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PREFACE  TO  THE  AMERICAN  EDITION. 


It  has  hitherto  been  customary  among  medical  men  to  look  upon  Histology 
in  very  much  the  same  light  as  music  is  looked  upon  by  those  interested  in 
^e  subject  of  general  education.  They  have  considered  it  as  an  accomplish- 
ment requiring  a  great  sacrifice  of  time  and  money,  and  yielding  fruits  in 
no  wise  proportionate  to  the  outlay.  There  are  signs,  however,  that  this 
state  of  professional  opinion  is  now  rapidly  passing  away,  and  that  this  de- 
partment will  ere  long  be  estimated  at  its  true  value,  that  is,  as  one  of  the 
corner-stones  of  the  science  of  medicine.  One  institution  of  learning— I  re- 
fer to  the  medical  department  of  Harvard  University — already  now  requires 
of  its  graduates  an  acquaintance  with  the  principles  of  histology,  and  in  this 
city  there  has  been  established  for  a  little  more  than  two  years  a  laboratory 
where  histological  studies  can  be  prosecuted  under  the  guidance  of  competent 
instructora.  Of  still  older  date  is  the  laboratory  of  the  Army  Medical 
Museum  in  Washington,  which  is  devoted  to  histological  purposes  and  is 
liberally  supported  by  the  United  States  Government.  In  all  these  institu- 
tions, however,  the  need  of  a  text-book  embodying  the  most  recent  disco v-- 
cries,  and  setting  forth  the  most  approved  methods  of  investigation,  has  been 
very  seriously  felt.  No  comprehensive  text-book  has  ever  appeared  on  the 
subject  since  the  translation  of  KoUiker's  Histology,  which,  though  admi- 
rable as  a  work  of  reference  for  the  advanced  student,  will  scarcely  be  found 
to  satisfy  the  wants  of  the  beginner.  For  the  present  manual,  however,  it 
niay  fairly  be  claimed  that  it  presents  a  most  able  and  comprehensive  review 
of  what  is  known  of  histology.  The  name  of  Prof.  Strieker,  under  whose 
guidance  the  work  has  recently  been  completed,  is  already  familiar  to  the 
majority  of  American  medical  students  as  one  of  the  foremost  histologists  in 
the  world.  Among  the  contributoi-s  to  the  manual  are  Von  Recklinghausen, 
RoUett,  Waldeyer,  Max  Schultze,  and  Meynert — men  whose  names  alone 
are  a  sufficient  guarantee  of  the  high  character  of  the  work. 

In  regard  to  the  translation,  the  editor  would  state  that  the  first  406 
pages  are  simply  a  reprint  of  Mr.  Henry  Power's  excellent  translation,  pub- 
lished by  the  New  Sydenham  Society  of  London,  in  1870.     The  remaining 
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IV  PREFACE  TO  THE  AMERICAN   EDITION. 

chapters  were  translated  by  gentlemen  of  this  city  and  Boston,  whose  fami- 
liarity with  the  subjects  allotted  to  them  specially  fitted  them  for  the  work. 
In  the  case  of  Prof.  Meynert's  article  on  the  Brain,  the  editor  takes  pleasure 
in  stating  that  the  translation  of  this  very  difficult  chapter  was  intrusted  to 
Dr.  James  J.  Putnam,  of  Boston,  at  the  special  request  of  Prof.  Meynert. 
Dr.  Putnam  was  at  that  time  a  pupil  in  Prof.  Meynert's  laboratory,  and  as 
all  doubtful  points  were  referred  by  him  to  the  author,  the  translation  of 
this  chapter  may  be  relied  on  as  an  accurate  reproduction  of  the  author's 
views. 

In  the  introduction  of  terms  having  a  special  technical  meaning,  the 
translators  have  endeavored  to  use  the  simplest  form  of  Anglo-Saxon; 
where,  however,  a  definite  terminology  had  previously  been  used,  no  change 
has,  as  a  general  rule,  been  made.  ^ 

The  editor  desires  in  this  place  to  acknowledge  his  indebtedness  to  his 
coadjutors  for  the  thorough  and  satisfjBMstory  manner  in  which  they  have 
done  their  work. 

New  York,  July,  1872. 
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AUTHOR'S   PREFACE. 


No  branch  of  science  is  being  extended  by  such  numerous  and  exact 
obflervations  as  Histology.  While  we  enlarge  the  image  upon  the  retina, 
through  the  agency  of  the  microscope,  we  diminish  the  space  momentarily 
brought  into  view,  but  we  gain  in  exactness  of  definition  what  we  lose  in 
area.  In  the  more  delicate  observations  we  make  a  very  extraordinary  in- 
crease in  the  exactness  of  our  appreciation  of  light.  After  bringing  the  object 
to  be  examined  into  a  condition  answering  special  requirements,  we  concen- 
trate our  susceptibility  to  light  upon  one  eye,  and  exclude  all  other  outside 
disturbing  influences :  we  further  liberate  this  organ  from  any  accessory  ef- 
fort ;  we  do  not  turn  it  nor  acconmiodate  it ;  we  take  the  ball,  as  it  were,  in 
both  hands,  substituting  our  adjusting  apparatus  for  ocular  accommodations, 
and  movements  of  the  object-slide  for  ocular  motion. 

Improvements  in  the  microscope  during  the  course  of  the  last  ten  years 
have  not  only  broadened  the  field  of  research  to  a  great  extent,  but  have 
also  deepened  it,  and  introduced  better  and  more  uniform  illumination. 

Histology  is  also  extending  in  another  direction.  It  is  steadily  mounting 
to  a  position  among  the  comparative  sciences.  Under  these  circumstances 
it  is  continually  becoming  more  difficult  for  any  one  individual  to  gain  such 
a  thorough  acquaintance  with-  its  entii*e  range  as  will  fit  him  to  prepare  a 
conscientiously  written  text-book  on  the  subject.  In  view  of  this  fact  I  have 
undertaken  to  edit  the  present  joint  work.  In  accomplishing  my  object,  the 
co-operation  which  has  been  afforded  me  by  the  best  experts  of  our  time,  com- 
bined with  the  energy  of  the  publisher,  has  enabled  me  to  carry  the  work 
to  a  successful  conclusion.  It  does  not  escape  our  notice,  in  glancing  over 
the  genei-al  outlines,  that  the  appearance  is  not  as  smooth  as  if  the  whole 
had  been  the  work  of  a  single  master.  In  some  portions  the  results  of 
years  of  industrious  labor  have  gained  a  marked  prominence.  Intervening 
portions  are  sometimes  the  work  of  younger  men. 

There  is  no  retouching,  however,  with  which  masters  are  fond  of  em- 
bellishing their  works  to  suit  our  taste,  and  so  keep  the  strong  and  weak  ele- 
ments of  the  production  at  an  equal  distance  from  the  observer's  eye. 

I  am  confident  my  fellow-workers  will  sustain  no  loss  from  the  roughness 

of  framework ;  certainly  not  the  best  ones,  for  light  has  never  yet  been 

dimmed  by  less  light ;  the  younger  men,  too,  will  not  complain  if  their 

share  in  the  work  be  brought  into  notice. 

The  only  remaining  question  now  is,  "  Are  our  readers,  or,  which  is  more 
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important,  is  science  to  gain  anything  by  it  ?  "  Both  questions  are  practi- 
cally one,  for  certainly,  if  we  consult  the  interests  of  our  readers,  what  better 
can  be  offered  than  that  which  best  answers  the  demands  of  science?  In 
short,  we  need  no  argument  to  show  that  the  true  relations  of  objects  are 
best  defined  when  there  is  absence  of  ornamentation. 

It  is  impossible  to  deny  that  tlie  painter's  brush  is  still  playing  an  impor- 
tant role  in  making  text-books  on  animal  tissues.  Our  knowledge  in  this 
field  is  but  fragmentary,  and  we  are  only  too  apt  to  allow  theories  instead  of 
facts  to  conceal  our  deficiencies. 

Nor  is  the  present  work  quite  free  from  these  features,  though  they  are  not 
BO  prominent,  since  the  articles  take  the  character  of  monographs ;  and  there 
is,  further,  a  merit  connected  with  this  latter  fact,  in  so  fiir  as  a  single 
pervading  method  is  avoided. 

Now  this  same  diversity  in  treating  the  various  subjects  is  not  the  least 
advantage  of  our  work.  It  thereby  approaches  nearer  what  should  be  the 
aim  of  a  manual  which  is  to  furnish  a  statement  of  doctrines  as  they  are,  at 
a  given  period.  Such  statements,  however,  come  nearer  actual  ti-uth  when 
there  is  no  predominance  of  individual  views. 

On  the  other  hand,  multiplicity  of  workers  has  brought  with  it  an  evil. 
Some  have  opposed  othei-s  upon  points  that  are  sometimes  essential.  This 
circumstance,  I  am  certain,  will  only  annoy  those  who  value  truth  less  than 
the  convenience  with  which  they  store  away  the  information  they  gain  ;  for 
scientific  men,  and  those  who  aim  to  be  such,  will  certainly  be  glad  that  I 
have  given  space  te  any  conflicting  opinions. 

**  Opposition  fosters  the  spirit  of  inquiry.*'  * 

S.  STRICKER. 

*  *'  Durch  den  Widerspmch  wird  der  Geist  der  Priifung  genahrt.'* 
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INTRODUCTION. 


OEKEBAL  METHODS  OF   INVEfiTIGATIOlf. 
By  S.  STRICKER. 

The  microscope  is  a  means  of  research.  When  objects  are  so  small  that 
at  ordinary  distances  from  the  eye  they  no  longer  produce  sufficiently  large 
images  on  the  retina,  they  require,  for  their  examination,  either  a  simple  or 
a  compound  microscope.  The  domain  of  investigation  embraced  by  this 
instrument,  however,  does  not  limit  research.  Microscopy  defines  no  doc- 
trine, but  is  simply  a  method  of  examination ;  yet  it  is  the  most  delicate 
with  which  we  are  acquainted  for  terrestrial  objects,  because  modem  micro- 
scopes are  the  most  perfect  of  all  optical  instruments. 

Up  to  the  present  time  the  microscope  has  been  chiefly  applied  to  the  in- 
vestigation of  the  various  organisms ;  and  our  knowledge  of  the  finer  struc- 
ture of  plants  and  animals,  and  especially  of  the  latter,  has  assumed  the 
character  of  an  independent  science,  which  again  presents  important  sub- 
divisions. The  observation  of  healthy  tissues,  and  of  those  modified  by,  or 
originating  in,  disease,  already  constitutes  the  basis  of  two  separate  but 
closely  allied  departments  of  science,  each  of  which  can 'again  be  regarded 
from  different  points  of  view.  We  can,  for  example,  push  our  inquiry 
either  into  the  morphology  or  into  the  biology  of  the  tissues ;  or,  as  it  may 
be  otherwise  expressed,  into  the  normal  or  pathological  anatomy  and  physi- 
ology of  the  tissues.  At  present,  however,  the  morphology  and  physiology 
of  the  tissues  are  so  intimately  connected  with  each  other  that  no  line  of 
demarcation  can  be  drawn  between  them.  The  observation  of  the  vital 
phenomena  presented  by  the  tissues,  and  the  experimental  investigation  of 
their  proi>erties,  conducts  us,  in  many  instances,  to  a  knowledge  of  the  most 
delicate  structural  arrangements ;  whilst  the  converse  always  holds  true, 
that  a  thorough  knowledge  of  structure  furnishes  the  key  to  many  vital 
phenomena. 

The  technical  methods  of  research  applicable  to  these  two  subjects  are 
nevertheless  different.  When  we  desire  to  follow,  and  ultimately  to  modify, 
the  vital  processes  under  the  microscope,  other  means  of  research  are  re- 
quired than  when  we  merely  wish  to  acquaint  ourselves  with  the  forms  of 
tiie  elemientary  parts.  Moreover,  experiments  which  are  performed  under 
the  microscope  differ  according  to  whether  they  are  conducted  on  Hving  or 
on  dead  bodies.  The  sensitiveness  of  the  former  to  external  influences, 
makes — even  in  the  microscopically  small  compass  of  the  instrument,  and 
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bearing  in  mind  the  management  necessary  for  its  use — experiments  possi- 
ble under  circumstances  which  are  not  practicable  in  the  case  of  dead  tissue. 
Thus  we  find  that  changes  can  be  induced  in  living  tissue  by  slight  vari- 
ations in  temperature,  by  feeble  currents  of  electricity,  and  by  weak  solutions 
of  acids  ;  whilst  the  operation  of  these  agents  must  be  much  more  energetic 
for  the  purpose  of  experiment  on  the  dead  body,  and  this  is  not  always  agree- 
able for  the  observer,  nor  suitable  for  the  more  delicately  consti-ucted  in- 
struments. The  greater  sensitiveness  of  the  living  organism  demands  pro- 
portionate delicacy  in  its  treatment,  but  at  the  same  time  facilitates  experi- 
ment ;  and  to  this  we  may  ascribe  the  circumstance  that  experimentation  on 
the  living  body  has  gained  so  much  in  value  during  tlie  last  few  yeai's, 
that  is,  during  the  period  that  the  investigation  of  living  tissues  has  been 
so  extensively  undertaken. 

The  tissues  may  either  be  examined  by  the  light  which  they  i-eflect  from 
their  surface,  or  by  that  which  passes  through  them — by  direct  or  by  trans- 
mitted light.  Every  object  can  be  examined  by  dii*ect  light,  provided  that 
the  degree  of  illumination  from  without,  and  its  own  power  of  reflecting 
light,  are  sufficiently  gi'eat,  and  that  both  the  object  and  the  instrument 
can  be  fixed. 

It  is  self-evident  that  the  instrument  must  be  capable  of  being  focussed, 
or  it  would  be  impossible  for  trustworthy  retinal  images  of  various  objects 
py  be  obtained.  The  examination  of  an  object  cannot  be  conducted  by 
direct  light  with  high  powers,  because  the  employment  of  such  powers  ne- 
cessitates the  close  approximation  of  the  lens  to  the  object,  whereby  the 
latter  is  covered,  and  its  illumination  prevented.  It  is,  however,  possible 
to  apply  here  the  principle  of  the  ophthalmoscope,  and  then  this  difficulty 
is  overcome. 

Examinations  conducted  by  means  of  direct  light  are  greatly  assisted  by 
direct  illumination,  or,  what  is  still  better,  by  throwing  a  pencil  of  rays  on 
the  part  of  the  object  to  be  illuminated  ;  details  then  frequently  become  ap- 
parent which  can  scarcely  be  detected  with  the  mere  diffused  light  of  day. 

If  examinations  by  means  of  direct  light  are  undertaken  at  greater  dis- 
tances— as  when,  for  example,  lower  powers  are  employed,  or  when  the  ob- 
jects are  examined  or  are  prepared  in  a  fluid — it  is  advantageous  to  use 
Briicke's  doublet.  This  is  placed  in  the  arm  of  a  Nachets'  or  Hai-tnack's 
stand,  and  the  object  is  placed  on  the  stage.  The  focussing  can  then  be 
easily  accomplished  with  the  unassisted  hand  by  moving  the  lens.  This 
combination  is  very  serviceable  for  preparations  that  have  been  teased  out 
with  needles,  as  in  the  isolation  of  ganglion  cells  and  the  separation  of  fine 
fibres.  The  object  is  in  every  instance  placed  on  an  opaque  gi'ound  :  if  it 
be  dark,  upon  a  dull  gray  ;  and  if  clear,  upon  an  opaque  black  ground.  The 
object  requiiing  to  be  isolated  should  in  all  instances  be  laid  on  a  slide  of 
polished  glass,  beneath  which  again  may  be  placed  a  piece  of  dull  white  or 
black  paper,  as  may  be  most  convenient.  For  the  examination  of  larger 
portions  of  tissue  in  fluid,  little  shells  may  be  used,  resting  on  a  plane  base, 
and  having  a  spherical  hollow,  resembling  an  ordinary  glass  salt-cellar.  A 
dull  opaque  gi*ound  may  easily  be  obtained  by  covering  the  surface  of  the 
glass  witli  a  thick  layer  of  colored  wax  or  gutta-perchp,  which  has  the  advant- 
age of  enabling  the  objects  to  be  fixed  in  position  by  transfixion  with  needles. 

If  it  be  required  to  bring  the  object  into  strong  relief,  in  order  to  ex- 
amine the  details  of  the  surface,  the  lensss  of  SteinheU  of  Miinchen  are  es- 
pecially to  be  recommended.  It  is  ad^  antageous,  however,  to  attach  them 
to  an  arm  moving  on  a  ball  and  socket  joint,  which  again  plays,  horizon- 
tally and  veHiQally,  on  a  fixed  vertical  support.      When  it  is  required  t^ 
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manipnlate  with  forceps  and  scissora  under  still  higher  magnifying  powers, 
the  little  preparation  cell  should  be  fastened  upon  a  blackened  wooden 
block,  several  centimetres  in  height,  and  resting  on  the  table.  The  arms, 
being  thus  in  a  nearly  horizontal  position,  and  well  supported,  permit  the 
observer  to  work  with  greater  steadiness.  In  making  preparations  with 
strong  lenses,  the  nose  of  the  observer  necessarily  comes  into  close  proxi- 
mity with  the  object,  and  the  bridge  of  the  nose  can  be  used  as  a  point  of 
support  for  the  cutting  instrument  employed.  When'  sections  are  made 
with  scissors  and  forceps  under  strong  lenses,  it  is  usually  necessary  that  the 
object  should  be  firmly  fixed,  and,  at  the  same  time,  very  steady  movement 
on  the  part  of  the  cutting  instniment  is  required.  It  is  in  particular  quite 
indispensable  that  some  kind  of  support  should  be  given,  if  it  be  required, 
to  make  clean  and  thin  sections  of  small  and  delicate  objects. 

If  the  left  eye  be  applied  to  the  lens,  the  right  hand  can  with  great  cer- 
tainty direct  a  fine  pair  of  scissors  balanced  on  the  bridge  of  the  nose  whilst 
the  left  hand  fixes  the  object.  For  the  fixation  of  very  delicate  objects, 
substantial  forceps,  with  very  sharp,  smooth  points,  will  be  found  service- 
able. If  it  be  desired  to  work  by  means  of  direct  light  with  a  compound 
microscope,  weak  objectives,  such  as  No.  5  of  Hartnack's  microscope,  or 
those  corresponding  to  them  of  other  instruments,  can  alone  be  employed. 
Formerly  weak  compound  microscopes,  which  gave  erect  images,  were  used 
for  the  preparation  of  objects.  These  so-called  dissection  microscopes  are 
not,  however,  really  necessary,  since  the  opposite  movement  of  the  hand  de- 
manded for  the  invei-ted  image  is  soon  acquired  by  practice. 

The  examination  of  objects  can,  in  likfe  manner,  be  undertaken  with 
transmitted  light,  both  with  the  aid  of  simple  and  of  compound  microscopes. 
In  regard  to  the  use  of  the  former,  there  is  little  to  be  added  to  what  has 
already  been  said.  For  the  examination  of  objects  with  tmnsmitted  light, 
it  is  obvious  that  the  support  must  be  transparent,  and  the  objects  must 
themselves  be  illuminated  by  the  reflected  light  proceeding  from  either  a  mir- 
ror or  a  prism.  Simple  microscopes,  or  the  lower  powers  of  compound  mi- 
croscopes, can  only  be  used  with  transmitted  light,  when  general  views  of 
the  topographical  relations  pf  the  tissues  to  one  another  are  desired.  The 
lar^r  the  object,  the  lower  must  be  the  magnifying  power  employed,  in  or- 
der that  a  general  view  of  it  may  be  obtained.  With  such  large  objects  it 
is  usual  to  examine  them  in  the  first  instance  with  a  low  power,  and  then 
to  investigate  the  details  of  each  part  with  a  higher  power.  The  very 
powerful  lenses  lately  manufactured  by  Hartnack  are  extremely  well  adapt- 
ed for  the  investigation  of  the  living  tissues,  or  of  the  well-preserved  and 
isolated  elements  of  the  tissues.  In  specimens  which  have  been  roughly 
treated  and  are  consequently  not  in  a  very  fit  state  for  microscopic  research, 
as  in  those  that  have  been  hardened  with  re-agents,  or  stained  with  coloring 
matters,  and  repeatedly  washed,  very  high  powers  are  in  the  first  instance 
less  instructive  than  lower  ones ;  indeed,  those  who  are  not  very  expert  in 
the  use  of  the  instrument  c^  actually  see  less  with  a  No.  15  than  with  a 
Kg.  8  Hartnack.  However,  the  highest  powers  are  even  here  very  service- 
able to  the  beginner,  if  he  be  engaged  in  the  definition  of  the  deeper  lying 
tissues.  It  is  only  requisite  to  use  the  fine  adj  ustment  with  extraordinary 
eare,  to  turn  the  screw  with  great  gentleness  ;  so  that  a  fresh  field  is  obtained, 
which  may  remain  for  some  time  under  observation  prior  to  passing  to  a 
greater  depth,  or  returning  to  a  more  superficial  part. 

But  if  well  isolated  and  well  preserved  morphological  elements  are  under 
observation,  and  if  the  tissues  are  examined  whilst  still  fresh,  and  without 
tbe  addition  of  any  fluids,  or  only  of  those  which  occasion  no  change  in 
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them,  the  highest  powers  prove  of  the  utmost  value.  The  advances  that 
have  been  made  in  our  knowledge  of  cells  and  of  the  finer  structure  of 
nerve  fibres  are  the  result  of  researches  undei-taken  with  the  admirable  in- 
struments that  have  recently  been  constructed.  The  value  of  these  high 
powers  is  strikingly  illustrated  by  the  investigations  on  the  living  cornea, 
conducted  by  Becklinghausen  and  Kiihne.  It  is  indeed  true,  that  in  the 
peHectly  fresh  state,  the  stinicture  of  the  cornea  cannot  be  satisfactorily 
ascertained,  even  with  the  best  glasses.  In  this  state  only  those  morpho- 
logical elements  are  to  be  distinguished  which  refract  light  differently  from 
the  surrounding  parts,  and  thus  it  happens  that  when  fibres  or  cells  are  im- 
bedded in  connective  tissue,  or  in  fluids,  the  refractive  power  of  which  is 
the  same  as  their,  own,  they  cannot  be  perceived  even  with  the  best  glasses, 
and  artificial  means  must  be  i*esorted  to  in  order  to  render  them  visible. 
These  may  either  be  mechanical,  efifecting  the  separation  and  isolation  of 
the  morphological  elements,  or  chemical,  which  dissolve  the  connecting  ma- 
teiial,  or  act  differently  upon  it  than  upon  the  moi-phological  elements. 
The*  best  artificially  prepared  specimens,  however,  cannot  supply  the  advan- 
tages of  examination  made  on  fresh  preparations  with  magnifying  powers  of 
from  1,000  to  1,500  lineai\  Those  outlines  which  can  be  distinguished  in 
the  living  tissue,  exliibit,  besides  sharpness,  a  certain  softness,  which  ren- 
ders their  definition  easy  and  pleasant.  The  naturally  present  cavities  and 
fissures,  in  consequence  of  the  difierent  refractive  power  of  their  contents, 
dififerentiate  themselves  from  the  surrounding  mateiial  with  extraordinary 
sharpness.  Lastly,  outlines  are  distinguishable  during  life,  which  com- 
pletely vanish  after  death.  Even  if  these  can  be  again  rendered  visible  by 
the  application  of  peculiar  re-agents,  their  full  significance  is  only  to  be  re- 
cognized by  our  knowing  that  they  are  naturally  present. 

In  the  present  condition  of  our  instrumental  means  of  research,  it  ap- 
pears to  be  advantageous  to  commence  histological  studies  by  means  of  gen- 
eral topographical  examination  of  the  tissues  with  lenses  of  low  powers ; 
then  to  proceed  to  the  examination  of  specimens  that  have  been  subjected 
to  manipulation  with  lenses  of  moderate  power,  in  such  cases  applying  the 
stronger  lenses  only  as  a  means  of  control  for  the  penetrating  powers  of  the 
weaker  ones ;  and  finally  to  proceed  to  the  examination  of  the  fresh  tissues 
with  the  best  means  at  our  command. 

I  can  attribute  no  very  high  value  to  the  binocular  (double-tubed)  stereo- 
scopic microscopes,  so  far  as  their  use  has  at  present  extended.  As  yet  they 
have  only  been  employed  with  low  powers.  The  relief  of  different  parts  of 
an  object  can  be  \ery  well  ascertained,  even  with  a  simple  microscope,  by 
merely  varying  the  inclination  of  the  head. 

The  simplest,  but  at  the  same  time  the  most  certain  and  elegant,  mode  of 
investigation  with  the  compound  microscope  is  to  place  the  object  in  the 
centre  of  a  smoothly-polished  slip  of  glass,  covering  it  with  a  thin  quadran- 
gular and  also  perfectly  clean  glass  plate.  The  little  glass  plate,  called  also 
the  glass  cover,  should  lie  with  its  surface  parallel  to  the  glass  slide,  a  posi- 
tion which  can  only  be  attained  when  the  object  to  be  examined  has  been 
greatly  and  equally  extended.  Irregularly  shaped  and  thicker  masses  inter- 
fere with  the  examination,  because  they  make  the  glass  cover  assume  an 
oblique  position.  If  the  tissue  to  be  examined  is  diffused  through  a  fluid, 
a  drop  should  be  placed  on  the  glass  slide ;  the  cover  should  then  be  brought 
down  to  the  upper  surface  of  the  drop,  and  cautiously  allowed  to  fall  by  its 
own  weight.  By  this  means  the  inclusion  of  air  bubbles  is  avoided.  If  the 
investigation  is  about  to  be  continued  for  some  time,  or  if  it  be  desired  that 
the  medium  in  which  the  object  lies  should  not  become  concentrated  by  evap- 
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oration  from  the  edges,  a  bnish  dipped  in  oil  may  be  drawn  round  the  mar- 
gin of  the  covering  glass,  which  will  effectually  prevent  it.  If,  after  the 
glass  cover  has  been  applied,  a  portion  of  the  fluid  about  to  be  examined 
exudes  from  the  edges,  so  that  the  cover  slips  with  an  unsteady  movement 
over  the  surface,  a  little  piece  of  filtering  paper  may  be  employed  to  remove 
the  excess  of  fluid,  and  the  oil  may  then  be  applied.  By  this  means  the 
simplest  kind  of  moist  chamber  may  be  made. 

Recklinghausen  first  introduced  the  use  of  the  moist  chamber.  The  guid- 
ing idea  of  this  was,  that  the  object  should  be  placed  in  a  space  in  which  the 
air  WHS  saturated  with  moisture,  and  this  a])peared  to  be  so  much  the  more 
important  when  it  was  found  desirable  to  examine  objects  without  a  cover- 
ing glass.  In  such  cases  the  object  is,  of  courae,  partially  in  contact  with 
the  air,  and  must  necessarily  give  off  watery  vapor,  unless  the  air  be  itself 
saturated  with  moisture. 

But  if  we  consider,  on  the  other  hand,  that  the  precipitation  of  watery 
vapor  from  an  atmosphere  saturated  with  it  upon  such  an  object  Ls  de- 
pendent on  temperature,  it  is  easy  to  understand  how  difficult  it  is  to  obtain 
the  exactly  intermediate  point  in  which  water  is  neither  given  off  nor  taken 
up.  Any  imperfections  in  this  respect,  however,  will  increase  with  the  ca- 
))aeity  of  the  space  by  which  the  object  is  surrounded.  It  should,  there- 
fore, be  made  as  small  as  practicable,  and,  if  possible,  altogether  dispensed 
with ;  in  other  words,  where  practicable,  only  a  covering  glass  should  be 
u.sed,  the  edges  of  which  are  oiled.  The  pressure  which  this  exercises  on 
the  object  is  unimportant,  and  may,  indeed,  easily  be  avoided  altogether; 
for  it  is  only  requisite  to  form  an  outside  wall  with  oil,  and  to  place  a  small 
quantity  of  the  fluid  within  the  space  thus  enclosed,  before  applying  the 
covering  glass,  in  order  to  protect  it  entirely  from  the  weight  of  the  latter. 
Circumstances  may  exist,  however,  which  render  it  necessaiy  that  the  pre- 
paration should  be  exposed  to  the  air.  It  may,  for  instance,  be  requisite  to 
ascertain  the  influence  of  various  gases  ;  in  these  cases  a  chamber  must  be 
used,  of  as  small  a  si^e  as  possible,  except  where  some  special  ari*angements 
are  made,  enabling  the  amount  of  watery  vapor  present  to  be  regulated.  I 
employ  for  this  purpose  a  ring  of  putty,  varying  in  thickness  according  to 
circumstances ;  the  object  is  then  U>  be  attached,  as  usual,  to  the  lower  sur- 
face of  the  covering  glass ;  this  is  now  to  be  brought  down  upon  the  rin^ 
of  putty,  and  to  be  gently  pressed  down  on  the  object  with  the  handle  of 
the  scalpel.  A  drop  of  water  placed  upon  the  side  is  sufficient  to  saturate 
the  space  with  aqueous  vapor,  and  to  prevent  the  object  from  drying. 
Great  caution  must,  however,  be  used ;  for  it  will  be  found  that  the  dry, 
smooth,  polished  covering  plate  becomes  immediately  tarnished  when  it  is 
placed  on  the  wall  of  putty.  The  drop  of  fluid  should,  therefore.  Only  have 
a  small  surface,  in  order  that  it  may  not  evaporate  to  too  great  an  extent, 
and,  on  the  other  hand,  it  should  not  be  too  small,  lest  the  object  dry  with 
too  great  rapidity.  It  is  obvious  that  small  variations  in  the  proportion  of 
water  in  the  object  are  unavoidable. 

A  moist  chamber  formed  in  this  fashion  can  easily  be  converted  into  a 
soKsalled  gas  chamber.  In  that  pai-t  of  the  soft  wall  of  putty  which  coiTe- 
sponds  to  the  middle  line  of  the  glass  slide,  a  small  glass  tube  is  to  be  in- 
troduced on  each  side,  and  to  these  caoutchouc  tubes  can  be  attached,  which 
can  be  closed  by  bull-dog  forceps  when  the  pa^^sage  of  gas  is  not  required. 
But  when  gases  are  to  be  transmitted,  the  necessary  communications  can  be 
made  through  the  caoutchouc  tubes,  and  the  forceps  removed.  This  tem- 
ix)pary  and  easily  deranged  chamber  will  not  prove  satisfactory  to  those  who 
are  constantly  working  with  gases ;  by  them  it  will  be  found  better  to  ce- 
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rnent  the  connecting  tubules  of  gla<is  once  for  all  into  grooves  cut  in  the 
sliijie.     The  spacer  left  can  be  filled  up  with  putty. 


B(J 


Fig.  1. 


Gas  chamber,  natural  size.  A,  bird's-eye  yiew  ;  B,  longitudinal  section  through  the 
middle  line  ;  a  a,  wall ;  b  b,  conducting  tubes. 

A  slide  which  is  to  be  used  for  such  investigations  with  gas  must  be  at- 
tached to  the  stage  of  the  microscope,  because  the  conducting  tubes  ])ull 
upon  it,  and  so  render  the  object  liable  to  be  displaced.  The  gas  should  be 
transmitted  from  washing  flasks  fixed  on  the  stage,  so  that  there  may  be 
finn  8U{)ports  between  them  and  the  microscope,  whilst  they  are  themselves 
connected  with  gasometers  at  some  distance  from  the  stage.     In  my  own 

Fig.  2. 


investigations,  in  order  to  be  able  to  dispense  with  the  services  of  an  assist- 
ant, and  use  both  my  hands  at  the  stage  for  microscopic  purposes,  I  have 
arranged  my  gas  apparatus  beneath  the  table  in  such  a  way  that  1  can  effect 
the  passage  of  gas  in  one  direction  or  the  other  by  means  of  a  treadle.     If, 
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for  instance,  I  wish  to  transmit  carbonic  acid  gas,  I  so  arrange  the  apparatus, 
shown  in  fig. '2,  that  the  flask  containing  hydrochloric  acid  gas  can  be 
raised  by  a  string  attached  to  the  treadle,  and  passing  over  pulleys.  From 
the  evolving  flask  m  a  caoutchouc  tube  leads  to  my  fixed  wash  bottle  w,  and 
from  this  another  tube  passes  to  the  microscope.  The  (X)nduction  of  car- 
bonic acid  to  an  object  under  the  microscope  rendei*s  it  requisite  that  we 
should  be  able  to  exchange  it  at  will  for  atmospheric  air.  I  introduce, 
therefore,  between  the  v/ash  bottle  and  the  slide  a  T-shaped  tube  (a,  fig. 
2).  The  horizontal  portion  of  this  tube  lies  in  the  axis  of  communication 
between  the  wash  bottle  and  the  slide ;  whilst  the  cross-piece  is  dii'ected 
towards  the  observer.  A  long  caoutchouc  tube  is  attached  to  the  latter, 
which  is  seized  by  the  observer  between  his  teeth. 

Between  the  T-tube  and  the  wash  flask  w,  a  clip  is  introduced.  When  I 
open  the  clip,*  and  by  means  of  the  treadle  P  raise  the  flask  containing 
acid,  and  thus  cause  carbonic  acid  to  flow  into  the  wash  flask,  and  at  the 
same  time  compress  the  caoutchouc  tube  between  my  teeth,  the  gas  must 
pass  over  the  slide ;  but  if  I  apply  the  clip,  and  inspire  through  the  tube 
in  the  mouth,  I  then  draw  in  fi*ee  air  from  the  opposite  end  of  the  cham- 
ber. By  this  arrangement  common  air  can  be  exchanged  at  will  for  car- 
bonic acid  gas,  without  interfering  with  the  observation,  and  at  the  same 
time  the  hands  are  left  free  for  any  manipulation  that  may  be  requisite.  A 
second  apparatus,  the  so-called  Deville^s,  is  arranged  for  the  preparation 
of  hydrogen  beneath  my  table  in  the  same  manner  as  that  above  described. 
I  use  this  gas  as  an  indiflerent  medium  ;  and,  as  it  passes  through  a  wash 
flask,  mingle  with  it  various  vapors,  as  those  of  ammonia,  chloroform,  etc. 
The  mixture  is  accomplished  by  the  aid  of  a  bag,  which  can  be  compressed 
«dth  the  foot,  and  from  which  a  tube  conducts  into  the  wash  flask.  If  the 
effect  of  pure  hydrogen  gas  is  desired  to  be  seen,  the  above-mentioned  gas 
chamber  is  insufficient.  Kiihne,  to  whom  we  are  indebted  for  making  the 
first  investigations  with  gas  chambers,  employs  a  mercurial  valve.  Adopt- 
ing this  principle,  I  take  a  slide  made  of  hard  caoutchouc,  which  is  per- 
forated in  the  middle,  and  to  the  surface  of  which  a  glass  plate  is  cemented ; 
or,  which  comes  to  the  same  thing,  I  take  a  ring  of  hard  caoutchouc,  and 


Fig.  nL  a.  Gas  chamber,  with  mercurial  valve,  natural  size.  A  I,  bird^s-eye  view ; 
A  n,  longitudixial  seotioin  through  the  middle  line ;  n  n^  groove ;  1 1,  dips ;  ffr,  gas 
tobeB ;  r,  object ;  d  d,  covering  glass  in  section.     Fig.  iii  by  covering  glass. 

*  The  use  of  the  dip  may  be  dispensed  with  if  the  column  of  water  in  the  wash 
tiask  is  high. 
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cement  it  to  a  glass  plate.  A  groove  is  now  made  round  the  perforation, 
which  can  be  filled  with  mercury.  The  cover  glass  must  then  be  cemented 
to  a  little  cell  (fig.  3,  ft.). 

The  object  is  placed  on  the  inner  surface  of  the  cell  thus  formed,  and  the 
lateral  walls  of  the  cell  are  placed  in  the  groove,  dipping,  therefore,  into  the 
mercuiy.  If  the  cover  glass  is  now  kept  down  by  clips,  the  gas  chamber 
will  be  perfectly  closed ;  and  no  further  explanation  is  required  to  show 
how  the  gas,  whose  efiect  is  to  be.  examined,  may  be  conducted  over  the 
object. 

There  are  certain  difiiculties  accompanying  the  examination  of  objects  in 
gas  chambei*8 ;  taking  the  simplest  case  for  example,  a  drop  of  blood  is 
placed  on  the  lower  surface  of  ike  cover,  which  is  then  laid  on  the  cell,  and 
firmly  luted  to  it.  The  first  current  of  gas  which  passes  over  it  dries  up 
the  edges  of  the  blood  spot,  and  this  can  scarcely  be  avoided.  It  becomes 
necessary,  therefore,  to  experiment  with  great  rapidity  in  the  gas  chambera^ 
or  to  add  some  indifferent  fiuid  to  the  preparation,  which  may  saturate  the 
air  contained  in  the  little  cell  with  aqueous  vapor  without  essentially  alter- 
ing its  character.  But  we  are  thus  no  longer  working  under  the  simplest 
conditions,  and  due  allowance  must  be  made  for  this  in  the  conclusion  at 
which  we  arrive. 

The  employment  of  the  moist  chamber  is  rendered  still  moi*e  difficult,  if 
it  be  desired  to  warm  the  object  whilst  under  observation  with  the  micro- 
scope. RoUett  was  the  first  to  introduce  a  means  of  varying  the  tempera- 
ture in  microscopic  investigation.  Max  Schultze  made  improvements  in 
this  direction,  and  has  constructed  a  stage  capable  of  being  heated,  which 
can  again  be  fitted  to  the  stage  of  a  microscope,  is  capable  of  being  warmed 
throughout  its  whole  extent,  and  can  furnish  the  means  by  which  the  tem- 
perature of  the  object  under  examination  can  be  varied  at  will.  Various 
modes  have  since  been  suggested,  by  which  the  effects  of  elevation  of  tem- 
perature upon  an  object  can  be  ascertained.  In  Max  Schultze's  stage,  the 
mode  of  warming  consists  in  the  direct  conduction  of  heat  through  metal 
plates.  The  attempt  was  subsequently  made  to  conduct  a  warm  fluid 
through  the  object  stage,  and  still  more  recently,  to  employ  warm  vapor 
with  the  same  object  in  view.  A  better  method  than  any  of  these,  and 
which  demands  attention  as  a  means  of  heating  the  stage,  consists  in  the 
conversion  of  a  constant  cun*ent  of  electricity  into  heat.  In  microscopical 
investigation,  only  a  very  small  absolute  quantity  of  heat  is  required,  and  * 
indeed  it  is  not  necessary  to  warm  the  stage  in  its  whole  extent,  but  only 
its  centre ;  or,  what  is  still  better,  the  glass  cover  placed  on  a  slip  of  caout- 
chouc. An  amount  of  heat  so  small  as  this  we  may  reasonably  expect  to 
obtain  from  the  interruption  of  even  feeble  currents  of  electricity.  It  is 
well  known  that  the  heating  of  a  wire,  introduced  into  the  arc  of  a  con- 
stant current,  increases  with  the  diminution  in  diameter  of  the  wire ;  and 
indeed,  according  to  Eiess,  in  the  proportion  of  the  bi-quadrate  of  the  di- 
ameter. For  this  purpose,  therefore,  we  employ  a  proportionately  thin 
wire,  attached  to  the  centre  of  a  glass  plate,  the  ends  being  in  connection 
with  the  electrodes  of  a  constant  battery.  When  the  current  is  closed,  the 
temperature  of  the  centre  of  the  glass  plate  is  i*aised.  The  attachment  of 
the  wire  presents,  however,  certain  inconveniences ;  and  we  possess  in  tin- 
foil a  more  aj)propriate  means  at  our  disposal.  I  am  accustomed  to  cut  the 
tin-foil  into  the  form  represented  by  S  in  the  adjoining  figure,  and  then  to 
glue  it  to  a  glass  slide ;  if  now  the  extremities  of  the  tin-foil  are  introduced 
into  the  arc  of  a  constant  current,  the  end  in  view  is  at  once  attained.  A 
very  convenient  method  of  introducing  the  slide  into  the  current  is  to  at* 
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tach  to  one  of  Hartnack's  microscopes  a  couple  of  bi-ass  springs,  by  which 
the  preparation  can  be  firmly  clipped.  These  springs  (d  d,  fig.  5),  which 
are  attached  to  holes  in  the  stage  by  means  of  brass  pins,  are  provided  also 
with  india-rubber  pins,  by  which  means  they  are  isolated  from  the  micro- 
Rcope.  When  they  fii-mly  clip  the  slide,  they  at  the  same  time  press  on  the 
broad  end  of  the  tin-foU  s.  It  is  then  only  requisite  to  attach  a  conduct- 
Fig.  4 


Slide  adapted  for  being  heated  by  means  of  electricity.     Natural  size. 

ing  wire  at  any  point  of  each  spring  (e  e,  fig.  5),  and  the  circuit  will  be 
closed  by  the  tin-foil.  A  second  strip  of  tin-foil,  of  the  same  breadth  as 
that  attached  to  the  slide  (6,  fig.  4),  is  wound  round  the  bulb  of  a  ther- 
mometer, and  introduced  into  the  circuit  at  any  convenient  point.  This 
furnishes  the  means  of  correctly  estimating  the  temperature  attiBiined  by  the 

Fig.  5. 


Foot  and  stage  of  one  of  Hartnack^s  microscopes. 

centre  of  the  slide,  when  all  the  secondary  conditions  are  uniform.  These 
latter  can,  however,  be  estimated  by  comparison,  and  the  due  employment 
of  a  thermometer, — a  proceeding  that  is  always  requisite,  whatever  may  be 
the  mode  of  heating  employed.     In  order  to  accomplish  this,  at  the  point 
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where  the  object  is  situate,  a  fatty  substance,  the  melting-point  of  which  is 
known,  should  be  placed,  and  the  reading  of  the  mercury  should  be  taken 
at  the  moment  that  the  fat  begins  to  melt.  The  quantity  of  fat  that  is  in- 
troduced should  be  very  small,  and  should  be  in  the  field  of  the  microscope. 
It  will  be  found  most  expedient  to  cut  a  little  disk  out  of  the  fat,  to  cover 
it  dexterously,  to  watch  it  with  a  lens,  and  to  calculate  it  accordingly. 

I  also  apply  one  of  Meidinger's  chains  with  amalgamated  zinc  plates.  A 
chain  of  this  kind  works  with  very  great  steadiness,  if  fed  with  regularity. 
It  can  be  left  closed  for  several  days,  and  yet  the  temperature  of  the  tin-foil 
kept  to  a  definite  degi-ee,  not  varying  with  that  of  the  room.  It  seldom  re- 
quires water,  but  crystals  of  copper  must  be  supplied  at  least  once  a  day,  so 
tiiat  the  solution  may  be  constantly  and  equally  saturated.  If  we  overlook, 
however,  these  slight  drawbacks,  and  reflect  that  such  precautionary  measures 
are  only  i^equisite  in  'cases  where  it  is  wished  to  maintain  a  particular  pre- 
paration at  a  uniform  temperature  for  many  days  and  nights,  we  shall  feel 
that  in  the  interest  of  such  important  investigations  it  can  scarcely  be  thought 
too  great  a  trouble  to  attend  at  least  once  a  day  to  the  requirements  of  the 
machine.  If  the  amount  of  work  performed  by  the  battery  be  but  small,  or 
if  it  be  only  occasionally  applied,  it  will  then  long  retain  its  activity  without 
requiring  other  addition  l^an  that  of  a  little  water  from  time  to  time  to 
supply  the  place  of  that  which  is  lost  by  evaporation. 

Meidinger's  arrangement  gives  off  no  injurious  vapors,  and  may  there- 
fore be  enclosed  in  a  little  box,  and  placed  beneath  or  near  the  work-table. 
I  transmit  the  conducting  wires  through  holes  bored  in  the  table,  and  when 
required  for  use,  fasten  them  to  the  points  indicated  by  4-  and  —  in  fig.  5. 

Inasmuch  as  the  tem])erature  of  a  thin  wire  introduced  into  a  thicker  arc 
is  inversely  as  the  square  of  this  wire,  whilst  its  length,  when  small,  is  of 
no  importance,  it  follows  that  the  method  of  measurement  formerly  employed 
is  justified.  But  it  is  also  clear  that  the  active  force  present  can  be  accu- 
rately accommodated  on  the  basis  of  this  law.  For  if  the  temperature 
diminishes  as  the  square  of  the  strength  of  the  current,  this  decrease  can,  to 
a  certain  extent,  be  covered  by  diminishing  the  transverse  section  of  the  tin- 
foil, so  that  if  a  weak  current  be  in  use,  the  strip  of  tin-foil  must  be  made 
proportionately  naiTow.  As  these  strips  are  easily  torn,  I  am  accustomed 
to  glue  the  tin-foil  upon  thin  paper,  and  then  cut  out  a  very  long  strip  with 
its  central  window.  The  larger  portion  of  the  strip  I  twine  round  the  bulb 
of  a  thermometer  in  such  a  way  that  after  making  several  coils,  the  two  ends 
hang  fi-ee.  I  then  cover  the  whole  bulb  with  a  layer  of  shellac  or  glass 
cement,  and  pass  it  through  a  cork  into  an  empty  vessel,  so  that  the  ends 
of  the  tin-foil  project.  No  special  expertness  is  then  required  on  the  part 
of  the  experimenter  to  introduce  these  into  the  arc  of  the  current.  The 
bulb  can  also  be  so  placed  in  front  that  its  readings  can  be  readily  taken. 
The  shorter  end  of  the  strip  of  tin-foil,  with  the  window,  I  place  as  is  shown 
in  fig.  6.  In  my  arrangement,  the  temperature  of  the  strip  of  tin-foil 
rises  in  almost  arithmetical  proportion  to  the  number  of  elements  used,* 
when  these  are  so  arranged  that  each  zinc  is  connected  with  a  copper  pole. 
With  one  element,  and  the  arrangement  just  described,  I  obtain  an  elevation 
of  temperature  amoimting  to  about  5"  C.  (9*  Fahr.),  and  with  six  elements 
rather  more  than  30°  C.  (54"  Fahr.).     If  great  accuracy  is  required,  the 

*  It  must  be  expressly  understood  that  the  ratio  here  given  corresponds  only  to  a 
certain  definite  arrangement.  It  follows  from  Ohm^s  law  that  the  resistance  of  the 
introduced  strip  governs  this  ratio.  The  strength  of  the  battexy  required  must  be 
afoertained  by  experiment. 
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regulation   of   the    temperature    must    be    accomplMied  by  means  of  a 
rheostat. 

In  order  to  exercise  a  direct  control  over  the  temperature  of  the  glass 
cover,  I  attach  a  thermometer  to  the  slide  itself     In  fig.  6,  a  represents 


Fig.  6. 
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A  n.     OE 
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A  I. 


Gas  chamber,  with  thermometer,  capable  of  being  heated  by  means  of  a  constant 
durent 

the  flattened  bulb  of  the  thermometer,  whilst  the  dotted  line  h  indicates  the 
direction  of  the  tube.  Both  the  tubes  and  the  bulb  lie  in  a  groove  made  in 
an  india-rubber  slide.  A  coil  of  very  fine  copper  or  platinum  wire  is 
wound  round  the  mercurial  bulb  a,  and  the  ends  are  made  to  lie  on  the 
hroad  metal  plate  pp.  The  springs  which  conduct  the  current  through 
the  instrument  press  upon  these  plates. 

Fig.  6.  A  II.  is  a  longitudinal  section  of  the  stage  in  full  working  order; 
^  ^  is  the  little  glass  cover,  upon  or  to  the  under  surface  of  which  the  object 
to  be  examined  is  attached.  The  cover  is  in  contact,  not  only  with  the  sur- 
face of  the  slide,  but  also  with  the  coil  of  wire  surrounding  the  bulb  of  the 
thermometer,  the  transverse  section  of  which  is  seen  at  a  a.  When  the 
circuit  is  closed,  the  wire  becomes  heated,  and  acts  on  the  one  hand  upon 
the  mercury,  and  on  the  other  upon  the  cover.  The  hard  caoutchouc  is  a 
bad  conductor  of  heat,  and  hence  the  cover  receives  the  greater  part  of  the 
heat.  The  figure  renders  it  apparent,  also,  how  the  slide  can  be  at  the  same 
time  used  as  a  gas  chamber. 

Whei-e  only  the  centre  of  the  slide,  or  the  cover,  is  desired  to  be  heated, 
the  flame  of  a  candle  or  gas  jet  may  be  conveniently  employed  as  a  source 
of  heat. 

For  this  purpose  a  copper  ring  and  rod  of  the  form  kkkk  fig.  7  are 
80  inserted  into  the  glass  slide  o  o,  that  they  do  not  project  beyond  its  sur- 
face ;  when  it  is  required  to  be  heated,  the  rod  q^  with  its  coil,  is  slipped 
over  the  free  end  K  K,  and  to  the  extremity  q  the  flame,  which  should  be 
as  small  as  possible,  is  applied.  If  the  rod  is  of  about  the  thickness  of  a 
large  knitting-needle,  it  can  be  made  of  sufficient  length  to  obviate  any  in- 
convenience to  the  observer  from  the  flame.  The  centre  c  of  the  slide  must 
be  accurately  arranged  for  a  particular  object  glass,  flame  and  focus.  If  a 
very  small  one  be  employed,  we  may  reckon  upon  tolerable  uniformity  of 
temperature  being  maintained,  though  of  course  this  mode  has  no  pretend 
Bona  to  scientific  accuracy.     If,  however,  the  general  effect  of  an  increase 
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of  temperature  within  certain  limits  is  all  that  is  required,  it  is  sufficiently 
useful.  The  facility  with  w^hich  it  can  be  made  renders  it  valuable  for  large 
laboratories. 

I  have  constructed  another  slide  with  a  thermometer  attached,  on  the 
same  principle  of  heating.  The  thermometer  is  fashioned,  as  in  fig.  6,  in 
the  form  of  an  arch,  and  is  imbedded  in  a  plate  of  caoutchouc.  The  bulb, 
however,  is  not  surrounded  by  a  spiral,  but  by  a  metal  shell,  which  resem- 
bles kkkin  fig.  7,  and  to  this  the  projecting  rod  k'  is  fastened.  If  the 
apparatus  represented  in  fig.  7  is  imagined  to  be  made  of  ebonite,  and 
perforated  in  the  centre,  the  dotted  line  will  i*epresent  the  position  of  the 
tube  of  the  thermometer.  Inasmuch  as  the  object  must  in  every  case  be  placed 
on  a  covering  glass,  two  clips  {e  e,  fig.  7)  are  added  to  fix  the  glass.     If 

Fig.  7. 


Slide  capable  of  beings  heated,  represented  of  natural  size,    kkkk^  copper  ring  and 
rim  imbedded  in  the  plate  oo\  g  g,  heating  rod ;  6  e,  dips. 

the  plate  is  to  be  used  as  a  gas  cell  capable  of  being  heated,  the  object  must 
be  placed  on  the  lower  surface  of  the  cover ;  but  if  only  as  a  slide  capable 
of  being  heated,  it  must  be  plaoed  on  the  upper  surface,  and  requires  th€*n 
its  own  cover.  In  the  latter  case  the  lower  cover  {g  g,  fig.  6.  A  ii.)  is 
equivalent  to  the  ordinaiy  slide,  and  only  possesses  the  advantage  of  being 
a  thin  plate,  the  temperature  of  which  can  be  easily  raised.*  The  disad- 
vantages of  an  ordinaiy  .gas  cell  appear  prominently  in  the  cell  capable  of 
being  heated.  In  no  ari*angement  with  which  we  are  at  present  acquainted 
does  an  equipoise  between  the  preparation  and  the  atmosphere  surrounding 
it  occur.  The  temperature  of  each  part  of  the  cover  changes  as  the  object 
glass  sweeps  over  it,  and  must  necessarily  vary  within  cei-tain  limits,  even 
with  the  best  means  of  regiilating  the  temperature.  Each  time  that  it  is 
cooled,  a  precipitation  of  the  watery  vapor  from  the  atmosphere  that  is 
saturated  with  it  must  occur.  Recklinghausen  and  Kiihne  have  endeavored 
to  obviate  this  inconvenience  by  the  construction  of  a  more  complicated 
apparatus  for  supplying  heat.  Whilst  the  results  of  these  experiments  are 
still  unknown,  it  is  advisable  to  postpone  the  investigations  on  the  effects 
of  heat  in  the  gas  cells.     The  reason  that  has  induced  me  to  describe  the 


*  The  meohanician,  Heinitz.  in  Vienna,  has  constructed  a  gas  cell  capable  of  being 
heated  on  the  model  of  that  just  described,  with  a  degree  of  elegance  that  leaves  scarcely 
anything  to  be  desired. 
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construction  of  the  beatable  gas  cell  at  so  great  a  length  is,  that  it  affords 
excellent  results  in  quite  another  line  of  inquiry.  If  the  floor  of  the  cell  be 
covered  with  a  drop  of  water,  and  the  preparation  is  attached  to  the  under 
surface  of  the  cover  over  the  water,  all  increase  of  temperature  will  cause 
the  atmosphere  within  the  cell  to  contain  more  watery  vapor,  of  which  a 
part  will  condense  on  the  object.  If  a  delicate  test  object  be  examined,  - 
such,  for  example,  as  the  blood  corpuscles  constitute  for  a  practised  observer, 
it  will  be  remarked  that  every  adcUtion  to  the  temperature  produces  a  per- 
ceptible alteration  in  the  object,  attributable  to  the  increased  proportion  of 
water  in  the  serum.  We  thus  possess  the  power  of  supplying  water,  in 
very  precise  proportions,  to  preparations  enclosed  within  a  cell. 

It  has  been  further  ascertained  that  the  action  of  gases  on  blood  is  differ- 
ent in  accordance  with  the  amount  of  water  that  it  contains.  The  results 
of  the  experiments  that  have  been  hitherto  made  will  be  detailed  in  the 
chapter  on  the  blood.  A  single  example  may,  however,  here  be  given,  to 
show  the  advantage  that  gas  cells  capable  of  being  heated  can  afford.  It 
may,  in  some  cases,  be  very  desirable  to  be  able  to  vary  the  temperature 
within  certain  limits  with  rapidity.  I  have,  indeed,  had  occasion  to  perform 
some  experiments  in  which  it  was  requisite  to  pass,  alternately,  iced  water 
and  steam  through  the  cell.  For  this  purpose  I  have  constructed  a  metal 
slide,  ill  which  a  central  peiibration  (c,  fig.  8)  permits  the  passage  of 
light ;  and  the  ])reparation  may  again  either  be  placed  upon  a  glass  cover 
cemented  down,  or  may  be  so  arranged  that  the  hole  in  the  slide  serves  as  a 
cell.  The  plate  itself  must  consist  of  two  leaves,  so  separated  as  to  allow 
an  evenly  closed  space  to  exist  between  them.  Then,  at  opposite  points  of 
the  space,  two  small  tubes  are  inserted  (a,  fig.  9).  To  one  of  these  an  in- 
dia-rubber tube  6  is  attached,  which  leads  to  the  vessel  for  generating  steam 
F.  This  consists  of  a  flask,  through  the  cork  of  which  a  rectangularly  bent 
glass  tube  is  transmitted.  The  free  end  of  this  tube  must  now  be  brought 
into  connection  with  the  slide ;  in  this  communication  a  T-shaped  tube  is 
again  introduced.     A  lamp  ydth  a  small  flame  is  placed  beneath  the  flask, 

Fig.  8. 


(O: 


Metal  slida  for  the  conduction  of  water  and  steam,   a  a,  conducting  tubes ;  t^  thermo- 
meter. 


which  is  half  filled  with  water,  so  as  to  keep  up  gentle  ebullition.  The 
steam  escapes  through  the  perpendicular  limb  of  the  T-shaped  tube,  because 
it  here  meets  with  the  least  resistance.  When,  however,  this  is  prevented, 
vhich  is  easily  accomplished  by  means  of  a  caoutchouc  tube  and  a  clip,  the 
steam  passes  through  the  slide,  and  heats  it.  If  the  lamp  is  now  removed, 
the  cooling  flaak  exerts  a  suction  power  on  the  vapor  in  the  space  between 
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the  two  leaves  of  the  slide,  and  atmospheric  air  consequently  enters ;  or  if 
a  receiver  containing  iced  water  be  already  prepared,  this  also  may  be  sucked 
up,  and  rapid  cooling  effected.  The  temperature  is  ascertained  by  the  ther- 
mometer, which  occupies  the  position  shown  in  the  figure. 

Electricity  is  also  an  agent  of  considerable 
importance  in  microscopical  investigations. 
Brflcke,  in  his  physiological  inquiry  into  the 
tissues,  employed  a  slide  covered  with  tin-foil,  aa 
shown  in  fig.  10.  The  slide  s  s  was  placed  on  two 
copper  supports  K,  which  were  attached  to  the 
stage  p.  The  electrodes  were  fastened  to  the  sup- 
ports, and  the  object  was  brought  between  the 
points  of  the  lamina  of  tin-foil.  The  mode  al- 
ready described  of  obtaining  and  transmitting  a 
current  for  the  purpose  of  observing  the  effects 
of  heat,  will  also,  of  course,  serve  for  observing 
those  of  electricity.  When  this  is  the  object 
in  view,  the  slide  should  only  be  covered  on  its 
surface  with  tin-foil,  in  the  fonn  represented 
in  fig.  10.  The  springs  resting  on  ebonite 
rods  ^vill  serve  as  conductors.  Tlie  distance 
of  the  laminrn  of  tin-foil  from  one  another  is 
of  importance  in  regard  to  the  transmission  of 
the  current.  As  a  general  rule  they  should 
not  be  separated  from  one  another  to  a  greater 
extent  than  a  few  millimetres.  I  prefer  to  see 
the  two  electrodes  at  the  sides  of  the  field,  be- 
cause then  the  position  of  the  object  in  regard 
to  them,  and  to  the  middle  line,  is  simultane- 
ously visible.  It  is  a  matter  of  very  great 
moment  to  observe  and  distinguish  between 
the  effects  of  the  current  in  the  immediate 
neighborhood  of  the  poles,  and  at  some  dis- 
tance from  them  ;  for  the  effects  of  electrolysis 
are  produced  on  breaking  the  current  in  the 
vicinity  of  the  electrodes,  and  the  tissues  be- 
come altered  as  they  would  be  were  they  sub- 
jected to  the  action  of  weak  acids  or  alkalies. 

At  parts  more  remote  from  the  electrodes 
changes  also  occur,  which,  however,  are  not  so 
remarkable  as  those  which  are  induced  by  the 
chemical  processes  above  alluded  to.  The  ef- 
fects which  may  be  trusted  as  being  really 
due  to  electricity  should  occur  quickly  after 
the  passage  of  the  current,  and  not  be  limited 
to  the  part  in  the  immediate  neighborhood  of 
the  electrodes.  If  the  current  be  allowed  to  pass 
for  some  time,  that  is  to  say,  for  more  than  a  few 
seconds,  through  the  tissue,  the  products  of  elec- 
trolysis first  extend  over  the  whole  surface  lying  between  the  electrodes, 
and  then  the  intensity  of  the  current  becomes  extraordinarily  reduced,  fre- 
quently, indeed,  to  zero,  on  account  of  the  pole  becoming  covered  with  bub- 
bles of  gas.  On  this  account  the  emplojrment  of  constant  currents  for  mi- 
croscopic investigation  is  scarcely  to  be  recommended,  for  with  the  closure 
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of  even  very  weak  currents,  so  violent  a  development  of  gas  occurs,  that 
but  little  confidence  can  be  placed  in  the  results  that  are  observed  to  follow 
their  ^lassage.  The  amount  of  electrolysis  that  occurs  with  induction  cur- 
rente  i&  much  smaller,  and  they  have  therefore  been  most  generally  em- 
Fig.  10. 
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ployed.  The  arrangement  in  which  there  is  a  single  shock  on  opening  and 
closure  of  the  current  is  particularly  advantageous.  The  shocks  obtained 
from  a  Leyden  jar  are  infinitely  superior  to  the  constant  currents,  because 
the  instantaneity  of  the  shock  causes  the  disturbing  influence  of  the  evolu- 
tion of  gas  bubbles  to  be  altogether  abolished. 

It  is  not  practicable  to  carry  out  the  examination  of  tissues,  under  the 
influence  of  electrical  currente,  with  the  same  elegance  of  detail  as  can  be 
accomplished  when  a  simple  slide  only  is  employed.  The  single  circum- 
stance that  the  tin-foil,  in  adhering  to  the  glass,  makes  the  surface  irregular 
And  uneven,  renders  it  necessary  that  the  sections  of  the  preparation  should 
be  thicker,  and  proportionately  interferes  with  the  investigation  by  means 
of  high  powers.  I  endeavor,  therefore,  to  combine  my  researches  with  elec- 
trical currents,  with  those  conducted  in  the  gas  cell.  By  this  means  1  am 
able  to  avoid  the  inconvenience  alluded  to :  for  if  the  cavity  of  a  slide, 
adapted  as  described  above  for  a  gas  cell,  be  surrounded  by  a  layer  of  soft 
cement,  it  is  quite  possible  to  place  the  electrodes  in  close  proximity  with 
the  preparation  which  is  on  the  inner  side  of  the  cover,  and  to  examine  it  in 
consequence  with  high  powers.  I  attach  to  each  side  of  the  slide  a  strip  of 
tin-foil,  which  passes  over  the  putty,  and  roaches  its  inner  side  {a  «,  fig.  11). 
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Cemented  to  the  cover  are  also  two  small  strips  of  tin-foil  (fig.  11,  «'«'), 
which,  running  in  the  axis  of  the  cover,  leave  between  them  a  space  of  a 
few  millimetres  in  diameter.  The  object  is  placed  at  this  spot,  and  the  cover 
is  do  disposed  on  the  wall  of  putty  that  the  metallic  strips  of  the  cover  lie 

Fig.  11. 
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on  the  strips  covering  the  putty,  and  the  cover  is  then  firmly  pressed  down 
on  the  soft  putty.  The  cell  being  now  complete,  the  electric  current  is  con- 
ducted by  the  strips  of  metal  to  the  object,  through  which  it  passes  at  the 
same  time ;  this  lies  immediately  beneath  the  cover,  and  can,  therefore,  be 
examined  with  the  highest  powers.  It  is,  moreover,  no  small  advantage  to 
combine  the  application  of  electricity  with  researches  on  the  influence  of  gas, 
because  we  can  neutralize  or  aid  the  effects  of  the  current  by  the  introduc- 
tion of  different  gases. 

On  breaking  the  current,  heat  is  developed  in  the  tissue.  I  have  meas- 
ured the  amount  thus  set  free  in  my  arrangement  of  the  induction  current, 
and  find  that  it  amounts,  when  the  core  is  fully  thrust  down,  to  about  3°  C. 
(5|°  Fahr.).  If  an  uncovered  drop  of  blood  is  under  examination  with 
strong  ordinary  lenses,  these  become  dimmed  at  the  instant  of  the  passage 
of  the  current,  but  after  a  short  period  they  again  become  clear.  The  pre- 
paration, however,  very  soon  dries  up.  It  is  requisite  in  such  cases  to  de- 
termine what  are  the  effects  of  the  sudden  elevation  of  temperature,  and 
what  are  those  of  the  electric  current  alone.  An  additional  means  of  re- 
search consists  in  effecting  a  change  in  the  fluid  components  of  a  micro- 
scopic object.  We  have  not  as  yet  been  able  to  succeed  in  combining  this 
mode  of  investigation  with  the  application  of  gases.  A  reliable  experiment 
in  which  an  alteration  in  the  fluid  is  effected  is  only  practicable  when  the 
object  is  placed  between  the  slide  and  the  cover,  the  bordei-s  of  which  at 
two  opposite  points  at  least  have  not  been  oiled.  To  one  of  these  points  a 
strip  of  filtering  paper  with  sharply  cut  edges  should  be  attached,  and  at 
the  other  the  fluid  which  is  to  be  applied  may  be  introduced  by  a  small 
tube,  one  end  of  which  has  been  drawn  out  into  a  long  point.  When  the 
strip  of  filtering  paper  is  attached  to  the  side  of  the  cover,  it  sucks  up  the  fluid 
of  the  preparation  :  a  current  is  immediately  established,  which  as  a  general 
rule  carries  everything  off  that  is  not  firmly  adherent.  If  a  little  time  is  now 
allowed  to  elapse,  it  is  possible  by  the  cautious  application  of  a  very  small 
strip  to  cause  a  slow  and  feeble  current  to  pass  over  the  superficies  of  the 
preparation  whilst  the  deeper  part  remains  at  rest.  If  at  any  time  the 
fluid  is  altogether  withdrawn,  the  cover  sinks  until  the  deepest  layers  of  the 
solid  elements  which  cling  to  the  cover  are  pressed  flat,  unless,  indeed,  they 
are  too  resistant  to  permit  of  such  compression.  As  often,  however,  as  a 
fresh  drop  is  supplied  from  the  other  side,  the  cover  again  rises.  In  such 
experiments  the  focussing  screw  of  the  microsco[)e  must  be  deftly  handled, 
if  it  be  desired  to  keep  the  attention  fixed  on  any  given  object.  By  the 
foregoing  method  a  microscopic  object  can  be  washed  in  a  chemical  sense. 
Living  morphological  elements  bear  such  an  operation  only  so  long  as  the 
fluid  supplied  is  of  an  indifferent  nature.  The  operation  of  washing  can, 
however,  be  more  freely  performed  in  the  case  of  dead  tissues,  to  which, 
also,  water  and  various  re-agents  can  be  alternately  applied. 
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The  formed  elements  may  even  be  killed  whilst  under  observation,  and 
be  then  submitted  to  further  reactions. 

Water  may  be  transmitted  so  as  to  allow  it  to  be  seen^how  young  cells 
become  spherical,  and  how  a  dancing  movement  of  the  granules  in  their  in- 
terior occurs,  how  the  nucleus  becomes  more  clearly  visible,  and  how  they 
oltimately  burst.  On  the  application  of  acids,  again  the  definition  of  the 
nucleus  may  be  seen  to  become  sharper,  followed  by  the  shrivelling  of  the 
nucleus,  whilst  the  material  which  suiTOunds  it  loses  its  well-defined  con- 
tour, becomes  paler,  and  gradually  disappeai-s.  Formed  elements  w4th  hard 
outlines  can  be  seen  to  swell  up  on  the  addition  of  alkaline  solutions. 
Lastly,  dissolved  coloring  matter  may  be  introduced,  and  the  gradual  pro- 
cess of  coloi*ation  of  the  formed  elements  or  of  certain  constituents  of  the 
prepamtion  may  be  witnessed. 

Preparation  op  Tissues. — If  the  constituents  of  the  tissue — that  is  to 
say,  the  formed  elements — do  not  form  a  solid  mass,  but  only  a  loose  tex- 
ture with  larger  or  smaller  interspaces  between  them,  no  special  preparation 
is  required  for  their  examination.  A  small  quantity  is  placed  upon  the 
slide,  and  covered  with  a  plate  of  thin  glass.  If  the  formed  elements  are  in 
too  close  juxta^josition,  a  drop  of  fluid  may  be  added.  It  is  to  be  borne  in 
mind,  however,  that  it  is  impossible  to  say  of  any  fluid  that  it  constitutes 
an  indiflerent  medium  for  fresh  tissues  of  all  kinds.  In  all  instances  we 
must  be  prepared  for  changes  taking  place.  Amongst  those  fluids  which 
are  most  indifferent  are,  the  fluid  of  the  aqueous  humor,  the  serum  of 
blood,  and  amniotic  fluid  in  which  a  little  metallic  iodine  *  has  been  dis- 
solved— the  so-called  iodized  serum  ;  finally,  veiy  diluted  solution  of  neu- 
tral salts  may  be  particularly  recommended.  If  the  formed  elements  have 
been  already  modified  in  their  chemical  characters  by  the  addition  of  other 
reagents,  if,  for  example,  they  have  been  soaked  in  a  dilute  solution  of  bi- 
chromate of  iK>tash,  or  of  chromic  acid,  water  alone  may  be  added.  Reagents 
which  induce  coagulation  of  the  formed  elements,  and  a  consequent  hard- 
ening of  the  tissues,  cause  them  also  to  become  cloudy.  In  order  to  exam- 
ine such  changed  elements  with  any  advantage  by  means  of  transmitted 
light,  it  is  customary  to  apply  highly  refractive  fluids,  which,  when  they 
penetrate  into  their  interior,  render  them  transparent.  The  employment 
of  these  means  has  led  to  very  remarkable  advances  in  microscopic  art. 

The  highly  refractive  medium  must  be  soluble  in  the  fluid  in  which  the 
tissues  had  previously  been  macerated.  Glycerine  is  a  highly  refractive 
liquid  of  this  nature,  and  it  is  soluble  in  water.  Tissues  can  therefore  be 
removed  from  watery  solutions  and  immersed  in  glycerine,  or  what  comes 
to  the  same  thing,  glycerine  may  be  directly  employed  as  a  fluid  for  mount- 
ing microscopical  preparations.  Oil  of  turpentine  is  still  more  highly  re- 
fractive, but  it  is  insoluble  in  water.  A  tissue  cannot  therefore  be  re- 
moved from  a  watery  solution  into  oil  of  turpentine.  But  alcohol  is  soluble 
both  in  oil  of  ttu*pentine  and  in  water.  If,  therefore,  it  be  desired  to  im- 
pregnate a  tissue  with  oil  of  turpentine,  it  is  first  removed  from  its  wateiy 
solution  into  absolute  alcohol,  and  from  this  into  the  turpentine.  In  cases 
where  the  tissue  forms  a  membrane,  it  is  only  requisite  to  spread  it  out  when 
fresh ;  to  add  a  drop  of  some  indifferent  fluid,  and  then  to  cover  it  with  a 
plate  of  thin  glass.  This  plan,  however,  is  only  feasible  when  the  membrane 
is  not  too  thick. 

*  The  amniotic  fluid  should  be  pure  and  almost  destitute  of  smell.  A  trace  of  pu- 
tredBction  renders  it  leas  available.  The  addition  of  iodine  colors  the  fluid  of  a  feeble 
ydkfwtiiit 
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As  a  general  rule,  fresh  tissues  are  more  or  less  transparent,  but  after 
death  they  become  cloudy.  When,  therefoi-e,  dead  membi-anes  are  spread, 
upon  the  slide,  ajid  are  required  to  be  examined  with  transmitted  light,  ifc 
is  necessary,  unless  they  are  extremely  thin,  to  add  some  highly  refract- 
ing fluid.  In  the  so-called  parenchymatous  organs — ^as  the  liver,  spleen^ 
and  others — in  the  paints  of  the  central  nervous  system,  and  in  bones — 
nothing  is  usually  to  be  seen,  either  in  the  fresh  or  in  the  hardened  condition, 
BO  long  as  the  connection  of  the  morphological  elements  is  not  disturbed.  It; 
is  requisite,  in  such  instances,  either  to  tease  out  small  portions  with, 
needles,  or  to  cut  very  thin  sections. 

a.  The  Prepakation  of  Specimens  by  Teasing.— 'Specimens  may  be  pre- 
pared in  this  way  on  the  slide,  a  very  small  quantity  of  fluid  being  added  : 
A  minute  fragment  of  the  tissue  should  be  placed  on  the  drop,  and  then 
seized  and  torn  by  two  sharp  needles.  Fibrous  tissues  can  then  be  unra- 
velled, as  far  as  the  vision  of  the  observer  and  the  optical  means  at  his  dis- 
posal will  allow.  The  breaking  up  of  tissues  in  this  way  is,  however, 
accomplished,  as  a  general  rule,  with  less  ease  when  fresh  than  after  they 
have  been  macerated.  The  connecting  substances  which  unite  the  formed 
elements  are  frequently  of  too  firm  a  consistence  to  allow  of  their  being  thus 
torn,  and  the  latter,  therefore,  are  the  first  to  yield,  so  that  it  is  rare  to  see 
the  formed  elements  whole  and  \ieviect.  In  such  cases  it  is  expedient  to 
macerate  the  tissues  for  some  time,  in  order  to  effect  the  solution  of  their 
connecting  material.  Solutions  of  potash  have  been  applied,  with  this 
object  in  view,  as  well  as  of  hydrochloric  acid,  bichromate  of  potash,  MuUer's 
fluid,  and  very  recently,  with  excellent  results,  iodized  serum.  lime  or 
baryta-water  is  to  be  recommended  for  the  isolation  of  the  fibrils  of  connec- 
tive tissue,  whilst  for  the  separation  of  the  fibres  of  transversely  striated 
muscles  the  tissue  should  be  macerated  in  very  dilute  sulphuric  acid,  at  a 
temperature  of  40°  C. ;  or  it  may  be  boiled  in  a  mixture  of  chlorate  of 
potash  and  hydrochloric  acid.  The  most  delicate  manipulation  of  all  is 
required  for  the  isolation  of  nerve  cells  and  their  processes. 

h.  The  Preparation  of  Specimens  by  Section. — It  is  only  in  some  rare 
instances  that  sections  can  be  made  of  animal  tissues,  either  when  fresh 
or  after  maceration,  of  sufficient  delicacy  to  allow  of  examination  with 
moderately  high  powers.  Teeth,  bono,  and  cartilage  constitute,  however, 
exceptions  to  this  statement.  Bone  can,  even  when  fresh,  be  cut  into  thin 
disks  with  saws,  which  may  then  be  rubbed  down  with  emery  on  a  rough- 
ened glass  plate,  and  polished  on  a  hone.  Cartilage  requires  no  prepara- 
tion, as  thin  sections  may  be  readily  cut  from  it  with  a  sharp  knife.  The 
teeth  are  too  brittle  for  the  application  of  a  saw.  They  should  be  attached 
to  a  cork  by  means  of  shellac,  and  rubbed  down  upon  a  whetstone.  As  a 
general  rule,  artificial  methods  of  hardening  the  tissues  must  be  employed. 
The  simplest  and  most  elegant  mode  is  that  of  refrigeration.  The  tissue  to 
be  examined  is  placed  in  a  little  platinum  capsule,  and  imbedded  in  the 
freezing  mixture ;  then,  as  soon  as  it  has  become  hard,  sections  may  be 
made  with  a  cold  knife.  A  second  method  of  hardening  that  is  in  constant 
use  is  that  by  means  of  alcohol.  The  tissue,  divided  into  smaU  pieces,  is 
placed  in  a  flask  containing  absolute  alcohol,  which  is  renewed  every  few 
days,  according  to  the  amoiint  of  water  present  in  the  object.  For  mem- 
branous tissues,  boiling  in  vinegar  was  at  one  time  adopted,  but  so  many 
better  plans  are  now  known,  that  it  has  with  good  reason  fallen  into  disusa 
If  it  be  desired  to  harden  the  tissues  by  boiling,  the  best  fluid  is  one  which 
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ooDsiste  of  eight  parts  of  water,  one  part  of  creosote,  and  one  part  of  vine- 
gar; in  this  the  tissues  should  be  allowed  to  boil  for  two  or  three  minutes, 
and  be  then  laid  out  to  dry.  After  two,  or  at  most  three,  days  it  acquires 
a  consistence  which  is  admirably  adapted  for  peimitting  sections  to  be  madct 
The  thin  sections  should  then  be  treated  with  a  little  dilute  acetic  acid,  in 
▼hidi  the  tissues  again  increase  in  volume,  and  they  can  then  be  examined 
either  in  water  or  in.  glycerine.  If  boiled  preparations  remain  for  a  long 
time  uncut,  they  gradually  acquire  such  consistence  that  they  are  no  longer 
appropriate  for  obtaining  sections.  This  inconyenience  has  led  to  the 
method  of  drying.  It  is,  indeed,  much  more  advantageous  to  dry  fragments 
of  tissue.  It  is  to  be  remembered,  however,  that  the  morphological  elements 
of  the  tissues,  in  all  these  modes  of  hardening,  are  not  so  \)eriect\y  preserved 
as  when  they  are  kept  in  fluids.  A  means  of  hardening,  of  very  general 
value  and  application,  is  found  in  chromic  acid.  This  should  be  applied  in 
lolution,  containing  0*25  to  2  per  cent.,  and  the  perfectly  fresh  tissue  ought 
to  be  placed  in  a  large  volume  of  the  acid  solution.  The  skin  and  all 
mucous  membranes,  the  intestines,  bladder,  and  conjunctiva,  become  in  the 
course  of  a  few  days  sufficiently  hard  to  permit  sections  to  be  made ;  and 
even  this  period  can  be  shortened  by  removing  the  preparation  from  the 
chromic  acid  solution,  and  immersing  it  in  alcohol,  where  it  may  remain  for 
twenty-four  hours.  The  proper  haitlening  of  the  brain  and  spinal  cord, 
however,  requires  a  longer  time.  Large  portions  generally  putrefy  in  the 
oeatre,  though  they  harden  at  the  surface.  These  parts  of  tho  nervous  sys- 
tem should  therefore  be  cut  into  small  fragments.  Here  also  the  subsequent 
application  of  alcohol  proves  of  great  service.  The  bichromate  of  potash 
acts  in  the  same  way  as  chromic  acid,  but  much  moi*e  slowly,  the  eflect  pro- 
duced in  a  few  days  by  the  latter  requiring  weeks  with  the  former.  At  the 
aame  time,  the  bichromate  of  potash  possesses  the  very  great  advantage  that 
the  tissues  saturated  with  it  do  not  become  friable.  Recently,  perosmic 
add  and  chloride  of  palladium  have  been  recommended  as  means  of  harden- 
ing, the  solution  containing  from  one-fifth  to  one-tenth  per  cent. 

Various  forms  of  apparatus  have  been  constructed,  by  means  of  which 
ine  sections  can  be  made.  It  would  be  undoubtedly  a  great  step  in  advance, 
if  they  could  be  made  in  any  way  which  would  render  us  independent  of 
manual  dexterity.  But  up  to  the  present  time  these  mechanical  means  have 
not  attained  sufficient  excellence  to  lead  to  theii-  general  adoption.  Sections 
are  therefore  still  always  made  by  the  hand,  and  their  beauty  depends  on  the 
greater  or  less  skill  of  the  operator.  The  knives  employed  should  always  be 
of  the  best  quality,  and  extremely  shai-p ;  scalpels  will  be  found  to  be  best 
adapted  for  objects  that  have  been  hardened  by  boiling,  whilst  large  flat 
blades  are  more  appropriate  for  those  that  have  been  hardened  in  fluids. 
The  sections,  when  made,  may  either  be  examined  without  further  addition ; 
or  they  may  be  first  prepared  by  means  of  needles,  or  be  freed  from  adher- 
ing or  imbedded  morphological  elements  by  the  frequent  use  of  a  soft  brush, 
or  by  blows  with  a  delicate  rod,  or  by  shaking  them  in  small  test  tubes.  If 
the  tissues  are  friable,  or  too  small  to  be  seized  by  the  fingers,  or  possess  a 
cavernous  structure  which  it  is  desirable  to  preserve,  or  if  they  present 
irregularities  and  projections  of  the  surface,  like  villous  processes,  or  papiUie, 
and  sections  of  these  are  required,  the  best  method  of  dealing  with  the  speci- 
men is  to  imbed  it. 

The  process  of  imbedding  consists  in  dipping  the  tissue  into  some  liquid 
which  will  easily  set,  even  at  the  ordinary  temperature  of  the  air.  For  this 
jnirpoae  we  may  employ,  first,  a  mixture  of  wax  and  oil,  and  secondly,  a 
ooAcentrated  solution  of  gum.     The  first  is  prepared  by  melting  oil  and 
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wax,  in  equal  proj>ortions,  in  a  porcelain  capsule,  by  the  heat  of  a  lamp. 
The  propor-tions  of  the  two  substances  can,  of  courae,  be  varied ;  and, 
according  to  the  peculiarities  of  the  case,  whether  it  is  required  to  be  a  lit- 
tle harder  or  softer,  nioi*e  wax  or  more  oil  must  be  added. '  The  piece  of 
tissue  which  is  to  be  imbedded  should  first  be  kept  in  alcohol  for  a  length 
of  time  sufficient  to  cause  it  to  be  thoroughly  impregnated  with  that  fluid, 
or,  perhaps  more  correctly  speaking,  till  the  water  it  contains  is  as  far  as 
possible  removed.  This  will  occupy  a-  longer  or  shorter  period,  in  propor- 
tion to  the  strength  of  the  alcohol ;  with  absolute  alcohol,  and  with  small 
pieces  of  tissue,  a  few  minutes  are  sufficient.  The  specimen  is  tfien  to  be 
placed  in  pure  oil  of  cloves,  which  is  far  preferable  to  the  oil  of  turpentine, 
that  at  one  time  was  so  generally  used,  partly  on  account  of  its  more  agree- 
able smelj,  pai"tly  because  it  is  not  so  volatile,  and  partly  also  because  it 
produces  a  consistence  in  the  preparation  more  favorable  to  the  obtainment 
of  firm  sections.  The  specimen  must  remain  in  the  oil  of  cloves  tilF  it  is 
transparent,  the  infiltration  of  the  oil  being  incomplete  so  long  as  any 
opaque  spots  remain  visible.  A  little  cone  of  paper  may  then  be  prepared, 
which  is  to  be  filled  with  the  mixture,  and  into  this  the  specimen  is  placed, 
whilst  it  is  still  fluid.  Before  the  mass  cools,  the  position  of  the  object 
should  be  noticed ;  and  when  it  has  become  firm  and  opaque,  its  situation 
may  be  indicated  by  a  mark  on  the  surface  of  the  wax,  through  which, 
when  perfectly  cold  and  hard,  the  section  can  be  carried.  The  section  must 
be  floated  off  from  the  knife.  Imbedding  is  best  adapted  for  very  delicate 
objects,  which  have  little  consistency,  and  which  cannot  well  be  seized  with 
forceps  or  needles.  A  portion  of  the  wax  will  always  be  removed  "wdth  the 
section,  and  this  must  be  detached  from  the  knife  by  the  aid  of  a  little  tur- 
pentine ;  the  preparation  will  then  float  off",  and  may  be  placed  upon  the 
slide,  or  in  a  little  cell,  without  further  trouble. 

If  the  prepai*ation  is  to  be  subjected  to  no  further  manipulation,  it  is 
floated  on  to  the  centre  of  a  slide,  the  superabundant  fluid  removed  with 
care,  and  a  drop  of  Canada  balsam  applied,  after  which  a  cover  is  placed 
upon  it.  The  preparation  is  by  this  means  completely  preserved,  and  can 
be  kept  in  this  state  and  fit  for  examination  for  years.  The  process  of  im- 
bedding in  gum  requires  greater  attention  to  minutiae ;  but  it  is  appropiiate 
for  specimens  which  contain  much  connective  tissue,  and  answers  for  them 
much  better  than  imbedding  in  wax.  The  preparation  need  not  be  impreg- 
nated with  oil.  It  may  be  macerated  for  twenty-four  hours  in  alcohol,  of 
ordinary  strength,  and  from  thence  be  removed  into  a  paper  cone  filled  with 
a  very  concentrated  solution  of  gum ;  the  whole  cone  must  then  be  immersed 
again  in  alcohol.  In  the  course  of  two  or  three  days  the  gum  acquires  a 
consistence  which  renders  it  very  tit  for  making  sections.  No  definite  state- 
ment can  be  made  in  regard  to  tlie  degree  of  this  consistence,  since  it  must  be 
proportionate  to  the  hardness  of  the  tissue.  Better  sections  are  made  of 
very  soft  tissues  when  they  are  imbedded  in  a  mass  which  is  not  too  hard, 
and  vice  versd.  The  sections  may  be  floated  off"  by  means  of  a  little  water, 
and  be  examined  after  the  addition  of  a  drop  of  glycerine ;  or  they  may  be 
subjected  to  further  manipulation.  In  the  former  case,  if  it  be  desired  to 
preserve  the  j^reparation  permanently,  the  excess  of  glycerine  is  to  be 
removed  from  the  edges  of  the  cover,  and  these  may  then  be  painted  with  a 
layer  of  varnish,  which  hardens  on  exposure  to  the  air.  For  this  jmi^wse 
a  solution  of  asphalt  in  turpentine,  the  so-called  asphalt  varnish,  or  some 
similar  material,  may  be  employed.  The  preservation  of  preparations  in 
glycerine  exerts  no  prejudicial  influence  upon  them,  and  when  it  can  be  used 
it  is  prefemble  to  Canada  balsam.     Sections  which  have  been  taken  out  of 
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water  may,  however,  be  placed  in  alcohol,  then  in  oil  of  cloves,  and  from 
thenoe  thej  may  be  removed  to  Canada  balsam,  in  which  they  may  be  pre* 
served. 

The  contours  of  morphological  elements,  not  previously  visible,  can  often 
be  made  evident  by  treating  the  preparation  with  certain  coloring  mattei's. 
The  principle  of  this  means  of  research  consists  in  the  circumstance  that 
various  constituents  of  the  tissues  become  quickly  stained  with  coloring 
matters,  or  combine  with  them,  whilst  others  do  not.  The  tissues  should  be 
dipped  in  the  solutions  of  the  coloring  agents,  allowed  to  remain  in  them  for 
some  time,  and  then  washed.  Cceteris  paribtM,  the  concentration  of  the 
solution  stands  in  inverse  relation  to  the  length  of  time  i-equired  in  order 
that  certain  effects  should  be  produced.  It  is  therefore  advantageous  to  use 
very  dilute  solutions,  and  to  prolong  the  time  of  their  action.  The  more 
gradual  this  is,  the  more  scope  is  afforded  for  exact  researches. 

A  division  of  the  coloiing  i*eagents  can  be  made — fii*st,  into  those,  the 
solutions  of  which,  when  examined  by  transmitted  light,  show  the  same 
absorption  coloi-s  they  impart  to  the  tissues. ;  secondly,  into  those  which  im- 
part to  the  tissue  one  of  their  own  proper  absorption  colors;  and  lastly,  into 
those  whose  solutions  absorb  no  definite  color,  or  are,  as  we  are  accustomed 
to  say,  colorless. 

In  the  two  last-mentioned  cases,  after  saturation  with  the  fluid,  some  chem- 
ical process  must  take  place.  An  example  of  the  first  kind  is  seen  in  car- 
mine, the  alkaline  solutions  of  which  impart  their  own  color  to  the  tissues ; 
an  example  of  the  second  kind  is  met  with  in  chloride  of  gold,  the  solutions 
of  which  are  pale  yellow,  whilst  the  tissues  that  are  saturated  with  it  assume 
a  violet  tint ;  and  an  example  of  the  third  kind  is  found  in  nitrate  of  silver, 
the  solutions  of  which  are  colorless,  but  yet  stain  the  tissues  of  a  dark  brown 
hue.  The  secondary  chemical  change  may  either  occur  without  further  addi- 
tion, or  some  means  must  be  employed  to  induce  it.  When  the  tissues  are 
macerated  in  dilute  solutions  of  perosmic  acid,  they  assume,  sooner  or  later, 
according  to  their  chemical  nature,  a  black  color,. without  any  addition ;  but 
those  which  have  been  in  solutions  of  nitrate  of  silver  require  exposure  to 
li^t  before  the  chemical  change,  which  consists  in  the  precipitation  of  silver, 
will  occur.  Gerlach  introduced  the  method  of  examination  by  staining  the 
preparation  into  practice.  His  first  experiments  were  made  with  carmine. 
At  the  present  time,  however,  many  coloring  agents  are  employed ;  speci- 
mens may  be  stained  with  tincture  of  saffron,  with  anilin,  with  indigo-car- 
mine, hematoxylin,  and  picric  acid  ;  and  also  wiih  nitrate  of  silver,  chloride 
of  gold,  chloride  of  palladium,  and  perosmic  acid. 

When  fresh  membi'anes  are  to  be  acted  on  by  nitrate  of  silver  or  chloride 
of  gold,  the  pieces  should  be  cut  from  the  living  animal,  and  thrown  into 
the  solution  without  further  preparation.  The  solution  should  be  kept  in  a 
dark  place  as  long  as  the  action  is  allowed  to  ])roceed;  the  preparation 
should  then  be  recovered  by  means  of  .shai-p-pointed  glass  rods,  washed,  and 
phioed  in  the  light. 

After  fragments  of  tissue  are  taken  out  of  solutions  of  silver,  they  may 
be  placed  in  alcohol  or  glycerine,  and  then  exposed  to  light ;  or  the  specimen 
may  be  prepared  for  microscopic  examination  in  glycerine,  and  allowed  to 
remain  in  it  for  twenty-four  hours.  Preparations  which  have  been  in  solu- 
tion of  chloride  of  gold,  after  having  been  thoroughly  impregnated  with  it, 
should  be  placed  in  water  slightly  acidulated  with  acetic  acid. 

If  the  action  is  required  to  be  more  intense,  the  membrane  is  to  be  well 
brushed,  before  it  is  removed  from  the  staining  fluid,  with  a  wet  brush. 
This  is  the  best  method  of  procedure,  for  example,  with  the  centrum  tendi- 
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neum  of  the  rabbit,  which  shoiiM  be  thus  brushed  both  on  the  abdominal 
and  on  the  thoracic  surface,  whilst  the  cornea  need  only  be  brushed  on  the 
anterior  surface,  and  then  removed  from  the  liquid. 

In  non-membranous  tissues,  just  as  in  those  which  require  to  be  broken 
or  cut  up  for  microscopical  examination,  the  prepai^ed  specimen  may  be 
tinted  whilst  on  the  slide,  after  which  it  may  be  washed,  and  then  covered 
in  the  usual  manner. 

Solutions  of  coloring  matters  which  only  act  on  the  fresli  tissues,  as,  for 
example,  nitrate  of  silver,  can  obviously  only  be  applied  to  sections  made 
from  recent  and  therefore  necessarily  frozen  tissues.  On  the  other  hand, 
coloring  agents  which,  like  carmine,  do  not  affect  the  fresh  tissues,  can  only 
be  applied  to  sections  which  have  been  made  from  dried  specimens,  or  from 
those  which  have  been  hardened  by  chemical  i-eagents.  The  particular  mode 
of  treatment  adapted  to  each  tissue  will  be  desciibed  in  the  several  chapters 
devoted  to  the  consideration  of  each.  The  results  obtained  depend  very 
much  on  the  measures  adopted,  though  it  was  thought  it  would  prove  of 
advantage  to  give  here  a  general  account  of  them. 

Besides  the  mode  of  staining  the  tissues  effected  by  dipping  them  in  vari- 
ous solutions,  another  may  be  mentioned  in  which  colored  fluids  are  injected 
into  the  vessels.  Formerly  injections  were  only  made  with  the  object  of 
rendering  the  lymph  or  blood-vessels  visible  by  means  of  colored  material, 
and  the  structure  of  the  vascular  walls  was  wholly  disregarded ;  but  in  the 
present  day  injections  are  made  with  the  object  of  exhibiting  the  structure 
of  the  parietes  of  the  vessels.  For  this  purpose,  for  example,  a  solution  of 
nitiute  of  silver  may  be  injected.  Where,  however,  a  solution  of  this  kind 
is  employed,  the  tube  which  is  introduced  into  the  vessel,  and  termed  the 
canula,  must  be  made  of  glass  or  platinum,  and  be  connected  with  the  syringe, 
which  should  be  constructed  of  the  same  material,  by  means  of  an  in(£ar 
inibber  tube. 

Instead  of  the  syringe,  an  apparatus  may  be  applied  in  which  the  injec- 
tion fluid  is  propelled  by  the  pressure  of  air.  This  mode  of  injecting,  tirst 
introduced  into  practice  by  Ludwig,  is  far  more  certain  and  elegant  than  the 
old  method  of  the  syringe.  The  injection  fluid  is,  once  for  all,  placed  in  a 
Woulf 's  flask,  the  size  of  which  is  appropriate  to  the  quantity  of  fluid 
required  to  be  used.  Into  one  neck  of  the  flask  a  tube  is  inserted  air-tight, 
and  reaching  to  the  bottom,  the  upper  extremity  of  which  is  bent  at  a  right 
angle,  and  drawn  out  into  a  point :  the  other  neck  of  the  flask  is  surmounted 
with  a  short  and  also  rectangularly  bent  tube.  When  this  is  connected  with 
an  apparatus  from  which  air  can  be  driven  under  a  definite  pressure,  the 
injecting  fluid  must  be  expelled  from  the  opposite  tube.  If,  now,  a  canula 
connected  with  a  short  india-rubber  tube  has  been  fastened  into  a  blood- 
vessel, and  has  been  subsequently  filled  with  an  indiflferent  fluid  by  means 
of  a  pointed  glass  tubule,  the  apparatus  can  be  at  once  put  into  action ;  and 
when  it  is  seen  that  tlie  injecting  fluid  begins  to  be  discharged  at  the 
pointed  extremity  of  the  tube  connected  with  the  Woulf 's  flask,  that  point 
is  quickly  introduced  into  the  india-rubber  tube  of  the  canula,  and  the 
apparatus  is  allowed  to  work  as  long  as  the  injection  will  last.  The  mer- 
curial apparatus  of  Hering  is  well  adapted  for  the  expulsion  of  atmospheric 
air.  If  this  is  not  to  be  obtained,  I  apply  the  jet  of  the  waterpipe  on  the 
same  principle.  The  atmospheric  pressure  of  the  apparatus  is  measured  by 
means  of  a  manometer,  and  the  rapidity  with  which  the  injection  is  forced 
onward  can  be  regulated  by  retarding  or  accelerating  the  entrance  of  the 
mercury  or  water. 

When  the  blood-vesrels  are  to  be  injected,  the  canula  must  in  all  instances 
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be  iatroduced  and  fJEtstened  into  the  vessel ;  but,  in  the  case  of  lymph-ves- 
sels, according  to  Ludwig,  the  canula  need  only  be  stuck  into  the  tissue,  and 
firmly  tied  to  it. 

The  point  of  the  canula  should  be  cut  like  a  pen,  and  there  should  be  a 
groove  behind  the  aperture  to  prevent  the  ligatui*e  from  slipping.  In  the 
injection  of  blood-vessels,  all  means  of  escape  should  be  stopped,  with  the 
exception  of  one ;  and  when  the  fluid  flows  freely  from  that,  no  more  fluid 
should  be  injected.  The  injecting  fluid  distributes  itself  gradually  through 
all  parts,  if  the  pressure  be  steadily  maintained.  Even  though  it  is  dis- 
charged to  some  extent  at  one  point,  injections  with  solutions  of  sUver  should 
be  kept  up  for  at  least  half  an  hour,  under  very  gentle  pressure ;  and,  in  this 
case,  it  is  not  requisite  to  tie  any  vessels  when  the  injection  is  completed. 
It  is  only  requisite  to  throw  the  tissue  into  dilute  alcoliol,  in  order  to  pre- 
serve it  pei*fectly.  When  it  is  only  required  to  show  the  blood-vessels,  and 
not  the  parietes  of  the  vessels,  colored  fluids  should  be  employed ;  and  if  the 
arteries  and  veins  are  to  be  distinguished,  each  system  must  be  separately 
injected  with  a  fluid,  which  must  not  ti-averse  the  capillaries.  The  ma- 
terial in  which  the  coloring  matter  is  suspended  is  usually  wax,  and  the 
coloring  substance  some  granular  pigment,  as  vermilion,  red  lead,  etc.  The 
injection  can  only  be  satisfactorily  made  with  a  warm  syidnge  and  warm 
tissues,  as  otherwise  it  cools  too  rapidly.  After  an  injection  of  this  kind 
has  been  made,  the  structure  of  the  tissues  can  no  longer  be  investigated. 
We  can  only  discern  one  or  more  layers  formed  by  the  ramification  of  the 
vessels,  and  of  course  the  object  can  only  be  examined  by  direct  light.  In- 
jections thus  made  are  also  used  for  the  so-called  corrosion  preparations.  In 
the  production  of  these,  the  organ,  after  being  injected,  is  immersed  in  some 
reagent  which  destroys  the  tissue,  whilst  it  leaves  the  injected  mass  intact. 
The  form  of  the  vascular  network  is  thus  obtained  in  colored  wax,  and  such 
preparations  can  be  put  up  in  various  ways  under  glass  and  in  frames.  In- 
jections made  with  transparent  solutions  are  now  very  common.  A  canula 
is  inserted  into  an  artery,  and  the  fluid  allowed  to  discharge  itself  by  a  vein. 
The  dissolved  material  penetrates  the  capillaries  whilst  the  coarsely  granular 
pigment  is  stopped  in  the  larger  vessels.  In  such  preparations  it  is  obvious 
that  no  diflerence  can  be  seen  between  the  arteries  and  the  veins ;  but,  in 
this  condition,  they  are  not  fit  for  microscopic  examination.  It  is  still 
requisite  to  harden  them  by  fi'eezing  mixtures,  or  by  means  of  alcohol,  and 
then  to  make  fine  sections.  In  these  injections  it  is  always  requisite  that  a 
certain  fulness  and  tension  should  be  given  to  the  vessels;  their  forms  then 
assume  greater  definition,  and  are  generally  more  similar  to  their  natuml 
condition.  On  this  account  it  is  advantageous  to  dissolve  the  coloring  mat- 
U^r  in  something  which  will  readily  coagulate,  and  which  consequently 
affords  all  the  advantages  of  a  hardened  tissue.  Fine  gelatine  is  usually  em- 
ployed, and  is  dissolved  in  water  over  a  water  bath,  the  coloring  matter 
already  in  solution  being  then  added,  and  the  warm  mass  introduced  into  a 
Woulfs  bottle,  which  again  must  be  immersed  in  a  warm  water  bath.  The 
injection  with  gelatine  is  sufficiently  tedious  if  required  to  be  done  thoroughly, 
as  the  mass  stiffens  too  easily.  The  organ  to  be  injected  should  therefore 
be  brought  into  a  warm  room,  and,  where  practicable,  placed  over  a  water 
bath  which  is  adjacent  to  the  former  one. 

The  coloring  matters  usuaUy  employed  are  Prussian  blue  and  carmine ; 
the  ktter  not  in  a  state  of  complete  solution,  but  partly  precipitated  by  the 
addition  of  a  little  weak  acid  from  its  alkaline  solution.  Thiersch,  whose 
transparent  injections  are  perfect  models  of  this  kind  of  art,  uses  a  trans- 
parent green  and  yellow.     He  obtains  the  former  from  chromate  of  potash 
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and  nitrate  of  lead,  the  latter  from  a  mixture  of  this  with  blue.  When  the 
injection  with  gelatine  is  completed,  the  open  vessels  must  be  tied,  and  the 
organ  introduced  or  suspended  in  alcohol  contained  in  a  wide-necked  bottle, 
pressure  being  carefully  avoided.  In  order  to  obviate  the  inconveniences 
of  the  method  of  injecting  with  warm  fluids,  BeaJe  recommends  a  fluid  that 
can  be  used  cold,  consisting  of  coloring  matter,  water,  glycerine,  and  traces 
of  hydrochloric  acid.  When  the  organ  has  been  injected,  it  is  placed  in 
absolute  alcohol,  and  then  treated  as  before.  This  mode  of  injection  is  very- 
convenient,  the  vessels  acquiring  a  very  pretty  color ;  but  they  can  only  be 
used  on  organs  possessing  a  certain  consistence. 

Lastly,  the  method  of  self-injection  occupies  an  important  position  amongst 
the  various  modes  of  injection.  It  has  long  been  practised  in  the  case  of 
the  vascular  system  of  the  frog.  A  pointed  glass  tube,  filled  with  the  col- 
ored injecting  fluid,  is  inserted  into  the  vena  cava,  and  distributed  through 
the  system  by  the  force  of  the  heart  itself.  KUhne  and  Chrzonszczewsky 
have  just  injected  the  biliary  vessels  of  living  animals  by  means  of  coloring 
matter  introduced  by  the  jugular  vein.  Toldt  has  very  recently  practised 
a  similar  method  for  injecting  the  lymphatics.  In  the  case  of  the  biliary 
ducts  a  coloring  material  (ind^o-carmine)  in  solution  is  employed,  in  order 
that  it  may  be  transmitted  through  the  liver  cells  into  the  ducts ;  but  in  the 
case  of  the  lymphatics  a  granular  pigment  (anilin)  pi-ecipitated  by  water  from 
it«  alcoholic  solution,  is  introduced  into  the  blood.  Connected  with  the  in- 
troduction of  granular  pigment  is  the  method  of  coloring  organs  through 
the  agency  of  the  food,  which  has  of  late  years  assumed  so  much  importance. 
This  subject  will  be  treated  of  at  length  in  the  first  chapter  of  this  work. 
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CHAPTER  I. 

THE  GENERAL  CHARACTERS  OF  CELLS. 

Br  S.  STRICKER 

Ikbepenbexce  or  Cells. — In  the  year  1835,  Job.  Miiller  commenced  an 
essay  on  OrganUm  and  Life^  with  the  following  words  of  Kant :  "  The 
cause  of  the  particular  mode  of  existence  of  each  part  of  a  living  body  re- 
sides in  the  whole,  while  in  dead  masses  each  part  contains  this  cause  with- 
in itself." 

From  this  quotation  it  is  sufficiently  evident  what  role  was  at  that  time 
ascribed  to  the  microscopic  constituents  of  the  body  from  the  point  of  view 
taken  by  biologists.  Fibres,  cells,  spheroids,  and  granules  were  distinguished 
under  the  microscope,  and  it  was  stated  that  these  structures  were  not  inde- 
pendent so  far  as  their  growth  was  concerned,  but  were  subject  to  the  influ- 
ence of  the  vessels.  They  were  on  this  account  differentiated  from  vege- 
table tissues,  which  were  supposed  to  possess  an  independent  existence.  A 
few  experiments,  however,  led  to  the  establishment  of  cei-tain  analogies  be- 
tween vegetable  and  animal  cells.  Job.  Miiller  himself,  for  example,  pointed 
out  the  analogy  that  obtains  between  the  cells  of  the  chorda  dorsalis  and 
T^etable  cells ;  and  subsequently,  when  "Valentin  discovered  the  nuclei  of 
the  cells  of  the  epidermis,  he  commented  upon  their  similarity  to  those  of 
the  cells  of  plants. 

Henief  made  a  decided  step  in  advance  when  he  proved  that  the  epidermis 
cells,  as  they  become  more  superficial,  increase  in  diameter.  An  instance 
was  thus  given  of  increase  without  the  intermediation  of  vessels.  SchwannJ 
seized  the  various  analogies  and  points  of  relation  between  the  cells  of  ani- 
mals and  plants  in  a  comprehensive  and  fundamental  proposition.  Animal 
ceUs,  he  said,  are  completely  analogous  to  vegetable  cells,  and  are  quite  as 
independent  in  their  mode  of  growth.  The  vessels  of  the  animal  body 
only  cause  variations  in  the  distribution  of  the  nutritious  fluid. 

Job.  MuUer  §  at  once  and  unreservedly  adopted  this  proposition.  His 
observation,  that  the  works  of  Schwann  were  the  most  remarkable  that  had 
hitherto  appeared  in  the  domain  of  histology,  certainly  greatly  aided  the 
rapid  acceptance  they  everywhere  obtained. 

Virchow  had  already  compared  the  whole  organism  to  a  free  state,  con- 
taining individuals  endowed  with  equal  privileges  if  not  with  equal  powera. 
The  views  entertained  of  the  physiological  significance  of  the  constituents 
of  the  tissues,  and  especially  of  the  animal  cells,  became,  in  consequence, 
completely  modified.  An  impulse  leading  to  the  further  extension  of  these 
ideas  resulted  from  the  examination  of  the  lower  forms  of  animal  life.  Du- 
jardin  |  had  discovered  in  the  year  1835  a  contractile  substance  capable  of 
movement  in  the  lower  animals,  to  which  he  applied  the  name  of  sarcode. 

*  PhyMogie,  Band  1.,  iaS5. 

t  8ymb.  ad.  Anat.  viU.  intest.    Berlin,  1887. 

X  2i%kro9kf^ri9ehe  Untersuchungen^  1839. 

§  Jahresberieht,  1839.  , 

I  Annal.  des  Sci.  Ifat,  Tom.  vii. 
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The  singularly  interesting  phenomena  exliibited  by  the  living  sarcode  has 
attracted  the  attention  of  many  observers,  as  Meyen,*  Hnxley,  Max 
Schultze,  and  Joh.  Muller.  It  was  regarded  as  limited  to  the  lower  ani- 
mals ;  and  though  destitute  of  nerves,  the  possession  of  irritability  was  as- 
cribed to  it.t  Meyen's  attempt  to  show  that  the  Infusoria  were  unicellular 
organisms  was  indeed  refuted,  but  it  was  admitted  that  a  little  mass  of 
sarcode  constituted  a  living  and  independent  being. 

The  discovery  of  Siebold,J  that  the  vitelline  spheres  of  the  egg  of  the 
Planaiise  exhibit  alternate  contractions  and  dilatations,  which,  under  favor- 
able conditions,  continue  for  hours,  and  the  various  subsequent  discoveries 
of  similar  movements,  or  changes  of  form  occurring  in  the  colorless  blood 
corpuscles,  in  pigment  cells,  and  elsewhere,  have  led  Kolliker§  to  express 
the  opinion  that  the  contents  of  all  cells  are  contractile. 

Virchow  ||  gave  a  still  more  precise  expression  of  opinion  when  he  stated 
that  ciliary  movement  is  to  be  attributed  to  a  contractile  substance ;  to 
which  conclusion  he  was  drawn  by  the  discover}'  that  under  certain  circum- 
stances these  movements,  after  having  ceased,  could  again  be  excited  by 
dilute  solutions  of  the  fixed  alkalies. 

^y^^  %  referred  to  the  significance  of  the  movements  occurring  in  the 
spherules  of  the  yolk,  which  he,  in  common  with  Ecker,  regarded  as  evident 
phenomena  of  life. 

Ktlhne  **  undertook  a  series  of  comparative  physiological  and  chemical 
researches  on  muscular  substance  and  sarcode,  and  pointed  out  the  similar- 
ity of  the  phenomena  they  presented  in  the  act  of  dying. 

By  all  of  these,  however,  the  sarcodal  substance  was  regarded  as  something 
different  from  animalcules,  and  as  a  material  siai  generis. 

Max  Schultzeff  was  the  first,  to  show  that  sarcode  is  analogous  to  the 
body  or  contents  of  animal  cells,  and  that  on  this  account  the  infusorial 
animacules  possessed  of  independent  life  were  simple  or  compound  (fused 
inter  ae)  cells.  Schwann's  views  received  support  from  these  statements. 
According  to  the  new  doctrine,  the  cell  was  the  typical  form  element  of 
nearly  the  whole  organic  kingdom.  The  previous  inquiries  on  the  contrac- 
tile sarcode  could  now  be  applied  to  the  knowledge  of  the  animal  cell,  and 
the  renewed  parallel  investigations  between  sarcode  and  the  protoplasm  of 
the  plant  on  the  one  hand,  and  of  animal  cells  on  the  other,  undertaken 
by  E.  Bracke,JJ  E.  Hackel,g§  Max  Schultze,||||  and  W.  Kuhne,lt  have,  in 
very  shoiii  space  of  time,  advanced  our  knowledge  on  these  points  to  a 
greater  extent  than  the  investigations  of  the  preceding  twenty  yeai-s. 

Briicke,  who  regards  the  cells  as  elementary  organisms,  admirably  ex- 
presses the  ideas,  the  development  of  which  has  been  lightly  sketched  in 
the  following  passage : — 

**  If  we  consider,"  he  says,  "  how  complicated  the  mechanical  arrange- 
ments must  be  which  lie  at  tlie  root  of  the  spontaneous  movements  of  cells. 


See  the  general  literature  of  this  subject  in  E.  Hackel,  Die  Eadtciarien,  1862. 

See  Max  Schnitzels  Organism  d.  PoLythalamien^  1854. 
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Elementar-Organismen^  Wiener  Sitzungsherichte^  1861. 
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and  if  we  consider  further  that  up  to  the  present  time  we  have  only  paid 
attention  with  the  microscope  to  obvious  and  perceptible  movements,  and 
that  no  i^egard  has  been  paid  to  the  arrangements,  by  virtue  of  which  the 
little  organism  nourishes  itself,  increases  in  size,  and  begets  its  like,  nor  any  to 
those  means  by  which  it  displays  its  specific  attributes ;  if  we,  I  say,  con- 
sider all  this,  we  must  necessarily  recognize  that  we  have  to  deal  here  with 
an  oi^ganism,  the  complication  of  which,  although,  truly,  noc  comparable 
with  that  of  an  animal,  nor  affording  any  good  reason  for  believing  that  it 
IB  itself  composed  of  innumerable  small  organisms,  yet  constitutes  one  to 
which  we  may  fairly  attribute  the  possession  of  a  highly  artificial  structure, 
the  essential  architectural  elements  of  which  are,  however,  completely  be- 
jond  our  grasp.'' 

Ideal  Type  of  a  Cell. — Johann  MuUer  proved  that  the  cells  of  the 
chorda  dorsalis  possessed  proper  walls.  In  similar  cells  from  the  frog, 
Schwann  demonstrated  the  existence  of  a  nucleus,  and  was  by  this  discovery 
first  led  to  perceive  the  analogy  between  the  cells  of  animals  and  plantfi. 
Here,  then,  we  have  a  cavity  bounded  by  walls,  in  the  interior  of  which  is 
a  nucleus. 

Scarcely  any  structure  is  to  be  met  with  in  the  whole  range  of  animal 
tissues  which  is  more  suggestive  of  comparison  with  that  which  the  botanists 
caU  a  ceU.     (See  p.  28.) 

All  animal  cells  were  at  this  time  considered  to  be  constructed  on  the 
same  principle,  being  held  to  possess  a  cell  wall,  enclosing  a  cavity,  in  which 
were  fluid  contents  and  a  nucleus ;  when  the  membrane  was  not  visible,  it 
was  either  supposed  to  have  burst,  or  was  admitted  to  be  present.  In  the 
cells  of  the  egg  a  membrane  was  recognized  by  Krause,*  from  the  presence 
of  a  double  contour  line.  This  mode  of  proof  was  not,  however,  strongly 
supported.  C.  H.  Schultz  considered  he  was  able  to  exhibit  the  membrane 
of  the  blood  corpuscles  by  the  action  of  water  upon  them,  inasmuch  as  they 
swelled  up  in  this  fluid,  and  assumed  a  spherical  form ;  he  also  believed  the 
nucleus  revolved  in  the  interior  of  the  sphere. 

The  corpuscles  of  pus  and  of  mucus  had,  however,  even  in  the  eyes  of 
Schwann,  no  distinctly  demonstrable  membrane ;  he  regarded  them  as  minute 
roundish  masses,  containing  a  nucleus,  which  might  be  termed  cells,  because 
this  was  the  elementary  form  of  all  animal  and  vegetable  cells. 

In  accordance  with  the  ge/ieral  views  of  Schwann,  respecting  the  analogy 
of  animal  and  vegetable  cells,  the  ideal  type  of  a  cell  was  constructed. 

Individual  and  scattered  opposition  to  this  ideal  type  of  a  cell  was  ineffec- 
tual so  long  as  the  whole  theory  of  Schwann  was  contested,  as  it  was,  for 
example,  by  Aniold.f 

With  sure  footing,  and  still  resting  on  Schwann's  conclusions,  Leydig  also 
abandoned  the  scheme  of  cell  construction  already  mentioned.;^  He  main- 
tained that  the  contents  of  the  cell  are  of  higher  dignity  than  the  membrane, 
and  constitute  the  material  basis  for  the  sensible  and  irritable  processes ;  and 
that  the  conception  of  a  cell  requires  the  presence  of  only  a  little  mass  of 
substance,  enclosing  a  nucleus.  The  cell  membrane  is,  in  his  view,  only  the 
hardened  external  layer  of  the  cell  substance. 

Max  Schultze  was,  however,  the  first  who  effectually  directed  the  views  of 
histologists  away  from  the  idea  of  the  vesicular  construction  of  cells.     As 

♦  Mailer's  ArMv,  1837,  p.  189. 

!8ee  his  Anatomie^  1845,  Band  i,  p.  144. 
Loe.  eU. 
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has  already  been  stated,  Max  Schultze  had  himself  furnished  a  new  definition 
of  a  cell,  which  constituted  an  extension  of  the  theory  of  Schwann.  Max 
Schultze  also  defined  the  cell  to  be  a  little  clump  of  matter  (protoplasm), 
with  a  nucleus.  The  importance  of  this  definition,  however,  did  not  lie  in 
the  fact  that  the  existence  of  a  membrane  in  many  cells  was  denied — that 
had  been  already  more  or  less  positively  stated  before  Max  Schultze.  The 
essential  point  was,  that  the  identity  of  the  so-called  cell  contents  with  the 
primary  animal  substance,  or  sarcode,  was  clearly  recognized. 

Little  advance  had,  indeed,  been  made  in  the  way  of  establishing  a  basis 
of  life  ;  for  nothing  more  was  known  of  the  processes  which  take  place  in 
the  living  substance,  than  of  those  that  were  carried  on  in  vesicles — per- 
haps still  less — for  all  the  phenomena  of  diffusion  were  intelligible  on  the 
vesicular  theory,  whilst  it  was  difficult  now  to  account  for  them.  Natural- 
ists, however,  were  familiar  with  irritable  independently  existing  animals, 
but  not  with  the  idea  of  an  iiTitable  and  independent  vesicle  obtaining  its 
food  by  the  laws  of  diffusion.  The  conception  of  a  living  cell  body,  or 
elementary  organism  (Briicke),  has  been  an  exceedingly  satisfactory  one  to 
biologists,  on  the  same  principle  that  it  gives  us  a  great  degree  of  satisfac- 
tion to  be  able  to  attribute  to  some  familiar  circumstance  a  noise  in  our 
sleeping  apartment,  on  the  origin  of  which  we  have  long  speculated  in  vain. 

Those  membranes  of  the  animal  cell  which  did  not  exhibit  a  double  contour,  were 
compared  by  intelligent  histologists,  not  with  the  cellulose  investment,  but  with  the 
primordial  utricle  of  the  cells  of  plants.  Botanists*  distinguished  a  cellulose  invest- 
ment in  the  cells  of  plants,  within  which  is  the  protoplasm  that  includes  the  nucleus 
and  the  solid  and  fluid  contents  of  the  cell.  The  protoplasmic  mass  externally,  where 
it  comes  into  contact  with  the  wall  of  cellulose,  was  supposed  to  be  invested  by  a  veiy 
thin  membrane — the  primordial  utricle.  But  Pringsheimf  has  shown  that  such  a 
primordial  utricle  does  not  exist,  the  protoplasm  lying  in  apposition  with  the  inner  sur- 
face of  the  cell  wall.  The  term  protoplasm  has  already  been  brought  into  use  by 
Remak  for  the  contents  of  animal  cells.  Max  Schultze  proposed  to  apply  the  term  to 
the  Uying  mass  of  the  cell,  and  since  then  the  word  protoplasm  has  been  very  gener- 
ally employed. 

Max  Schnitzel  takes  the  embryonal  cell  as  the  basis  and  staii^ing-point  of 
his  definition.  "  The  most  important  cells,"  he  remarks,  *'  those  in  which 
the  fulness  of  cell  life,  the  unlimited  power  of  tissue  formation,  is  most  dis- 
tinctly evident,  are  clearly  the  embiyonal  cells,  which  proceed  from  the 
division  of  the  cells  of  the  ovum.  We  may  see  in  these  the  true  archetype 
of  a  cell,  and  yet  they  only  consist  of  a  little  mass  of  protoplasm  and  a 
nucleus.  Both  the  nucleus  and  the  protoplasm  are  products  of  the  division 
of  similar  constituents  of  another  celL  Such  cells  include  a  living  force  in 
their  interior,  essentially  possessed  by  the  protoplasm,  although  it  is  true 
that  the  nucleus  likewise  plays  an  important  pai-t,  not  hitherto  known  with 
sufficient  accuracy.  The  protoplasm  is  no  farther  isolated  from  external 
objects  than  by  the  circumstance  that  it  will  not  combine  with  the  surround- 
ing medium,  and  that  it  constitutes,  with  the  nucleus,  a  single  whole.  A  dis- 
tinct membrane  may,  indeed,  appear  on  the  sui-face  formed  by  the  converaion 
of  the  outer  layer  of  the  protoplasm,  but  then  it  must  be  allowed  to  be  an 
early  indication  of  a  retrograde  process.  A  cell  invested  by  such  a  mem- 
brane can  no  longer  divide — that  is  a  power  possessed  by  the  enclosed  pro- 
toplasm alone.     A  cell  with  a  membrane  differentiated  in  its  chemical  char- 


♦  H.  V.  Mohl,  Vermisehte  Schriften,  Botan,  InJutUs,  1845. 

{Bau  und  BUdung  d,  Fflamemdlm^  1854. 
Loc,  dt. ,  p.  8. 
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meters  from  the  enclosed  protoplasm,  is  like  an  encysted  infusorial  animal- 
cule," 

Brticke*  goes  a  step  fai*ther  in  his  definition  of  a  cell,  maintaining  that  no 
proof  has  been  given  that  the  nucleus  is  indispensable  to  our  conception  of 
it.  He  rests  his  statement  etisentially  on  the  fact  that  cells  are  known  to 
occur  in  the  ci-yptogamia  in  which  no  nucleus  is  visible.  "  We  have,"  he 
Bays,  "  no  positive  information,  either  respecting  the  origin  or  the  function 
of  the  nucleus ;  even  the  constancy  of  its  occurrence  appears  to  be  subject 
to  certain  limitations,  especially  if  we  consider  the  cells  of  cryptogams,  and 
do  not  start  with  the  presupposition  that,  even  in  those  cases  where  no 
nucleus  is  visible,  it  must  nevertheless  be  present."  The  opinion  of  Briicke 
undoubtedly  gains  in  weight,  the  more  carefully  the  subject  is  considered. 

Max  Schultzef  has  discovered  a  non-nucleated  Amoeba  (Amoeba  porrecta) 
in  the  Adriatic ;  £.  Hackel  ^  a  larger  non-nucleated  Protista  (I^rotog&nes 
primortiialis)  in  the  Mediterranean ;  and  lastly,  Cienkowski  §  has  described 
two  non^nucleated  monads,  namely,  Monas  amyli  and  Protomonas  amyli. 
Hackel  states,  in  reference  to  his  protista,  that  it  propagates  by  division. 

It  is,  moreover,  a  fact,  first  made  known  by  V.  Baer,  that  the  germinal  vesicle 
of  the  impregnated  egg — that  is,  the  nucleus  of  the  ovum — vanishes,  and 
that  the  further  process  of  development  commences  with  a  new  genei*ation 
of  nucleL  I  must  express,  in  regard  to  the  egg  of  the  frog,  my  entire 
concurrence  with  V.  Baer  in  legard  to  the  question  at  issue.  I  have  under- 
taken a  great  number  of  comparative  investigations  between  fertilized  and 
unft^ilized  ova  in  the  same  mode  as  that  employed  by  him,  and  have  found 
a  germinal  vesicle  in  the  latter  as  a  rule,  whilst  in  the  former  there  is  only  a 
cavity  left,  or  even  a  total  absence  of  any  trace  of  its  existence.  But  the 
ova  of  the  more  highly  organized  animals  pass,  as  is  well  known,  through 
various  stages  or  grades  of  development  till  they  reach  a  state  in  which  their 
life  terminates,  and  these  ascending  stages  of  development  may,  without 
straining  the  point,  be  generally  compared  with  the  ascending  grades  of 
organization  wliich  characterize  the  existing  world.  It  is  thei*efore  but  a 
step  to  admit  that  the  commencing  stages  of  the  process  of  development 
correspond  to  the  lowest  forms  of  animal  life.  The  existence  of  the  non- 
nucleated  cryptogams  and  of  the  non-nucleated  protista  which  are  now 
known,  speak  strongly  in  favor  of  such  an  analogy. 

Bat  if  we  desire  to  be  logical,  if  we  do  not  desire  to  advance  the  state- 
ment that  the  non-nucleated  boclies  of  the  lower  plants  and  animals  and  the 
fertilized  ovum  occupy  an  unique  and  isolated  position  which  is  not  assumed  by 
any  other  being  in  the  whole  scale  of  creation,  we  must  exclude  the  nucleus 
as  an  unnecessary  factor  in  the  ideal  type  of  an  elementary  organism.  We 
must  also  in  future  apply  the  histological  term  cell  to  the  morphological 
elements  of  the  higher  animals  or  to  independent  living  organisms,  even  if 
we  are  unable  to  discover  anything  more  in  their  structure  than  that  they 
are  little  masses  of  animal  sarcode  or  protoplasm.  Nor  will  any  essential 
change  be  made  in  our  views  even  if  it  be  hereafter  proved  that  there  are 
cases  where  the  nucleus  is  not  only  present  but  plays  an  extraordinaiily  im- 
portant role. 

1 1  have  shown  that  little  masses  of  protoplasm,  destitute  of  nuclei,  and 


♦  Die  Elementar-Orgammnm^  pp.  18—22. 

}   Organism  der  PdytJutlanUen^  1854. 
Zeitschrift  fur  icm.  ZooL,  1865,  Band  xv. 
§  Max  Schnitzels  Archie,  1865. 
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which  might  be  presrimed  to  be  the  remains  of  cells,  may  still  present  some 
of  the  phenomena  of  life.  I  also  now  know  that  in  other  places  where  many 
young  cells  are  collected  together,  fragments  or  minute  separated  particles 
occur  about  the  size  of  a  nucleus,  which,  if  they  become  attached  to  the 
slide,  sometimes  exhibit  very  lively  iDovements,  and  this  especially  if  the 
object  plate  be  wai*med  to  from  68^  to  70^  Fahr. 

May  we  now,  in  consequence  of  our  new  definition,  consider  these  little 
masses  as  cells?  and  shall  we  be  justified  in  giving  this  name  to  all  the 
minute  particles  which,  when  ai-med  with  instruments  of  still  greater  pene- 
tration, we  may  be  able  to  perceive  and  find  capable  of  spontaneous  move- 
ments ?  In  the  present  state  of  our  knowledge  we  shall  certainly  reply  in 
the  negative.  We  shall  continue  to  regard  such  minute  masses  as  living  or 
organized  matter  without  reference  to  their  size,  so  long  as  the  optical 
means  of  research  at  our  disposal  do  not  permit  us  to  make  the  observa- 
tions necessary  for  a  different  statement. 

We  cannot,  however,  term  these  masses  cells,  any  more  than  we  can 
apply  the  name  of  the  whole  annual  to  the  excised  heart  of  a  tortoise.  In 
order  that  we  should  apply  the  term  "  cell "  to  such  an  isolated  fragment  of 
living  substance,  it  is  necessary  that  we  should  recognize  the  whole  group 
of  phenomena  which  are  characteristic  of  an  independent  animal — an  inde- 
pendent organism. 

Physiological  Peculiarities  of  Cells. — Contractile  substance,  or  pro- 
toplasm, appears,  when  examined  w^ith  the  best  microscoi)es,  to  be  homoge- 
neous, or  destitute  of  structure.  It  rarely  occurs,  however,  in  a  pure  state  ; 
for  small  particles  are  usually  imbedded  in  it,  which  have  either  been  taken 
up  from  without,  or  have  formed  in  the  interior  as  a  consequence  of  chemi- 
cal processes.  If  the  protoplasm  contain  many  colored  corpuscles,  the  cell 
is  termed  a  pigment  cell ;  if  it  contain  fat  molecules,  a  fat  or  granide  cell. 
The  presence  of  small  colorless,  dull,  or  shining  granules  is  indicated  by 
the  term  granular  applied  to  the  cell,  and  of  such  cells  two  kinds  are  dis- 
tinguished— those  that  are  coarsely  and  those  that  aie  finely  granular. 

When  other  kinds  of  material  are  contained  in  the  cell,  their  presence  is 
indicated  by  appropriate  terms.  It  is  thus  usual  to  speak  of  starch-holding 
cells,  and  the  like. 

Since  the  researches  of  Hackel  (see  p.  34)  have  shown  ns  that  foreign  mattero  caxx 
penetrate  into  the  interior  of  the  protoplasm,  the  origin  of  all  sach  particles  must  be 
investigated.  We  must  determine  in  every  case  whether  a  body  which  lies  in  the 
interior  of  the  cell  is  the  result  of  some  chemical  process  in  the  interior  of  the  proto- 
plasm, or  has  been  introduced  from  without.  If  particles  of  coloiing  matter  are 
artificially  caused  to  enter,  as  has  been  successfully  accomplished  by  Recklinghausen, 
Max  Schultze,  Billroth,  Cohnheim,  and  others ;  then  the  question  as  to  whence  the 
coloring  matter  proceeds  is  answered  by  the  experiment  itsell  But  it  is  more  difficult 
to  decide  from  whence  those  bodies  that  are  found  imbedded  in  cells  proceed,  which, 
occur  without  the  agency  of  the  experimenter.  The  determination  of  this  point  may 
prove,  however,  of  extraordinary  importance.  Since,  for  example,  Preyer  showed 
that  portions  of  red  corpuscles  are  eaten  by  the  amcsboid  ceUs  of  the  frog,  we  could 
not  admit  without  much  proof  that  the  presence  of  red  corpuscles  in  the  interior  of 
the  white  was  due  to  the  development  of  the  former  in  the  interior  of  the  latter. 

The  consistence  of  protoplasm  varies  within  moderately  wide  limits.  It 
may,  like  a  fluid,  form  drops,  assuming,  when  in  small  quantities,  a  spherical 
form,  or  may  extend  itself  upon  the  slide  like  a  gelatinous  body;  or,  lastly, 
it  may  contract  up  into  a  resistant  ball. 

Protoplasm  may  therefore  be  said  to  be  fluid,  or  solid,  or  gelatinous.    Its 
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states  of  aggregation  are  subject  to  coustant  change,  and  none  of  the  ordi- 
naiy  terms  employed  for  this  purpose  will  be  in  all  cases  accurate. 

Protoplasm  is  termed  a  living  substance,  and  the  application  of  this  term 
is  based  upon  its  exhibiting  the  sum  of  those  phenomena  which  we  have 
learned  by  experience  to  be  characteristic  of  living  animals.  These  phe- 
nomena are  active  or  spontaneous  movement,  nutrition  and  growth,  and  the 
capability  of  reproducing  its  like. 

The  movement  of  cells  is  easily  to  be  seen.  The  changes  of  which  it  is 
the  result  take  place  in  so  short  a  space  of  time  that  they  may  be  followed 
with  the  eye.  The  growth  of  the  cell  is  a  process  of  a  slower  nature,  and 
cannot  be  directly  ob^rved ;  nor  has  any  one,  as  yet,  been  able  to  place  the 
cells  under  the  microscope,  under  such  favorable  conditions  as  to  witness 
their  increase  in  size.  We  must  therefore  be  led  by  analogy  to.  the  conclu- 
sion that  this  really  takes  place. 

Various  observations  have  been  directly  made  on  the  nutrition  of  unicel- 
lular animals.  It  may  be  seen  how  they  take  up  foreign  bodies,  and  nutii- 
tious  material,  into  their  bodies,  and  some  of  the  changes  of  the  material 
introduced  may  be  followed.  It  is  difficult  to  observe  the  mode  of  nutrition 
that  occurs  in  the  cells  of  the  com{K>und  animal  body,  because  the  nutiitive 
materials  are  brought  to  them  in  the  form  of  solution  in  the  juices  of  the 
animal  body.  Moreover,  the  processes  by  which  the  dissolved  substances 
penetrate  the  oells  is  concealed  from  our  observation. 

The  act  of  reproduction  depends  on  two  separate  processes ;  first,  on  the 
growth  of  the  mother-cell,  and  secondly,  on  the  detachment  of  the  daughter- 
cell  (birth).  The  latter  alone  is  subject  to  direct  observation,  and  usually 
this  only  is  undei-stood  when  reproduction  is  under  consideration. 

Phekoxena  OP  Movement  in  Cells. — ^We  conclude  that  movement  occurs 
in  cells,  either  from  certain  movements  of  the  giunules  that  are  imbedded 
in  the  protoplasm,  or  from  the  occurrence  of  certain  changes  in  the  form  of 
the  protoplasm  itself.  The  movement  of  the  granules  in  this  case  is  a  passive 
movement.  The  granules  which  have  been  introduced  from  without,  as  well 
as  those  which  have  developed  in  the  interior,  providing  they  are  not  too 
heavy,  move  as  the  result  of  the  action  of  the  forces  we  are  about  to 
consider. 

The  movement  of  the  granules  is  either  continuous  or  vibratory. 

The  continuous  movement,  again,  presents  two  foi-ms ;  first,  a  relatively 
slow  progression,  corresponding  to  and  following  the  changes  of  form  of 
the  cell. 

Engelmann*  states  particularly  he  has  observed,  in  the  corpuscles  of  the 
cornea,  that  they  begin  to  move  in  order,  from  before,  backwards,  and  refers 
to  similar  observations  of  Hofmeister  on  the  Plasmodia  of  the  Myxomycetss. 

Secondly,  There  is  a  swifter  flowing  movement  that  far  exceeds  the 
dianges  of  form  of  the  protoplasm  in  rapidity. 

Max  Schulize  describes  the  movement  of  the  granules  in  the  threads  of 
nroode  that  the  Foraminifera  project  through  the  apertures  of  the  shell,  as 
a  gtiding  or  streaming  motion  of  granules  imbedded  in  a  sarcodal  substance.f 
^As  the  passengers  in  a  broad  street  swarm  together,  so  do  the  granules  in 
(me  of  the  broader  threads  make  their  way  by  one  another,  oftentimes  stop- 
ping and  hesitating,  yet  always  pursuing  a  determinate  direction,  corre- 
^nding  to  the  long  axis  of  the  thread.    They  frequently  become  stationary 


*  Ueber  die  HomhmU.     Leipzig,  1867. 
f  J>a8  Protopkum  d.  Bhieopoden,  p.  11. 
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in  the  middle  of  their  course,  and  then  turn  round ;  but  the  greater  num- 
ber pass  to  the  extreme-  end  of  the  thread,  and  then  reverse  the  direction  of 
their  movement."  It  cannot  be  doubted  that  these  continuous  motions 
depend  on  vital  processes  in  the  cells.  At  all  events,  we  are  acquainted 
with  no  analogous  phenomeua  in  unorganized  bodies. 

The  vibratory  movement  of  the  granules  calls  to  mind  the  so-called  mole- 
cular movement  of  Brown.  It  may  be  witnessed  in  the  salivary  corpuscles, 
and  under  certain  conditions  in  the  colorless  blood  corpuscles,  pus  corpuscles, 
and  othei^s.  On  this  account  it  has  been  doubted  whether  these  movements 
really  depend  on  the  vital  properties  of  the  protoplasm.  Such  movements, 
it  may  be  observed,  occur  also  in  dead  cells,  as  in  the  case  of  granules  that 
have  escaped  from  cells  undergoing  disintegration,  which  continue  to  move, 
provided  that  the  medium  they  enter  does  not  present  any  obstacle. 

Similar  movements,  too,  are  found  in  cells  that  are  clearly  living.  The 
dancing  movement  ceases  in  the  interior  of  the  corpuscles  of  saliva  on  the 
cautious  addition  of  a  solution  of  common  salt,  containing  from  ^  to  1  per 
cent. ;  but  this  still  permits  the  movements  of  fresh  pus  or  lymph  corpuscles 
to  continue. 

Kecklinghausen*  has  described  similar  phenomena  in  the  latter  kind  of 
corpuscles.  When  the  menstruum  is  diluted  with  water,  they  become 
spherical  (an  experiment  that  had  already  been  performed  by  H.  Miiller 
and  lieinhardt),t  and  the  granules  in  their  interior  begin  to  dance  ;  but  as 
soon  as  the  fluid  becomes  somewhat  more  concentrated  in  consequence  of 
evaporation  from  the  margins  of  the  cover,  this  vibratory  movement 
ceases,  and  the  corpuscles  commence  again  to  undergo  their  customary- 
changes  in  form. 

We  see  here,  then,  clearly  enough,  that  two  phenomena  alternate :  if  the 
corpuscles  are  spherical,  the  granules  dance  in  their  interior;  but  if  the  cor- 
puscles undergo  changes  of  foim,  then  the  granules  cease  to  vibi*ate.  It  is 
rai'e  to  see  the  so-called  molecular  movements  in  cells  which  change  their 
shape.  It  may,  however,  be  occasionally  observed  in  the  colorless  blood 
corpuscles  of  the  newt,  after  the  addition  of  water.  The  question  whether 
the  vibratory  movement  of  the  granules  stands  in  relation  to  the  life  of  the 
protoplasm  is  only  applicable  to  such  living  cells. 

Briicke  X  has  referred  to  the  possibility  of  this  connection,  in  consideration  of  the 
circumstanoe  that  the  movements  are  arrested  by  inductiou  currents  of  sufOident 
intenrnty. 

Bottcher.^  on  the  other  hand,  has  expressed  his  doubt  upon  the  existence  of  any- 
such  connection,  on  the  ground  that  the  grannies  which  vibrate  in  the  cells  continue 
the  same  movement  when  they  have  escaped  from  the  interior  (by  bursting  of  the 
cells),  provided  that  the  medium  into  which  they  pass  is  of  an  appropriate  nature. 

Neumann  I  founded  his  objection  on  the  fact  that  the  vibratile  movement  still 
occurred  in  cells  which  were  dead  or  on  the  point  of  death. 

The  idea  of  a  connection  existing  between  the  movement  and  the  life  of  the 
protoplasm  is  essentially  based  upon  these  facts ;  first,  that  the  cells  in  which 
it  occurs  are  living  cells,  and  secondly,  that  changes  in  the  phenomena  of 
life  induce,  or  are  followed  by,  changes  in  the  motion  of  the  gi-anules.     In 


•  Virchow's  Archiv,  Band  xxviii. 
+  Virchow's  Are/aVy  Band  i. 

i  Ueber  die  sogenannte  Mdecularen^  **0n  the  so-called  Molecules,"  Wiener  Sitxunga^ 
berichte,  1862. 

§  Virchow's  Arohiv^  Band  xxxv. 
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the  mean  time,  observation  of  the  movement  of  the  granules  alone  cannot 
enable  ns  to  draw  any  conclusion  in  regard  to  its  dependence  on  life,  so  long 
as  it  is  only  a  vibratoiy  and  not  a  progressive  movement,  and  so  long  as 
some  peculiarities  are  not  discovered  in  these  vibratory  movements,  whicli 
justify  such  a  conclusion. 

a.  Changes  in  Form  of  the  entire  mass  of  the  protoplasmic  mass  are  most 
strongly  marked  in  the  lower  forms  of  animal  life. 

Max  Schultze,*  in  his  description  of  the  mode  in  which  the  A  moeba  of 
Ehrenberg  or  Proteus  (O.  F.  Mailer)  obtains  its  food,  furnishes  the  following' 
lively  picture  of  its  movements : — 

When  an  Amoeba  approximates  another  animal  whose  movements  are  not 
so  swift  as  to  enable  it  to  escape  from  its  enemy,  it  embraces  it  with  its 
many-stalked  body.  The  processes  meeting  on  either  side,  coalesce,  and 
after  thus  investing  the  whole  mass  with  animal  substance,  the  Amoeba 
maintains  its  grasp  tUl  it  has  abstracted  all  the  portions  that  are  soluble. 
On  account  of  this  remarkable  peculiarity  of  the  Amoeba,  those  cells  which 
possess  the  power  of  spontaneously  moving,  are  termed  amoeboid  cells.  It 
is  rare,  however,  for  the  cells  of  the  more  highly  organized  animals  to  move 
so  rapidly  as  the  Amoeba  itself. 

Their  movements  are  either  limited  to  gradual  change  of  form,  or  to  the 
protrusion  of  processes  which  either  drag  the  rest  of  the  body  after  them,  or 
are  again  withdrawn.  The  processes  may  assume  the  form  of  threads,  swell- 
ings, tuberous  elevations,  or  broad  flattened  projections  or  tufts,  and  may 
present  the  greatest  diversities  of  form. 

If  the  alterations  in  shape  are  desired  to  be  accurately  noted,  the  cell 
must  be  placed  upon  a  slide,  or  on  a  piece  of  tissue,  or  may  even  be  attached 
to  the  cover ;  for  if  the  cells  swim  in  fluid,  it  is  possible  they  may  turn,  and 
thus  present  ditfei*ent  surfaces  to  the  observer.  No  conclusion  can  be  drawn 
respecting  the  life  of  a  cell,  from  the  observation  of  a  single  change  of  form, 
duce  it  is  impossible  to  ascertain  whether  some  unknown  physical  influence 
may  not  have  wrought  the  change.  Those  altei-ations  of  form  only  which 
may  be  perceived  in  the  object  when  the  field  of  view  is  stationary,  and 
▼hen  the  object  is  adherent  to  the  slide,  and  which  are  frequently  repeated, 
enable  us  to  determine  the  presence  of  life  in  it. 

Conversely  also,  we  must  not  consider  a  quiescent  protoplasmic  mass  as 
neoessaiily  dead,  even  if  we  are  unable  artificially  to  excite  movement  by 
means  of  reagents.  The  protoplasmic  substance  may  possibly  be  encapsiUed 
vhen  it  is  not  in  a  state  to  change  its  form,  and  even  if  it  be  naked,  some 
imknown  cause  may  hinder  its  movements.  Hence,  it  cannot  be  said 
that  the  salivaiy  corpuscles  are  dead,  because  as  a  rule  they  do  not  change 
their  external  form. 

Protoplasmic  corpuscles  are  not  only  able  to  change  their  form,  but  their 
place  also ;  they  can  wander.  This  is  accomplished  by  the  protrusion  of 
one  portion  of  their  mass,  which  drags  the  rest  after  it.  If  such  alterations 
of  form  are  repeated  several  times,  and  in  the  same  direction,  locomotion  is 
effected. 

It  must  not  be  overlooked  that  entire  cells  may  exhibit  vibratory  move- 
ments in  fluids  obviously  subject  to  the  laws  of  the  Brunonian  molecular 
movements.  The  stellate  blood  cori^uscles  of  mammals,  for  example,  do  so 
as  a  role.  Such  vibratory  movements  are  to  be  clearly  distinguished  from 
the  migrations  of  cells.     Cells  can  only  move  from  place  to  place  when  rest- 

♦  Pat^alafmm,  1854,  p.  8. 
3 

Digitized  by  VjOOQ IC 


34:  THE   GENERAL   CHAJ^ACTTERS   OF   CELLS. 

ing  on  a  firm  baBis.  They  may  swim  in  fluids,  owing  to  the  agency  of  cur- 
rents, but  not  through  their  own  active  movements. 

The  capability  of  moving  from  one  place  to  another,  possessed  by  the 
Amceba,  has  long  been  known.  The  migratory  power  of  the  Foraminifer&, 
by  means  of  the  processes  of  their  structureless  substance  protruded  throiigbi 
the  openings  of  their  shell,  has  also  been  frequently  observed.  But  Reck- 
linghausen* was  the  first  to  notice  that  the  cells  in  complex  animal  bodies 
can  also  perform  movements  of  locomotion,  and  by  his  observation  intro- 
duced a  fact  to  our  knowledge  having  a  very  wide  and  important  bearing. 

E.  Hiickel,  whilst  injecting  Thetis  fimbria  with  indigo,  discovered  that 
fine  particles  of  coloring  matter  could  penetrate  into  the  interior  of  the 
blood  corpuscles.  The  artificial  introduction  of  coloring  matters  into  cells 
is  now  termed  giving  them  a  supply  of  food.  If,  into  the  medium  in  which 
the  cells  are  suspended  (for  example,  blood  plasma),  a  finely  granular  color- 
ing matter  be  introduced,  some  of  the  particles  of  the  latter  are  soon  found 
to  cleave  to  the  surface  of  the  cells,  and  to  pass  from  thence  into  their 
interior. 

By  the  aid  of  this  mode  of  supplying  food,  Recklinghausen  has  furnished 
the  important  proof  that  pus  corpuscles  are  not  always  generated  where 
they  are  found.  He  has  shown  that  pus  corpuscles  can  migrate  into  the 
meshes  even  of  a  dead  cornea,  and  has  by  this  observation  opened  up  a  new- 
path  for  every  department  of  pathological  inquiry.  These  also  are  matters 
of  fact  that  exert  no  little  influence  on  physiology  generally.  If  have 
myself  shown  that  in  the  construction  of  the  body  of  the  embryo,  the 
movement  of  masses  of  cells  to  form  the  rudiments  of  organs,  depends  on 
the  migration  of  the  embryonal  cells  within  the  ovum.  Cohnheim  t  has  also 
very  recently,  by  demonstrating  that  the  colorless  corpuscles  can  leave  the 
vessels,  and  migrate,  and  that  there  may  be  a  transplantation  of  living  cells 
from  one  organ  into  another,  and  from  one  region  of  the  body  to  another, 
furnished  us  with  information,  the  impoi-tance  of  which  cannot  at  present 
be  estimated. 

Hering  §  has  endeavored  to  explain  the  passage  both  of  colored  and  of 
colorless  blood  corpuscles  through  the  walls  of  the  vascular  system,  by  com- 
paring it  with  the  filtration  of  colloidal  substances.  But  in  whatever  way 
the  process  may  be  explained,  the  fact  remains  that  the  white  corpuscles 
leave  the  interior  of  the  vascular  system,  and  are  thus  enabled  to  traverse 
various  regions  of  the  body. 

In  statmg-  that  protoplasm  is  capable  of  aotive  or  vital  movements,  we  have  by  no 
means  admitted  the  existence  of  an  immaterial  foroe.  Ed.  Weber  |  has  expressed  him- 
self very  decidedly  upon  this  point,  and  at  the  present  day  the  position  he  took  up  is 
still  tenable.  **  According  to  my  view,"  said  Weber,  "  the  movements  of  any  living 
body  are  not  dependent  upon  two  kinds  of  force — namely,  first  upon  f oroes  which  are 
exerted  on  this  body  by  other  bodies,  and  secondly  upon  forces  which  are  exerted  on 
this  body  by  life  ;  but  there  is  only  one  kind  of  foroe  on  which  the  movements  of  all 
bodies  depend — namely,  the  force  which  is  exerted  on  it  by  other  bodiea*'  We  name 
the  movements 'of  certain  bodies  **  vital,"  in  the  sense  that  the  f  oroes  which  we  then 
call  into  play  are  subject  to  certain  other  varying  influences,  and  we  denominate  the 
apparatus  and  the  processes  of  which  these  influences  are  the  result,  *^  organization  '* 
and  "life." 

It  is  customary  also  to  call  the  vital  movements  of  protoplasm  spontetneous.     Bat 


*  Virchow's  ArcJUd^  Band  xxviiL 
I  Wiener  Sitoungsberichte,  1864. 
I  Virchow's  ArehWy  Band  xi. 
>  Wiener  Sitaungsberichta,  1808. 
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Hu  only  shows  that  we  are  ignorant  of  the  forces  by  whieh  the  moyements  are  origi- 
nated and  fniHtained.  We  no  longer  term  the  moyement  of  striated  muscle  spontane- 
008.  becanae  we  know  the  external  influences  or  stimuli  through  which  it  can  be  ex- 
a^td.  And  so  also  there  can  be  no  doubt  that  as  soon  as  we  have  acquired  a  knowl- 
edge of  all  the  external  influences  by  which  movements  in  protoplasm  can  be  induced, 
we  shall  oeaae  to  term  them  spontaneous.  Thus,  in  an  analogous  case,  we  say  the 
production  of  heat  by  ooal  is  immediately  dependent  on  our  placing  it  on  the  fire,  i.e. 
on  nising  its  temxierature.  Here  the  process  of  heating  is  the  external  influence  or 
BtimuiuB  which  induces  a  change  in  the  molecular  structure ;  and  as  a  consequence  of 
this  molecular  change,  active  force  is  set  free,  which  becomes  perceptible  to  us  in  the 
forai  of  heat.  The  production  of  heat  by  carbon  is  an  independent  power,  dependent  on 
the  veiy  nature  of  its  substance,  but  it  is  by  no  means  a  spontaneous  power.  The  an- 
alofjj,  however,  has  only  a  one-sided  value,  since,  if  the  coal  is  once  burnt,  it  can  gen- 
erate no  new  active  force ;  but  the  contractile  substance  is  capable  of  restitution. 

The  moTements  of  contractile  substances  may  be  altered,  accelerated,  re- 
tarded, or  altogether  stopped,  by  external  influences  (stimuli),  which  may 
vary  greatly  in  kind  and  degree. 

Amongst  the  known  conditions  that  exert  an  influence  on  the  movements 
oi  protoplasm,  we  may  enumerate  the  variation  of  temperature.  The  old- 
eat  reference  to  this  fact  was  made  by  Weber,*  when  he  said  the  movement 
of  dlia  could  be  accelerated  by  warmth.  Kiihnef  also  remarked  that  the 
motions  of  amoebae  could  be  arrested  by  iced  water,  but  that  on  raising  the 
temperature  they  recommenced. 

Since  ^lax  Schultze|  has  made  the  warming  of  the  slide  an  important  as- 
sistance in  micro-physiological  investigations,  we  have  learnt  that  the  loco- 
motiTe  cells  of  warm-blooded  animals  can  maintain  their  movements  for  a 
long  time,  external  to  the  organism,  if  kept  at  the  ordinary  temi>erature  of 
the  animal  from  which  they  have  been  taken.  We  are  unable,  however,  to 
give  any  precise  statements  possesaing  general  application,  respecting  the 
influence  of  temperature. 

Stiil,  as  a  general  rule,  an  exaltation  of  a  few  degrees  above  the  tempera- 
tare  at  whieh  the  organisms  customarily  live,  accelerates  their  movements, 
whilst  a  corresponding  depression  retards  them.  If  the  temperatui*e  ex- 
ceed certain  limits,  however,  their  life  is  imperilled.  The  eggs  of  trout, 
for  instance,  undergo  segmentation  capitally  in  iced  water,  but  in  a  warm 
room  soon  die. 

The  influence  of  temperature  on  the  movement  of  cells  is  a  point  of  par- 
ticDlar  interest  in  reference  to  their  migration.  Max  Schultze  §  has  demon- 
stated  that  the  colorless  corpuscles  of  human  blood  are  capable  of  eflecting  a 
eomiderable  amount  of  locomotion  at  a  temperature  of  from  100°  Fahr.  to 
lU4^  i<\dir.  It  is  well  known  how  gi*eat  is  the  influence  of  particular  tem- 
peratures on  the  development  of  the  egg,  and  even  if  the  movement  of  the 
cells  is  not  the  chief  £su:tor  in  this  process,  it  certainly  plays  a  very  import- 
tut  part  in  it.  We  may  readily  conceive  that  an  analogovis  influence  must 
be  exerted  by  any  increase  of  temperature  occurring  in  pathological  processes. 

A  peculiar  eflfect  of  temperature  is  described  by  Kiihne,||  as  observable 
in  the  fresh-water  amoeba,  which  at  95°  Fahr.  assumes  a  spherical  form. 

lastly,  Peremeschko*"  states  that  the  large  cells  at  the  bottom  of  the  yolk 
cavity  in  the  eggs  of  fowls,  contract  and  dilate  at  a  temperature  of  frcm 
89.3°  Fahr.  to  93°  Fahr. 


*  Ganstatt's  Jahresbericht,  1847,  p.  59. 
Dot  Protoplasm.    Leipzig,  1864. 
Schnitzels  AreMv,  Band  i 
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h.  Mechanical  Influences. — Kiihne  was  the  first  to  comment  on  the 
effects  of  indirect  mechanical  initation,  stating  that  after  he  had  stimulated 
the  margin  of  the  coraea  in  a  frog,  he  saw  stellate  coq^uscles  become  fusiform. 

I  *  have  made  a  few  experiments  on  the  effects  of  direct  mechanical  irri- 
tation, and  have  observed  that  when  blood  diluted  with  a  solution  of  com- 
mon salt,  containing  one-half  per  cent.,  is  placed  under  a  cover,  and  this 
last,  by  the  withdrawal  of  the  fluid,  is  allowed  to  sink  to  such  an  extent 
that  the  white  corpuscles  are  flattened  out,  they  alter  their  shape  with  con- 
siderable vivacity,  especially  if  they  are  allowed  to  remain  in  this  position 
for  some  time.  If  now  a  drop  of  fluid  is  brought  to  the  margin  of  the 
cover,  this  will  again  be  raised  from  the  slide  in  proportion  to  the  quantity 
added.  The  flat  corpuscles  may  now  be  observed  to  contract  into  small  an- 
gular lumps,  and  after  a  short  time  to  change  from  this  into  a  moderately 
expanded  form. 

The  compressed  corpuscles  here  behave  like  the  muscles  of  ineects  under  the  com- 
pressorium,  which  continue  their  movements  for  a  time,  even  when  the  pressure  up- 
on them  prevents  any  increase  in  thickness.  It  is  evident  from  this  experiment  that 
protoplasm  is  an  elastic  body,  since  it  contracts  when  the  extending  force  is  removed. 
The  contraction,  however,  appears  to  correspond  here  with  the  elasticity  of  the  ini- 
tated  substance,  because  a  shortening-  occurs  which  is  not  maintained.  An  additional 
argument  in  favor  of  this  view  is,  that  the  experiment  is  more  successful  when  it  is 
tried  a  second  or  third  time.  The  corpuscles  then  contract  much  more  energetically 
than  at  first. 

c.  Electrical  Stimuli. — The  action  of  electric  currents  on  protoplasm 
is  very  variable. 

The  excitation  of  amoeboid  movements  by  means  of  weak  induction  cur- 
rents has,  up  to  the  present  time,  only  been  observed  by  Kiihne  in  amoebae, 
and  by  Golubew  in  certain  white  corpuscles  of  the  blood  of  the  frog. 

Kiihne  f  saw  amoebae  assume  a  spheroidal  form,  when  made  to  form  part 
of  a  constant  current ;  whilst,  after  exposure  to  an  intermittent  current,  the 
stellate  corpuscles  of  the  cornea  became  fusiform,  and  then  reassumed  their 
original  shape. 

GolubewJ  states,  from  experiments  made  in  Rollett's  laboratory,  that 
after  being  repeatedly  irritated  the  cells  become  flattened,  but  even  in  that 
state  exhibit  changes  of  form.  If  stronger  stimuli  are  applied  to  them  in 
this  condition,  the  disc-like  mass  again  contracts  and  becomes  spheroidal. 
He  further  observes  that  the  fusiform  colorless  cells  of  the  blood  of  the 
frog,  which  present  no  spontaneous  movements,  when  moderately  irritated, 
contract  to  spheroidal  mswses,  but  soon  again  revert  to  their  original  shape. 
I§  have  observed  contractions  and  dilatations  to  take  place  in  embryonal 
capillary  vessels  after  the  action  of  induction  currents. 

Kiihne  II  has  observed  the  following  law  of  contraction  in  the  protoplasm 
of  Actinophrys  eichhomii  during  the  action  of  a  constant  current : — 

Positive  ix)le,  or  Negative  pole,  or 

electrodo  eloctrode 

entrance  of  cnrrentk  exit  of  current. 

Closore Contraction        -        -        -        -  0 

Current  passing  -        -        -        -           Tetanus            -        -        -        -  0 

Opening 0 Contraction. 


Wiener  Sitzungsberichte^  1867. 
Log.  cit. 

Wiener  Sitzungsberic/Ue,  1868. 
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After  being  exposed  to  the  action  of  moderately  strong  induction  currents, 
protoplasm  assumes  a  spheroidal  form.  This  observation  was  first  made  by 
Kiihne  in  the  amoeba,  and  has  since  been  coiToborated  by  Neumann,  in  re- 
gard to  the  colorless  corpuscles  of  human  blood,  and  by  Golubew  in  those 
of  the  frog.  Ktlhne  states  that  amcebae  which  have  become  spherical  from 
the  action  of  induction  currents,  after  a  short  time  recommence  their  ordi- 
nary movements.  Golubew  makes  the  same  remark,  but  observes  that  the 
movements  of  the  colorless  corpuscles  of  the  frog  are  of  a  more  undulatory 
character,  though  they  send  out,  as  usual,  pointed  processes. 

According  to  Neumann  and  Golubew,  when  strongly  initated,  the  granules 
in  the  spherical  cells  exhibit  vibratory  or  so-called  molecular  movements. 

Briicke  *  saw  salivaiy  corpuscles  burst  under  the  influence  of  strong  induc- 
tion currents.     Kiihne  witnessed  a  similar  phenomenon  in  an  amoeba. 

Kahne  describes  the  spheroidal  condition  of  the  amoeba,  produced  by  stimuli,  as  a 
kind  of  tetanus,  and  considers  that,  in  the  state  of  maximum  contraction,  these  ani- 
mals aasame  a  spherical  form. 

Hermann,  however,  suggests  an  essentially  different  explanation.  It  is  possible, 
he  remarks,  that  the  excitation  diminishes  certain  resisting  forces  which  have  previ- 
ously prevented  the  cell  from  assuming  a  spherical  form.  The  spherical  form  there- 
fore, he  thinks,  may  correspond  either  to  the  state  of  rest,  or  to  the  state  of  tetanus. 

Kistiakowsky  f  haa  observed  an  acceleration  of  ciliary  movement  to  be 
produced  by  the  constant  current. 

Engelmann  J  gives  the  following  series  of  laws  of  this  action : — 

{a)  Every  variation  in  the  intensity  of  the  current,  whether  positive  or 
negative,  providing  it  be  sudden,  acts  as  an  excitant. 

(6)  A  single  variation  in  the  intensity  of  the  current  inddces  a  series  of 
alternate  contractions  and  relaxations. 

(c)  A  single  excitation  induces  changes  which  may  be  divided  into  three 
stages :  That  of  latent  excitation  (which  with  opening-induction  shocks  is 
scarcely  perceptible,  and  is  hence  generally  longer  the  weaker  the  shock) ; 
secondly,  the  stage  of  increasing  energy  (which  also  lasts  longer  in  propor- 
tion to  the  feebleness  of  the  shock) ;  and,  lastly,  the  stage  of  diminishing 
energy  (which  is  so  much  the  more  rapid  the  weaker  the  shock). 

(</)  The  closure  of  a  constant  current  is  a  stronger  stimulus  than  its 
opening. 

(e)  The  direction  in  which  the  current  traverses  ciliated  cells  appears  to 
have  no  influence  on  the  amount  of  irritation  exerted. 

{/)  The  movement  may  be  retarded  by  the  application  of  a  very  strong 
electrical  current,  or  may  even  be  altogether  stopped,  the  cell  at  the  same 
tune  being  destroyed.  The  same  thing  occurs  on  producing  long-continued 
tetanization  with  strong  alternate  currents. 

</.  Nekvous  ExciTATioy, — On  this  point  only  a  single  direct  observation 
by  KOhne  can  be  adduced ;  namely,  that  the  contraction  of  certain  stellate 
cells  in  the  cornea  of  the  frog  may  be  induced  by  excitation  of  the  corneal 
nerves.  Briicke  §  had  long  before  furnished  evidence  in  regard  to  this  by 
referring  to  the  very  well-marked  phenomena  of  contraction  that  are  visible 


♦  tffher  die  9ogenannte  Molecular- Bewegungy  loc,  dt. 
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in  the  pigment  cells  of  the  skin  of  the  chameleon,  and  which  can  readily  be 
excited  reflectorially  by  irritation  of  the  senRoi-y  nerves. 

c.  Chemical  Stimuli. — Amongst  these  we  may  first  mention  the  influ- 
ence of  water.  Amoeboid  movements  can  be  excited  in  the  segmentation 
spheres  of  the  egg  of  the  frog  by  the  addition  of  water :  hyaline  processes  are 
thrust  out,  in  the  interior  of  which  a  streaming  motion  of  granules  can  be 
discerned,  so  that  the  form  of  the  cell  undergoes  a  change.  At  other  times 
the  processes  are  again  withdrawn,  or  undergo  repeated  alterations  of  form 
after  they  have  remained  protruded  for  a  short  period.  Ecker*  regarded 
these  phenomena  as  indications  of  spontaneous  movement,  but  I  f  have  shown 
that  the  movements  of  these  cells,  when  no  water  has  been  added,  are  of 
quite  a  different  kind,  and  that  the  above  occur  only  on  the  addition  of  that 
fluid. 

The  streaming  movements  of  the  granules  contained  in  the  pseudopodia  of 
the  marine  rhizopods  is  also  ai-rested  by  distilled  water.  J  Tlie  greater  num- 
ber of  amoeboid  cells  become  globular  when  exposed  to  the  action  of  water, 
but  after  a  few  seconds  a  vibratory  movement  of  the  granules  is  observable, 
after  which  the  cells  generally  bui-st ;'  some,  however,  remain  globular  for  a 
time,  and  then  recommence  their  amoeboid  movements :  this  is  particularly 
the  case  if,  as  has  already  been  mentioned,  they  are  moistened  with  a  one- 
half  per  cent,  solution  of  common  salt. 

Tlie  cells  that  assume  a  globular  form  on  the  addition  of  water,  seem  also 
to  increase  in  size,  from  which  it  may  be  concluded  that  they  imbibe  some 
of  the  fluid. 

The  laws  by  which  water  or  a  solution  of  any  substance  is  thus  taken  up 
are  unknown.  It  seems  probable,  however,  that  diflfusion  plays  a  part  in 
the  process. 

We  may  also  conceive  that  the  water  which  has  penetrated  into  the  in- 
terior of  the  contractile  substances  acts  as  a  stimulus,  because  we  are  already 
acquainted  with  the  similar  action  exerted  by  water  on  muscular  tissue, 
and  because  electrical  currents  produce  similar  effects  on  the  cells. 

The  statement  made  hy  Hermami,  that  the  spherical  condition  aflsmned  by  the 
cells  in  water  or  other  dilate  medium  is  a  state  of  rest,  is  certainly  plausible.  The 
circumstance  that  they  will  remain  spherical  for  hours,  without  losing  their  vital 
properties,  as  may  be  seen  in  the  case  of  the  saHvary  corpuscles,  is  also  in  favor 
of  it. 

The  coalescence  of  the  spherical  cells  described  by  BrUcke,  Neumann,  and  Golu- 
bew,  can  then  be  very  naturally  explained  ;  for  it  may  be  said  that,  as  a  consequence 
of  the  stimulus,  the  opposing  influences  are  diminished,  and  the  protoplasm  now  fol- 
lows the  laws  of  ordinary  liquids — ^it  forms  drops,  and  these  coalesce.  The  act  of 
bursting  in  water  must,  then,  be  regarded  as  due  to  a  suddenly  produced  partial  ooag- 
ulation  resulting  from  the  more  energetic  action  of  the  fluid. 

If  to  the  medium  in  which  the  spherical  cells  are  contained  a  one-half  per 
cent,  solution  of  common  salt  is  gradually  added,  the  protoplasm  resumes  its 
apparent  activity,  and  recommences  the  usual  changes  of  form.  But  if  the 
solution  added  be  concentrated,  the  cells  shrink  up.  It  has  not  been,  as 
yet,  accurately  ascertained  what  strength  of  solution  is  compatible  with  the 
life  of  the  cells,  nor  for  what  length  of  time  the  action  may  be  continued. 
Tlie  proportion  of  water  in  many  protoplasmic  substances  may  undergo  great 

♦  leoMS  Physicl 
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variations  without  destruction  of  life.  The  myxomycetaa  can  even  be  com- 
pletely dried  up,  and  yet  when  again  moistened  may  continue  to  live. 

Max  Schultze  and  Kflhne  have  observed  similar  results  to  those  above 
described,  to  result  from  the  action  of  water  after  the  addition  of  very  dilute 
acids  and  alkalies. 

An  elegant  experiment  has  been  made  by  Kuhne,*  showing  the  influence 
of  gases  on  the  movements  of  protoplasm.  He  has  pointed  out  that  the 
ciliated  cells  of  the  giUs  of  Anodonta  cease  to  lash  in  hydrogen  and  in  car- 
bonic acid,  but  that  it  is  only  requisite  to  admit  atmospheric  air  in  order  to 
effect  the  re-establiahment  of  the  movements.  This  experiment  shows  that 
carbonic  acid  acts  injuriously  like  other  acids. 

Weak  alkaline  reaction  in  the  fluid  in  which  the  cells  are  contained,  is 
iavoraUe  to  their  movements,  but  acids  tend  to  arrest  them. 

The  contractility  of  the  protoplasm  is  of  the  greatest  importance  to  the 
entire  organism  to  which  it  belongs,  for  ciliary  movement  depends  upon  it. 

As  we  now  know  from  the  researches  of  Schweigger-Seidel  and  La  Va- 
lette,  that  the  spermatozoids  are  not  essentially  nuclear  structures,  but  are 
also  composed  of  protoplasm,  their  movements  must  likewise  be  attributed 
to  this  substance. 

Cell  division  and  germination  are  likewise  consequences  of  its  contractility. 

I^istly,  also  the  migrations  of  cells  are  dependent  upon  it,  of  the  im- 
portance of  which  to  the  organism  at  large  we  have  already  spoken. 

Hennaim  has  made  an  attempt  to  explain  the  phenomena  of  movement.  The  pro- 
trneian  of  a  process,  he  says,  can  only  be  regarded  in  the  light  of  a  partial  contrac- 
tioa,  which,  whilst  it  occnis  in  the  direction  of  a  striving  on  the  part  of  the  cell  (or, 
better,  of  a  striving  sorface),  drives  the  superjacent  segment  before  it.  If,  then, 
renewed  contraction  oontinnaUy  occur,  it  must  always  become  thinner  and  more 
thread-like.  Hermann  makes  no  remark,  however,  on  tilie  retraction  of  the  processes. 
But  if  Hermann^s  theory  were  adopted,  there  would  not  be  much  difficulty  in  explain- 
ing this  by  admitting  contractions  in  other  directions. 

Metamobphosis  of  Tissue. — Only  a  single  direct  observation  by  Kiihne  * 
exists  in  regard  to  the  inetamoi*phosis  of  tissue  that  takes  place  in  the  liv- 
ing cell-  According  to  his  researches,  ciliary  movement  is  connected  with 
the  consumption  of  oxygen,  and  there  can  be  no  doubt  that  the  cells  are 
capable  of  withdrawing  oxygen  from  loose  chemical  combination.  Ciliary 
movement  continues  in  an  atmosphere  of  hydrogen,  and  in  a  solution  of 
oxygenated  hoemoglobin,  till  all  the  loosely  combined  oxygen  of  the  latter, 
as  may  be  proved  by  spectrum  analysis,  is  consumed.  Moreover,  from 
indirect  experiments,  we  are  justified  in  admitting  a  metamorphosis  of  tis- 
sue in  the  cells,  and  are  hence  in  a  position  to  realize  the  more  accurate 
data  which  have  been  acquired  respecting  the  metamorphosis  of  tissue  in 
animals.  The  results  which  have  been  arrived  at  from  investigation  on 
muscles  are  particularly  important.  Muscular  fibres  ai*e  metamorphosed 
cells,  and  they  consist  essentially  of  conti-actile  substances,  the  internal 
structure  of  which  differs  entirely  from  that  of  contractile  protoplasm.  But 
the  muscular  fibres  are  collected  into  great  masses,  jjermitting  macroscopic 
investigations  of  a  chemical  and  physical  nature  to  be  undertaken  upon 
them  which  are  not  applicable  to  microscopic  inquiries.  The  range  and 
variety  of  experiments  performed  under  the  microscope  is  undoubtedly 
constantly  enlarging,  and  consequently  improved  means  will  be  hereafter 
obtained  for  acquiring  a  knowledge  of  the  physiology  of  cells.     At  present, 
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however,  this  must  still  rest  on  the  physiology  of  muscle,  as  probably  it 
will  continue  in  great  measure  to  do,  even  when  it  has  received  its  greatest 
development.  With  regard  to  the  specific  functions  of  cells,  we  must  limit 
ourselves  to  the  general  statement  that  there  are  cells  possessing  very  va- 
rious piiysiological  functions,  as  nerve  cells,  muscle  cells,  gland  cells,  etc.  ; 
and,  inasmuch  as  we  are  unable  to  conceive  any  functional  process  to  take 
place  in  a  cell  without  the  occurrence  of  chemical  processes,  we  must  sup- 
pose that  the  specific  functions  of  the  cells  in  these  several  cases  are  essen- 
tially dependent  on  the  nature  of  the  chemical  processes  occurring  in  them. 
In  the  case  of  the  muscles  and  in  that  of  nerve  cells,  chemical  investigations 
furnish  us  with  no  information  beyond  that  of  the  dead  tissue ;  whilst,  in 
respect  to  gland  cells,  we  do  obtain  some  little  insight  into  the  nature  of  the 
chemiciil  processes  through  an  investigation  of  the  secretion.  Thus  we 
know  that  there  are  cells  which  produce  fat  (mammary  and  sebaceous 
glands),  others  which  develop  pepsine,  and  further,  that  as  a  consequence 
of  the  activity  of  muscle  and  nerve  tissue,  acids  are  formed.* 

From  the  results  of  the  chemical  investigation  of  protoplasm  it  would 
appear  that,  in  all  probability,  it  contains  a  considerable  proportion  of 
niyosine  (Kuhne).f  In  some  protoplasmic  masses,  protagon  (Hoppe-Seyler, 
Fischer),  in  others  glycogen,  has  been  shown  to  be  present,  and  in  some 
few  vegetable  cells  cholesterine  J  has  been  found. 

It  may  be  questioned,  and  remains  to  be  shown,  whether  the  substances 
which  are  obtained  from  cells  after  their  death  are  pre-existent  in  them 
during  life,  or  are  only  the  products  of  disintegration.  Hermann  is  of 
opinion  that  myosin  is  one  of  these  products  of  disintegration.  Of  the 
nature  of  the  functions  fulfilled  by  the  water  and  other  inorganic  com- 
pounds that  exist  in  protoplasm,  we  know  absolutely  nothing. 

Structure  of  Cells. — Brucke§  described  a  system  of  lacunae  in  the 
salivaiy  corpuscles,  the  cavities  of  which  he  thought  were  occupied  by  an 
intracellular  fluid.  He  stated  that  the  same  appearances  were  presented 
by  the  protoplasm  of  the  vegetable  cells  composing  the  stinging  hairs  of  the 
nettle.  Heidenhain  ||  held  the  same  opinion,  and  further  maintained  that 
the  intracellular  fliiid  was  moved  by  the  protoplasm  in  the  same  way  that 
the  contents  of  the  intestines  were  i)ropelled  onwards  by  the  peristaltic 
movements  of  the  intestinal  walls. 

The  protoplasm  of  vegetable  cells  may  be  bo  arranged  that  it  traverses  the  space 
within  the  cellulose  wall  like  a  spider^s  web,  and  in  such  case  the  spaces  between  the 
protoplasmic  fibres  are  occupied  with  a  fluid  ;  or  the  protoplasm  may  be  reduced  to 
a  thin  layer  lining  the  inner  surface  of  the  cellulose  wall,  the  interior  of  which  again 
is  bathed  with  fluid.  But  this  cell  fluid  is  not  to  be  confounded  with  that  which  occu- 
pies the  inner  spaces  or  laounse  of  the  protoplasm  itself. 

It  may  be  observed  in  the  flask-shaped  glands  of  the  nictitating  membrane 
of  the  eye  of  the  frog,  that  the  size  of  the  gland  cells  undergoes  consider- 
able variation.  Sometimes  the  cells  project  so  far  into  the  lumen  of  the 
tube  that  this  is  reduced  to  an  extremely  small  diameter;  whilst,  on  the 
other  hand,  the  cells  are  sometimes  so  contracted  that  the  gland  appears 
like  a  bladder  lined  with  a  simple  layer  of  epithelium.     These  differences 

*  Du  Bois,  Funke. 
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are  not  easy  to  comprehend,  except  on  the  Bupposition  that  the  gland  cells 
have  by  contracting  expressed  fluid  from  their  interior. 

It  is  also  probable  that  at  different  times  the  protoplasm  contains  a 
greater  or  smaller  quantity  of  fluid,  and  that  under  particular  circumstances 
— by  contraction  or  shrinking — it  may  thus  be  reduced  to  extremely  small 
dimensions. 

Another  question  which  remains  to  be  solved  is  whether  we  have  grounds 
for  admitting  that,  independently  of  the  intracellular  fluid,  there  exist  any 
diflTerenoes  in  the  str\icture  of  the  protoplasm. 

Optical  examination  has  not  as  yet  enabled  us  to  draw  any  conclusion  on 
this  point.  Hitherto  protoplasm  has  only  been  observed  to  be  a  body 
refracting  light  singly ;  o^  more  correctly  speaking,  no  part  of  it  has  been 
obaerved  to  possess  doubly  refractive  powers.  When  such  a  peculiarity  has 
been  observed,  the  protoplasm  has  been  considered  to  be  modified  in  order 
to  fulfil  some  special  purpose. 

I  am  myself  inclined  to  believe  that  two  functionally  different  substances 
are  present,  and  am  supported  in  my  opinion  by  the  circumstance  that  I 
have  learned  to  recognize  two  active  conditions :  one  in  which  the  cell  is 
dilated,  as  after  immersion  in  water ;  and  one  in  which  it  is  contracted 
(shortened). 

But  even  if  the  dilated  condition,  as  on  Hermann's  hypothesis,  is  to  be 
regarded  as  the  condition  of  rest,  we  must  from  this  point  of  view  also 
admit  the  existence  of  two  functionally  different  substances. 

In  the  present  state  of  science  we  must  acknowledge  that  we  are  unable 
to  see  any  differentiation  of  parts  under  the  microscope,  nor  does  experi- 
ment furnish  us  with  any  ground  for  admitting  the  existence  of  a  definite 
arrangement  of  parts  differing  in  their  physiological  properties.  At  the 
same  time,  those  cells,  or  cell  derivatives,  must  of  course  be  excepted  in 
which  we  are  able  to  recognize  any  definite  peculiarities  appearing  to  be 
associated  with  the  performance  of  a  specific  function.  The  optical  peculi- 
arities of  transversely  striated  muscular  fibres,  and  the  apparent  structure 
perceptible  in  gauglion  cells,  must  doubtless  be  regarded  as  dependent  on 
differentiation  of  structure.  Such  instances  as  these  are  referable  to  the 
class  of  protoplasmic  masses  modified  for  the  performance  of  some  special 
function* 

In  reference  to  the  boundaries  of  a  cell,  the  state  of  our  present  knowl- 
edge has  already  been  given  in  the  introductory  portion  of  this  section. 
We  hold  that  the  external  limiting  layers  of  protoplasm  may  undergo  both 
chemical  and  physical  changes,  and  there  will  then  be  produced  a  membrane 
that,  compared  with  protoplasm,  is  of  fiim  consistence.  The  recognition  of 
a  double  contour  line  in  the  uninjured  cell  is  indispensably  necessary  to 
prove  the  existence  of  an  investing  membrane.  Briicke  remarks  in  refer- 
ence to  this  point,  **  The  difference  between  the  density  of  the  surrounding 
medium  and  the  cell,  even  when  no  investing  membrane  is  present,  will 
cause  the  appearance  of  a  boundary  line.  But  it  is  only  from  the  presence 
of  a  second  contour  that  we  are  able  to  recognize  a  difference  in  density  be- 
tween the  investing  substance  and  the  contained  material.  It  is  self-evident 
that  the  power  of  the  instrument  must  not  be  pushed  beyond  its  natural 
limits  by  the  employment  of  strong  oculars,  as  in  that  case  a  second  contour 
line  makes  its  appearance,  not  due  to  the  stmcture  of  the  cell,  but  conse- 
quent on  defects  in  the  optical  apparatus  we  are  using."  If,  moreover,  a 
doable  contour  lino  is  observed  after  the  action  of  reagents,  no  proof  is 
afforded  that  a  membrane  existed  duiing  life.  Ktlhne  argued  respecting  the 
value  of  the  double  contour  line  as  an  evidence  of  structure,  in  the  follow- 
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ing  terms : ''  If  an  amceba  were  to  surround  itself  by  a  broad  hyaline  border, 
not  regularly  defined  internally,  I  should  not  be  surprised  if  a  reagent  like 
acetic  acid,  which  made  this  border  suddenly  shrink  whilst  under  observa- 
tion, were  to  cause  the  appearance  of  two  wrinkled,  closely  approximated 
contour  lines ;  and  if  I  knew  that  this  border  was  previously  mutable,  I 
should  not  believe  the  solid  membrane,  originating  in  the  action  of  acetic 
acid,  was  previously  present  as  an  investment  of  <£e  outer  hyaline  layer." 

Many  cells  of  the  integuments  possess  distinctly  perceptible  membranes, 
as  in  the  case  of  the  mucous  cells  on  the  surface  of  fresh-water  fish,  first  de- 
sciibed  by  Leydig,  and  in  a  series  of  other  analogous  structures  which  F.  E. 
Schtilze  *  has  collectively  designated  cup  or  chalice  cells.  F.  K  Schulze  dis- 
tinguishes two  kinds  of  cells,  in  one  of  which  the  membrane  (theca)  is  com- 
pletely closed,  whilst  the  other  exhibits  a  roundish,  sharply  defined  opening. 

At  a  much  earlier  date  the  epithelial  cells  of  the  villi  had  already  been 
described  by  Briicke  f  as  destitute  of  a  membrane  at  their  free  extremity. 
It  is  still  a  subject  of  dispute  whether  this  is  a  characteristic  of  all  the 
epithelial  cells,  or  occurs  only  in  certain  cup-like  organs  scattered  amongst 
the  ordinary  cells  of  the  epithelium. 

The  cell  membrane  may  appear  perfectly  homogeneous,  or  it  may  possess 
ppres  (Leuckart).J 

The  investing  membrane  may  further  present,  according  to  F.  E.  Schulze, 
a  want  of  homogeneity  in  consequence  of  becoming  thickened  by  a  secondaiy 
deposit.  The  basal  part  of  the  membrane  of  the  epithelial  cells  of  the  villi, 
which  is  turned  towards  .the  lumen  of  the  intestinal  tube,  must  be  regarded 
as  a  structure  of  this  kind. 

It  is  also  here  a  disputed  question  whether  this  basal  border  is  perforated 
by  pores  (Funke,  KoUiker),  or  is  composed  of  rods,  giving  it  a  striated 
appearance  (Brettauer,  Steioach). 

The  Nucxeus  of  the  Cell. — Since  R.  Brown  discovered  the  existence 
of  a  nucleus  in  vegetable  cells,  no  remarkable  advance  has  been  made  in  our 
knowledge  of  this  structure.  Both  Schleiden  and  Schwann  held  that  the 
development  of  cells  proceeded  from  the  cell  nucleus,  and  before  as  well  as 
after  their  time  the  nucleus  has  always  been  regarded  as  a  structure  playing 
an  important  part  in  the  propagation  of  cells.  The  objections  have  been 
already  statc^d  that  were  urged  by  Briicke  against  the  view  that  the  nucleus 
must  be  admitted  as  an  indispensable  attribute  in  our  idea  of  a  typical  cell. 
We,  in  fact,  know  nothing  with  certainty  respecting  its  physiological  signifi- 
cance, nor  regarding  its  physical  peculiarities.  It  is,  indeed,  well  known 
that,  as  a  general  rule,  when  a  nucleated  cell  divides,  the  division  first  pro- 
ceeds from  the  nucleus,  which  elongates,  becomes  hour-glass  shaped,  and 
ultimately  constricted  into  two  segments.  Briicke  adduces  this  as  an  answer 
to  the  statement,  if  any  one  were  disposed  to  make  it,  that  in  all  modes  of 
pro})agation  of  cells  the  nucleus  remains  entirely  passive.  But  in  opposition 
to  this  line  of  argument  is  the  fact  that  we  are  at  present  acquainted  with 
non-nucleated  cells  capable  of  undergoing  division,  which  is  in  itself  a  direct 
and  suflScient  ansAver  to  every  statement  that  can  be  advanced  in  favor  of 
the  importance  of  the  nucleus.  It  might  indeed  be  said  that  when  the 
nucleus  is  present  it  fulfils  some  important  end  in  the  act  of  propagation ; 

•  Max  Schultze's  ArrMv,  Band  ill. 

{Deii^knehriften  d.   Wien.  Akadem.,  Band  vi 
See  also  F.  E.  Bchnlze,  he.  at. 
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but,  in  reply,  it  may  be  remarked  that  the  division  of  nucleated  cells  has 
been  observed  where  the  nucleus  has  remained  attached  to  the  side.  Remak  * 
has  made  similar  statements  in  regard  to  the  red  blood  corpuscles,  and  veiy 
recently  Weiss  f  also  in  reference  to  the  protoplasm  in  the  hairs  of  plants. 
Moreover,  we  know  very  little  respecting  the  physical  peculiarities  of  the 
miclens.  Reinharii  has  deduced  its  vesicular  nature  from  its  behavior  in 
water,  but  we  now  know  how  little  value  must  be  placed  on  deductions  of 
this  kind.  The  presence  of  an  investing  membrane  in  many  nuclei  can  be 
contested  on  the  same  grounds  that  render  the  presence  of  an  investing 
membrane  in  various  kinds  of  cells  doubtful ;  many  nuclei  appear  to  be 
completely  homogeneous,  and  are  distinguishable  from  the  surrounding  pro- 
toplasm only  by  a  single  well-defined  contour.  Nuclei  are,  moreover, 
ct^iable  of  undergoing  manifold  changes  in  form,  and  these  may  either  be  of 
an  active  or  of  a  passive  nature.  At  the  same  time  we  know  that  processes 
of  budding  and  other  similar  changes  cannot  easily  be  conceived  to  occur  in 
a  vesicle  enclosed  by  a  membrane :  when  an  amoeboid  cell  is  pressed  flat, 
the  nucleus  also  is  compressed ;  and  if  the  cell  be  again  allowed  to  resume 
its  original  form,  the  nucleus  similarly  changes  its  shape.  These  are  peculiari- 
ties that  are  cei-tainly  not  very  consonant  with  a  vesicular  character ;  still 
it  is  true  that  in  many  nuclei  a  double  contour  can  be  distinctly  shown,  a^ 
for  example,  in  many  ganglion  cells.  It  cannot  be  doubted,  also,  that  such 
nadei  are  invested  by  a  limiting  membrane  of  different  nature  from  the 
contents ;  but  we  have  no  right  to  draw  the  conclusion  from  this,  that  the 
nuclei  are  usually  vesicles.  RoUett  J  some  time  ago  paid  particul^  attention 
to  the  nuclei  of  the  corpuscles,  and  described  a  peculiar  formation  of  vacuolsa 
in  their  interior.  More  recently  it  has  been  stated,  on  the  authority  of 
observations  made  in  this  laboi-atory,  that  after  induction  currents  have 
been  applied  to  the  corpuscles  the  nuclei  will  coalesce,  which  is  veiy  un- 
likely on  the  supposition  that  they  consist  of  vesicles. 

Our  knowledge  respecting  the  chemical  chai*acters  of  nuclei  is  also  very 
obscure.  Kiihne§  states  that  it  is  probable  they  contain  an  albuminous 
anbfitanoe,  and  it  is  known  that  they  present  considerable  resistance  to  the 
action  of  acids  and  alkalies;  but  this  furnishes  us  with  no  satisfactory  in- 
formation respecting  their  physiological  significance  or  chemical  composition. 
Briicke  remarks  that  the  consistence  of  the  nucleus  is  peculiar.  On  the 
cell  theory  it  is  believed  to  constitute  the  primaiy  solid  constituent  of  the 
cell,  though  no  absolute  proof  has  been  obtained  on  the  point.  It  cannot 
be  denied  that  the  nucleus  is  originally  of  very  soft  consistence,  and  that  it 
subsequently  becomes  denser ;  nor  can  it  be  admitted  that  it  ever  exhibits 
tny  considerable  degree  of  resistance  in  young  cells. 

It  has  been  stated  that^  in  all  probability,  the  nucleus  of  the  fecundated 
egg  disappears.  It  is  equally  probable  that  the  nucleus  of  the  first  seg- 
mentation mass  is  a  new  formation.  But,  as  we  possess  no  precise  investi- 
gations respecting  the  disappearance  of  the  germinal  vesicle,  we  are  also 
unable  to  derive  the  first  nucleus  of  the  segmentation  mass  of  the  egg  of 
the  frog  from  the  nucleus  of  the  unfertilized  egg.  In  the  unfertilized  egg 
we  meet  with  a  vesicular  nucleus.  Under  a  strong  lens  it  may  easily  be 
torn  with  needles,  and  then  the  membrane  becomes  apparent.  The  small 
caccnius  contains  a  little  clear  fluid  and  a  few  granules.     The  first  nucleus 

^  EntmckduTig9ge9ehiehte,    Berlin,  1855. 

\  Die  PftanzepJiaare,     Berlin,  1867. 

X  Vermiehe  am  BkUe,  Wiener  Sitzungsberichte^  1863. 

§  Lehrimch  der  phygiologischen  Chemie,    Leipzig,  1867. 
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of  the  segmentation  sphere  is.  however,  a  completely  homogeneous  and 
apparently  soft  spheiical  body. 

When  it  is  said  that  the  nuclear  vesicles  undergo  solution,  and  are  then 
again  reformed,  we  have  really  not  advanced  one  step  in  the  solution  of  the 
question,  for  even  this  rests  on  no  satisfactory  evidence  whatever. 

What  we  do  know  is,  that  in  its  earliest  stage  the  fertilized  egg  has  no 
visible  nucleus,  and  that  the  nucleus  of  the  first  segmentation  sphere  origi- 
nates in  protoplasm ;  that  when  very  young,  which  must  necessarily  be  its 
state  in  the  segmentation  sphere,  the  nucleus  consists  of  a  little  mass  of  sub- 
stance, in  which,  amongst  other  products  of  disintegration,  albumen  is  found ; 
lastly,  tliat  when  old,  and  for  this  the  unfertilized  egg  may  be  taken  as  an 
example,  it  may  become  converted  into  a  vesicle. 

Lionel  Beale*  has  offered  a  plausible,  though  negative,  explanation  of  the 
significance  of  the  nucleus.  He  applies  the  term  germinal  matter  "  both  to 
it  and  to  pix)toplasm,"  and  places  them  in  opposition  to  formed  material 
which  constitutes  the  investing  membrane.  This  view  contains,  at  any  rate, 
an  indication  that  the  nucleus  and  pixttoplasm  possess  cei*tain  character  in 
common. 

Our  knowledge  of  the  nature  of  nucleoli  is  still  more  imperfect  than  that 
"^hich  we  possess  respecting  the  nucleus.  To  these  also  a  special  significance 
has  been  ascribed  in  the  act  of  propagation,  Virchow  having  quite  circum- 
stantially described  his  observation  on  the  division  of  the  nucleolus;  and 
this,  indeed,  is  the  whole  extent  of  our  knowledge.  Leydig  refuses  to  admit 
that  they  are  of  any  importance ;  but  we  cannot  go  so  far  as  this,  if  we 
reflect  that  the  nucleoli  in  many  cases  develop  into  a  vesicle,  in  which  still 
smaller  nucleoli  may  be  distinguished. 

Cell  Genesis. — Schleiden  advanced  the  theory  that  plants  originate  exclu- 
sively in  homologous  constituents.  He  proved  that  the  nucleated  cell  was  the 
only  original  component  of  the  embryo  of  the  plant,  and  that  the  develop- 
ment of  all  tissues  might  be  referred  generally  to  such  cells.  The  formation 
of  these  cells  takes  place  in  a  plasma,  the  nuclei  first  appearing,  and  then 
the  investing  membrane.  The  formative  material,  however,  is  commonly 
found  within  previously  existing  cells.  Schwann,  speaking  of  the  origin  of 
cells,  remarks,  ''  We  have,  in  the  first  instance,  a  structureless  substance, 
which,  according  to  its  chemical  qualities  and  the  grade  of  its  vitality,  pos- 
sesses a  greater  or  less  capacity  of  effecting  the  development  of  cells." 

Scliwann  was  of  opinion  that  the  extra-cellular  formation  of  cells,  that  is, 
their  development  in  free  blastema,  was  the  most  frequent  mode  of  their 
production  in  animals.  But  the  experience  of  embryologists  was  soon  found 
to  be  in  opposition  to  his  views.  The  segmentation  of  the  egg  of  the  frog, 
already  observed  in  1824  by  Prevost  and  Dumas,  led  to  the  statement  made 
in  the  beginning  of  1840,  that  the  segments  into  which  the  egg  breaks  up 
are  cells.  This  view  was  in  the  fii-st  instance  defended  by  Reichei*t,f  who 
believed  that  he  was  able  to  perceive  a  cell  membi-ane  in  the  several  seg- 
ments. BergmanJ  raised  very  solid  objections  to  the  existence  of  a  mem- 
brane in  this  instance ;  and  he  quite  con'ectly  maintained  that  the  spheres 
of  segmentation  are  cells  which  are  at  first  destitute  of  a  cell  wall,  though 
they  become  invested  by  one  at  a  subsequent  period. 

Henle  also  held  that  a  close  relation  existed  between  the  process  of  seg- 
mentation in  the  egg  and  the  division  of  cells,  and  Kolliker  interpreted  the 

•  The  Structure  of  Elementary  Tisfu^,  1861. 
f  Entwiokdungsgescfiichte  im  WirbeUhiere,  1840. 
i  MtOler'B  Arehiv,  1841. 
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segmentation  of  the  germ  of  cephalopoda  in  the  tsame  manner.  But  this 
view  of  cell  genesis  was  again  veiy  generally  departed  from.  The  merit  of 
ha\ing  defended  it  effectually  must  be  ascribed  to  Remak  *  in  particular, 
who  has  chiefly  contribute^  to  the  abandonment  of  Schwann's  doctrine  of 
cell  formation.  Remak  maintained  with  great  steadiness  that  in  the  early 
stages  of  the  development  of  the  embryo  no  other  mode  of  cell  development 
occurs  than  by  division. 

To  Remak  also  the  merit  is  due  of  having  established  the  same  law  in 
respect  to  the  pathological  development  of  cells.  There  is  at  the  same  time 
no  doubt  that  Virchow  played  an  important  pai*t  in  the  extension  of  our 
knowledge  in  this  direction,  and  that  his  well-grounded  statement,  made  in 
1855,  "Omnis  cellula  e  cellula,"  really  constitutes  the  basis  of  our  present 
cell  theory.f 

Whilst  these  fundamental  propositions  respecting  the  mode  of  cell  forma- 
tion in  comiK>und  bodies  were  advanced  and  maintained  on  the  one  side, 
Pasteur  proved  by  brilliant  experiments  that  the  statements  made  respecting 
the  spontaneous  origin  of  various  organisms  in  fluids  were  erroneous,  and 
that  when  all  access  of  living  organisms  into  such  fluids  was  prevented,  no 
development  could  be  proved  in  any  case  to  occur.  Every  one  must  admit 
that  the  general  tendency  of  these  facts  is  to  disprove  that  a  free  extra-cel- 
hiUr  formation  of  cells  ever  takes  place.  At  the  same  time  we  are  nt)t 
justified  in  maintaining  that  such  a  mode  of  formation  never  occura  ;  it  may, 
however,  be  said  that  at  the  present  time  not  one  observation  has  been  made, 
iucontestably  demonstrating  the  existence  of  a  generatio  ^quivoca. 

We  distinguish  three  forms  of  cell  multiplication,  one  by  fission,  one  by 
gemmation,  and,  lastly,  an  endogenous  mode.  According  to  Briicke,  the 
last  differs  from  the  two  former  in  the  circumstance  that  the  cells  originate 
like  embryos  in  the  interior  of  the  parent  cell,  and  gradually  increase  in 
size,  whilst  in  the  other  cases  the  substance  of  the  mother  cell  breaks  up 
into  fragments,  which  constitute  the  second  generation. 

In  the  miilti])lication  of  nucleated  cells  by  division  the  nucleus,  as  a  rule, 
first  divides ;  becoming  elongated,  then  finger-biscuit  shaped,  and  finally 
constricted  into  two  portions,  which  recede  from  one  another.  The  fission 
of  the  nucleus  is  not  in  all  instances  followed  by  division  of  the  cell,  though 
it  is  usually  associated  with  the  process  of  cell  multiplication.  Instances 
are  known  where  cells  become  greatly  enlarged,  whilst  their  nuclei  inci^ease 
in  number,  either  regularly  or  iri'egularly,  to  twenty  or  more ;  and  in  which, 
nevertheless,  division  of  the  cell  itself  has  not  been  observed  to  occur.  Divi- 
sion of  the  nucleus  external  to  the  cell,  as  has  been  already  stated,  has  not 
as  yet  been  shown  to  take  place. 

The  formation  of  fresh  nuclei  within  cells  must  be  admitted  to  proceed, 
not  only  from  fission  of  old  nuclei,  but  from  the  growth  of  entirely  new 
ones. 

Development  of  nuclei  proceeds  in  a  manner  essentially  similar  to  that  of 
cells  when  they  undergo  complete  division. 

As  an  example  of  endogenous  cell  multiplication,  that  which  takes  place 
in  the  eggs  of  insects  may,  according  to  Weismann,!  be  adduced ;  but 
whether  the    formation  of  pus  corpuscles  in  epithelia  (Buhl)§  is  to  be 

•  EntmckHungffgenrhichte.    Berlin,  1^52—1855. 

t  Virchow'a  ArrMe,  1855,  Band  viii  Heft  1. 

^  Entwiekdung  dir  Dipteren,  1884. 

^  The  author  of  this  paper  has,  as  yet,  had  no  opportunity  to  examine  critically  the 
oommnnications  made  by  Volkmami  and  Stendener,  lespecting  the  migrations  of 
amoeboid  oella  into  epithelial  cells,  and  the  illusoiy  appearances  which  may  have  led 
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regarded  as  an  example  of  this  mode,  or  of  division  (Remak),  is  at  present 
doubtful. 

If  the  entire  mass  of  protoplasm  contained  within  a  membrane  or  capsule 
divides  into  two  or  more  segments,  we  can  no  longer  regard  this  as  an  endo- 
genous mode  of  cell  division,  but  as  cell  genesis  by  fission.  Cartilage  cells 
and  the  first  two  segmentation  spheroids  may  be  adduced  as  examples. 

When  a  naked  mass  of  protoplasm  divides,  the  act  is  obviously  to  be 
regarded  as  one  of  fission.  As  an  example  of  this  the  fission  of  the  eggs  in 
the  ovaries  of  young  cats  may  be  adduced  (Pfliiger). 

In  multiplication  by  gemmation  a  little  elevation  first  projects  from  the 
cell — ^a  bud — which  is  subsequently  separated  by  constriction  of  its  base. 
An  example  may  be  seen  in  the  propagation  of  the  yeast  fungus,  in  the 
development  of  the  egg  in  Nematoids  (Meissner),  as  well  as  in  the  budding 
of  the  germ  of  many  holoblastic  eggs  (Salmofario,  Strieker).  The  detach- 
ment of  a  cell  from  the  maternal  structures  is  a  phenomenon  of  movement 
(Max  Schultze).  In  regard  to  cell  formation  by  fi&sion,  it  has  been  ascer- 
tained that  the  protoplasm  becomes  partially  contracted  in  the  fashion  of  an 
hour-glass ;  the  depth  of  the  constriction  continuously  increasing  until  at 
length  the  protoplasm  is  divided  into  two  segments.  The  whole  process 
may  be  observed  under  the  microscope  in  the  fecundated  egg  of  the  frog. 

•  No  dii*ect  observations  have  been  made  as  to  the  manner  in  which  in 
endogenous  cell  genesis  the  daughter  cells  are  set  free  in  the  body  of  the 
mother  cell. 

In  many  cases  we  are  acquainted  with  the  stimuli  through  the  agency  of 
which  movements  ai*e  occasioned.  In  the  fecundated  egg  the  spermatozoa 
must  be  regarded  as  the  agents  from  which  the  first  excitation  proceeds. 
There  can  be  no  doubt,  also,  that  in  the  act  of  fission  a  high  temperature 
plays  an  important  part  (see  above).  In  many  other  cases,  however,  the 
stimulus  inducing  the  fission  of  cells  is  unknown. 

The  detachment  of  cells  by  constriction  may  be  compared  to  the  act  of 
birth.  Before  detachment  occurs  by  this  mode  the  cell  must  have  acquired 
a  sufiicient  size,  as  otherwise  material  limits  would  soon  be  placed  to  the 
process  of  continuous  fission.  The  essential  feature  of  cell  multiplication^ 
therefore,  consists  in  the  capacity  of  assimilating  new  material. 

The  genei*al  proposition,  then,  that  cells  may  increase  by  constriction  and 
detachment,  cannot  be  called  in  question.  The  segmentation  of  the  ovum 
is  an  example  which  admits  of  no  double  interpretation.  It  may  nevertheless 
be  disputed  whether  certain  cells  of  the  adult  organism  are  capable  of  in- 
creasing by  constriction  taking  place  in  both  the  longitudinal  and  the  trans- 
verse direction. 

Since  the  migratory  power  of  the  white  corpuscles  has  been  ascertained, 
some  doubts  may  arise -whether  any  other  cells  besides  these  are  capable  of 
undergoing  multiplication.  With  the  exception  of  cartilage,  in  which  there 
can  be  no  more  doubt  of  the  occuri-ence  of  cell  fission  than  in  the  fertilized 
egg,  the  structures  which  result  from  the  fission  of  cells  in  the  tissues  of  the 
healthy  adult  organization  are  not  such  as  to  render  a  mistake  impossible.  In 
cartilage  we  see  the  descendants  of  a  parent  cell  enclosed  in  cavities  of  the 
solid  matrix.  But  in  all  other  tissues,  where  such  firm  boundaries  are  not 
met  with  surrounding  families  of  cells,  we  cannot  maintain  with  any  degree 
of  certainty  that  a  group  of  two  or  four  cells  lying  in  close  proximity  to  each 

to  the  statement  that  an  endogenous  formation  of  cells  takes  place  in  epithelial  cells. 
He,  however,  fully  maintains  the  oorrectness  of  the  statements  of  Buhl  in  regard  to 
the  development  of  cells  from  pre-ezistent  epithelial  ceUs,  and  has  consequently  ad« 
duced  it  as  an  instance. 


Digitized  by 


Google 


CELL  GENESI8.  -47 

other  Lave  originated  in  a  previously  existing  mother  of  equal  physiological 
value ;  for  it  might  happen  in  such  a  case  that  the  cells  have  migi-ated  thither 
from  some  other  part.  It  is  even  conceivable  that  the  colorless  blood  cor- 
puscles are  destined  for  the  regeneration  of  all  the  tissues  of  the  animal 
body.  Nor  can  any  solid  objection  to  this  view  be  raised  from  the  stand- 
point gained  by  a  knowledge  of  the  history  of  development.  The  blood  pro- 
ceeds, indeed,  from  a  diifex'ent  germinal  lamina  to  the  epithelia,  for  example ; 
but  primarily  all  cells  proceed  from  the  segmentation  spheres,  and  these 
again  from  the  fertilized  ovum.  Lastly,  who  can  determine  what  inf  uences 
must  be  in  operation  to  cause  a  segmentation  spheroid  to  become  an  epithelial 
cell,  and  whether  similar  influences  may  not  also  act  on  young  cells  in  the 
post-embryonal  period  ? 

Epithelial  cells  with  two  nuclei  are  often  seen,  and  it  is  generally  taken 
for  granted  that  the  division  of  the  nucleus  precedes  the  fission  of  the  cell ; 
but  who  can  say  that  every  division  of  a  nucleus  is  followed  by  fission  of 
the  oeU  ?  It  is  possible  that  the  division  of  the  nucleus  in  an  epithelial 
cell  may  be  only  an  instance  of  arrest  of  development  occuiTiug  in  a  cell 
which  is  no  longer  capable  of  undergoing  division. 

At  the  time  when  this  article  was  puhlished,  the  doubt  cast  by  Cohnheim  upon  the 
bet  of  the  pus  oorpusoles  arising  from  the  cells  of  connectiYe  tissue  and  of  epithelium, 
hid  an  important  influence  upon  the  opinion  of  histologists  in  Germany.  On  this 
Mommt  the  results  of  the  investigations  of  Goodsir,  Redf  em,  Virchow,  and  his  pupils, 
were  belieyed  to  be  founded  upon  incorrect  investigation. 

My  later  investigations*  have,  however,  shown  ^lat  the  process  of  division  of  pus 
0^  can  be  directly  observed  under  the  microscope,  and  that  the  proliferation  of  the 
oeDs  of  oonnective  tissue  by  division,  and  of  those  of  the  epithelium  by  endogenous 
gcnention,  are  facts  which  cannot  be  disputed,  f 

It  has  in  the  mean  while  been  ascertained  in  the  case  of  a  very  easily  ob- 
served object — the  blood-vessels — ^that  they  are  partially  able  to  regenerate 
themselves — that  fine  processes  gi'ow  out  from  the  capillaries,  which  are 
themselves  capable  of  becoming  capillaries. 

It  is  different  with  connective  tissue.  It  cannot  be  doubted  but  that  here 
some  of  the  ceUs  that  niigi*ate  into  it  proceed  from  the  blood ;  and  the  ques 
tionmust  necessarily  remain  open,  whether  the  connective  tissue  in  those 
places  where  it  maintains  its  ordinary  local  relations,  is  not  usiially  regene- 
rated by  this  means.  W.  Joung  has  expressed  himself  strongly  in  favor  of 
tins  as  being  the  mode  of  formation  in  the  oedematous  scrotum. 

Our  knowledge  of  the  mode  in  which  nerves  and  muscles  are  regenerated 
in  the  healthy  organism  is  too  limited  to  permit  us  to  enter  into  any  discus- 
aon  respecting  tiiem.  The  main  point  of  the  question  is  connected  with 
the  growth  of  the  gland  cells,  the  epithelia,  and  the  rete  malpighii.  Is  the 
opinion  justified,  that  the  important  discovery  of  Henle  of  the  spontaneous 
growth  of  the  rete  mucosum  can  be  shaken  ? 

The  development  of  epithelia  from  the  cells  of  the  connective  tissue  has 
already  been  maintained  by  many,  as  by  Burkhardt,  by  Virchow,  and  by 
Forster.  Very  recently  Pagenstecher  J  has  stated  that  they  may  proceed  from 
exudation  corpuscles,  and  Biesiadecki  says  specifically  that  they  come  from 
oolorleas  blood  corpuscles.  Two  facts  ascertained  by  the  application  of  novel 
modes  of  investigation  may  lead  to  a  decision  on  this  point.  The  first  is 
the  presence  of  migrating  cells  between  the  epithelial  cells  (Eecklinghausen), 


*  &udien  aiu  dem  Institute  fur  expertmerUdle  Pathologie,    Wien,  1869. 

{MS.  note  added  by  Prol  Strieker. 
Wiener  BUzmgel^enclUe,  1868. 
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and  the  second  the  circumstfiuice  that  after  the  injection  of  finely  granular 
coloring  matter  into  the  blood,  it  is  also  met  with  within  the  epithelial  cells. 
The  last  is  not  a  fact  of  much  importance,  since  particles  of  coloring  matter 
can  be  floated  to  whatever  part  a  current  of  hutritive  matter  may  set.  The 
presence  of  migratory  cells  is  a  more  important  circumstance,  but  is  likewise 
not  very  weighty.  No  one  has  hitherto  observed  that  the  migrating  cells 
become  changed  into  epithelial  cells  ;  it  is  not  really  derogatory  to  us  to  say 
that  we  are  still  ignorant  of  the  significance  of  the  migrating  cells,  and  that 
we  do  not  know  what  becomes  of  them.  Were  any  one  to  maintain  that  the 
migrating  cells  are  conjugation  organisms,  no  stronger  objection  could  be 
raised  against  him  than  against  another  who  should  maintain  that  the  migra- 
ting cells  are  epithelia. 

Recklinghausen*  has  advanced  a  theory  respecting  the  conjugation  of  cells, 
which,  however,  on  account  of  its  brevity,  scarcely  allows  us  to  judge  of  its 
value.  The  fact  that  the  most  beautiful  example  of  cell  fission,  segmenta- 
tion of  the  ovum,  does  not  occur  without  fertilization,  hardly  enables  us 
satisfactorily  to  detennine  the  question  whether  the  conjugation  of  cells  is 
not  a  more  frequent  process  than  is  genei-ally  admitted. 

Forms  of  Cells. — No  general  statement  can  be  made  respecting  the  form 
of  the  amojboid  cells,  since  the  mutability  of  theii-  sliape  is  their  distinguishing 
characteristic.  It  is  to  be  presumed  also  that  they  present  very  different 
forms  in  death,  and  hence  no  certain  conclusions  can  be  drawn  from  the 
appearances  presented  by  dead  amceboid  cells.  These  remarks  are,  however, 
only  applicable  whilst  the  cells  remain  suspended  in  fluid.  In  places  where 
numbers  are  accumulated  together  they  become  flattened.  Thus  the  segmen- 
tation spherules,  whilst  still  in  their  natural  position,  are  polyhedral  with 
flattened  sides,  which  are  mutually  opposed  to  the  similar  surfaces  of  others. 
Similar  appearances  are  presented  in  most  instances  where  soft  and  yielding 
cells  completely  fill  a  given  space ;  but  one  axis  may  be  longer  than  another, 
as  is  the  case  in  the  inferior  layers  of  laminated  epithelia,  where  they  generally 
form  prisms,  or  are  arranged  in  the  manner  of  palisades.  The  cells  which 
ai*e  superjacent  to  them,  on  the  other  hand,  are  polyhedral,  without  any  one 
axis  being  longer  than  another.  The  uppermost  layers  of  laminated  epithelia 
are  usually  flattened. 

The  cells  of  the  laminated  epithelium  of  the  upper  pai-t  of  the  respiratory 
tract  are  for  the  most  part  elongated,  and  present  two  principal  varieties  in 
form,  one  of  which  is  that  of  a  longer  or  shorter  flask-like  body,  giving  off  a 
process  from  one  of  its  ends,  whilst  tlie  other  is  that  of  a  fusiform  cell  with 
a  relatively  short  belly  and  elongated  attenuated  extremities.  Where  the 
cells  line  the  interior  of  cavities  as  a  single  layer,  they  appear  either  in  the 
form  of  plates  of  different  shape  (endothelial  cells  of  His),  or  of  cells  in 
which  the  long  axis  is  predominant  (cylindrical  epithelial  cells) ;  or  we  may 
meet  with  various  intermediate  forms  between  plates  and  cylinders. 

The  cylindrical  cells  are  not  cylinders  in  a  stereometric  sense,  but  are  fre- 
quently conical,  with  the  base  turned  towards  the  cavity,  whilst  at  other 
times  they  form  cones,  from  the  apex  of  which  a  process  is  given  off.  Cells 
may  again  present  the  appearance  of  being  as  it  is  termed  I'amified,  or  pro- 
vided with  numerous  processes  (bone  cells,  corpuscles  of  the  cornea)  ;  or 
lastly,  they  may  become  extraordinarily  elongated  as  in  muscle  cells. 

A  form  of  cell  which  must  be  regarded  as  quite  peculiar,  is  that  which  is 
provided  with  cilia.     The  form  of  the  ciliated  cell  varies  to  a  considerable 


*  Max  Schultze^s  Archiv^  Band  ii 
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extent^  but  the  cilia  are  always  limited  to  one  portion  of  the  surface,  aacl 
coDMtantlv  project  with  their  free  extremities  into  the  interior  of  the  cavity 
of  the  organ  they  line. 

The  cilia  themselves,  may  be  of  various  length,  and  may  on  the  one  hand 
considerably  exceed  the  long  diameter  of  the  cell,  as  occurs  in  those  lining 
the  renal  capsules  of  some  amphibia  (Hemak,*  Duncan) ;  and  on  the  other 
may  be  so  short  that  they  only  measure  a  fraction  of  the  long  diameter  of 
the  cell ;  it  is  in  such  cases  especially  that  when  at  rest  they  give  the  ap- 
pearance of  a  moderately  broad  hem  or  border  to  the  cell.  Again,  not  only 
the  length  but  the  thickness  of  the  cilia  varies  ;  thus  we  find  that  the  cilia 
on  the  superficial  cells  of  the  egg  of  the  frog,  after  it  has  undergone  seg- 
mentation, can  scarcely  be  perceived  even  when  magnified  400  times  with  a 
good  instrument ;  whilst  the  cilia  on  the  gills  of  the  Anodonta  are  easily 
recognized  near  their  base  with  a  very  low  power. 

UiaoN  OF  Cells  with  each  other. — By  the  treatment  of  tissues  with 
diluted  solutions  of  nitrate  of  silver,  as  suggested  by  Iiecklinghausen,f  we 
have  acquired  a  knowledge  of  the  means  by  which  certain  varieties  of 
structure  can  be  recognized,  and  we  have  also  learnt  that  even  when  cells 
are  apparently  in  contact  an  intermediate  material  is  present,  by  which  they 
Are  cemented  to  one  another.  Recklinghausen  has  by  the  use  of  this  me- 
thod rendered  certain  markings  apparent  in  the  finest  lymphatics;  and 
Eberth,  Aeby,  and  AuerbachJ  have  by  similar  means  exhibited  peculiar 
patterns  in  the  blood  capillaries,  whilst  similar  lines  may  generally  be 
brought  into  view  wherever  cells  lie  in  apposition. 

A  difference  of  opinion  exists  in  regard  to  the  significance  of  the  lines 
brought  out  by  silver  in  the  blood  capillaries.  Those  who  oppose  the  ordi- 
nary view  base  their  opinion  upon  the  history  of  development,  from  which 
we  learn  that  the  blood  capillaries  commence  as  solid  fibres,  and  then  be- 
come hollow ;  but  we  also  know,  through  the  investigations  of  Keitz,§  that 
the  villi  of  Uie  placenta  commence  as  solid  fibres,  which  subsequently  be- 
come hollow,  and  that  after  the  occurrence  of  an  abundant  proliferation  of 
nuclei  the  sheath  of  protoplasm  of  these  now  hollow  processes  undergoes 
differentiation  into  cylindrical  cells.  We  thus  see  that  a  considerable  mass 
of  protoplasm  can  become  differentiated  into  cells. 

The  formation  of  the  blood  capillaries  must  be  described  in  a  similar 
manner ;  they  commence  after  the  fashion  of  a  gun-barrel  with  smooth  bore, 
hut  subsequently  appear  like  the  shaft  of  a  chimney ;  cell  boundary  lines, 
or,  more  correctly  speaking,  lines  of  connective  substance,  being  developed 
in  their  walL 

The  consideration  of  this  process  teaches  us  that  the  cement  is  to  be  re- 
garded as  proceeding  from  the  metamorphosis  of  the  cell  substance,  and  is 
therefore  properly  included  in  the  series  of  intercellular  substances.  Cells 
may  either  present  flat  surfaces  in  apposition  to  each  other,  or  they  may  pre- 
sent small  processes,  dentations,  or  strise,  by  means  of  which  they  cling  to  one 
another  like  the  bristles  of  two  brushes.!  They  may  also  become  attached 
to  one  another  partly  by  means  of  flat  surfaces  and  partly  through  the  in- 
tercalation of  the  processes.^     Inasmuch  as  the  cement  is  included  in  the 


•  Froriep's  Notizen,  1845. 
Wiener  8itzunff»bericlite,  1867. 
Centrattdatt,  12,  13,  14,  18«6. 
Wiener  Sitningsberichte,  1868. 
Max  Schnltase,  CentraUdatt,  1864,  No.  12. 
'  F.  E.  Schulze,  loc.  eit. 
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series  of  intercellular  substances,  it  must  be  admitted  that  there  is  no  fdit- 
damental  morphological  difference  bet^-een  the  material  connecting  epithe- 
lial cells,  endothelial  cells,  and  the  cells  of  the  connective  tissues ;  in  all 
these  we  have  to  do  with  metamorphosed  cell  substance,  by  means  of  which 
the  morphological  elements  are  united. 

Besides  the  mode  of  union  by  means  of  intercellular  substance,  we  are 
also  acquainted  with  a  mode  in  which  cells  unite  through  the  intermedia- 
tion of  processes,  and  we  have  ah*eady  noticed  that,  under  certain  circund- 
stances,  cells  may  become  fused  together,  an  occurrence  that  may  take  place 
whilst  they  are  yet  living.  We  cannot  therefore  doubt  that  the  protoplas- 
mic mas<^s  are  capable  of  directly  imiting  with  one  another.  Nevertheless 
the  microscopic  proof  of  the  direct  fusion  of  cells  has  not  been  quite  satis- 
factorily demonstrated.  It  is  possible  that  the  union  may  be  established  by- 
means  of  cement,  but  this,  up  to  the  present  time,  has  not  been  clearly- 
shown. 

From  a  physiological  point  of  view,  however,  we  must  admit  that  fusion 
of  the  processes  of  nerve  cells  may  take  place ;  at  all  events,  it  would  be  in 
opposition  to  our  experience  respecting  the  conduction  of  nervous  force, 
were  we  to  admit  that  any  cementing  substance  intervened  between  the  in- 
dividual nerve  cells. 

"With  the  exception  of  the  nerve  cells,  the  above-mentioned  objection 
holds  good  for  all  supposed  or  actually  proved  instances  of  cell  union. 

Classipicatton  of  Cells. — Cells  are  usually  classified  in  accordance  with 
their  physiological  function.  This,  however,  is  not  a  very  satisfactory 
mode,  since  we  are  still  ignorant  of  the  functions  of  many  groups  of  cells. 
For  example,  we  have  no  precise  knowledge  of  the  functions  fulfilled  by  the 
colorless  blood  corpuscles,  and  it  is  moreover  improbable  that  all  the  cells 
distributed  over  the  surface  of  a  membrane,  as  epithelial  and  investing  cells, 
should  possess  identical  functions.  We  find,  for  instance,  that  between  the 
epidermal  cells  of  the  fish  there  are  peculiar  clavate  cells  which  have  been 
(kscribed  by  Max  Schultze,  and  circular-headed  cells  by  F.  E.  Schulze ; 
whilst  wandering  cells,  chalice-like  cells,  etc.,  have  been  observed  by  others. 
All  these  forms  of  cells  are  probably  functionally  different,  and  cannot,  ac- 
cording to  our  ideas  of  classification,  be  included  under  the  single  head  of 
epidermal  cells. 

It  has  been  thought  that  a  primary  ground  of  classification  of  cells  might 
be  drawn  from  some  of  their  morphological  characters  or  genetic  peculiari- 
ties, but  we  shall  see  that  none  of  these  chai'acters  are  sufficient  to  attain 
the  end  in  view. 

In  reference  to  function  we  must  distinguish  nerve  cells,  muscle  cells,  red 
blood  cells  (respii-atory  organisms),  gland  or  secreting  cells,  ciliated  cells, 
and,  lastly,  connective  tissue  cells,  as  amongst  those  whose  fimction  essen- 
tially consists  in  the  construction  of  the  framework  of  the  body.  With 
these  may  also  be  enumerated  those  cells,  the  Unction  of  which  we  deduce 
from  their  situation  and  arrangement ;  to  this  group  belong  the  cells  of  the 
epidermis,  with  the  endothelia  and  those  cellular  investments  of  the  mucous 
membranes  to  which  we  can  ascribe  no  specific  secretion,  a^s  the  epithelium 
of  the  oesophagus  and  of  the  urinary  tubuli.  The  function  of  these  may  be 
considered  to  consist  in  forming  the  boundaries  of  cavities,  and  in  protect- 
ing important  organs,  as  the  cutis,  against  external  injurious  influences ; 
but  at  the  same  time  we  must  admit  that  in  regard  to  their  morphological 
differences  we  are  but  partially  acquainted  with  their  function.  Lastly,  the 
colorless  lymph  and  blood  corpuscles  may  be  alluded  to ;  of  these  we  know 
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indeed  that  in  all  probability  they  are  destined  for  the  regeneration  of  the 
red  blood  corpuscles,  but  we  know  also  that  they  fulfil  other  and  quite  dif- 
ferent objects. 

Cells  can  be  classified  according  to  their  genesis,  that  is,  according  to  the 
germinal  membrane  from  which  they  originate ;  nevertheless,  however  suc- 
cessfully the  classification  of  investing  cells  into  epithelia  and  endothelia 
(His)  may  be  effected  on  this  principle,  it  is  not  capable  of  wider  applica- 
tion. The  cells  of  the  cutaneous  glands,  for  example,  would  have  to  be 
separated  from  those  of  the  intestinal  glands,  because  the  former  proceed 
from  the  upper,  tJie  latter  from  the  lower,  germinal  membrane.  Moreover, 
all  cutaneous  glands  would  have  to  be  included  in  the  series  of  epidermal 
cells,  all  epithelia  in  the  series  of  secretory  cells,  and,  lastly,  connective  tissue, 
muscle,  and  blood  would  require  to  be  combined  in  one  and  the  same  cate- 
gory. If  no  objection  can  be  raised  to  many  of  these  systems  of  arrange- 
ment, it  is  at  least  impossible  to  regard  any  of  them  as  perfect. 

Morphological  peculiarities  alone  constitute  a  ground  for  the  formation 
of  subdivisions,  and  these  will  be  considered  in  subsequent  chapters. 

Formative  Activity  of  Cells. — The  recognition  of  the  fact  that  the 
animal  body,  excluding  the  ingests,  consists  only  of  cells,  or  of  cell  deriva- 
tives,  constitutes  one  of  the  most  valuable  conclusions  arrived  at  by 
Schwann. 

The  next  chapter  will  place  before  the  reader,  in  a  more  extended  form, 
the  facts  on  which  he  grounded  this  statement.  We  can  here  only  refer  to 
the  general  importance  of  cells  in  the  animal  body,  and  in  regard  to  their 
foimative  activity  it  may  suffice  to  point  out  that  every  organized  portion 
of  the  animal  body  which  is  not  a  cell  must  originate  in  or  frx)m  cells.  In 
addition  to  the  organized  constituents  of  the  animal  body,  chemical  com- 
poundB  are  also  present  in  it,  which,  so  far  as  they  have  not  been  introduced 
in  those  forms,  must  be  regarded  as  the  products  of  cell  activity ;  but  we 
cannot  ascribe  the  non-organized  bodies,  even  though  they  may  be  deposited 
as  solid  compounds,  to  the  formative  activity  of  cells.  To  this  account  we 
only  place  those  materials  which  become  a  portion  of  the  organized  consti- 
tuents of  the  animal  body  through  cell  metamorphosis. 

Changes  of  Cells  in  Death. — It  is  difficult  in  many  cases  to  decide 
whether  a  cell  still  lives ;  it  is  not  sufficient  to  know  that  the  preparation 
has  been  taken  from  a  living  animal,  or  from  the  body  of  one  wliich  has 
only  been  dead  for  some  hours.  If  the  cells  exhibit  no  amoeboid  movement, 
sad  ifi  on  the  other  hand,  t\^ey  are  not  taken  from  putrefying  portions  of  the 
body,  the  determination  is  difficult,  and  sometimes  even  impossible.  In  the 
present  state  of  our  knowledge,  chemical  reagents  do  not  enable  us  to  ariive 
at  any  positive  decision,  unless  their  action  is  sufficiently  slight  to  excite 
movements,  but  not  to  effect  complete  destruction.  This  is  indeed  true  of 
all  other  agents,  for  they  can  only  furnish  us  with  information  in  regard  to 
the  life  of  the  cell  when  they  produce  changes  which  our  experience  teaches 
08  are  ascribable  to  life ;  on  the  other  hand,  it  is  often  easy  to  determine 
that  a  particular  cell  is  dead.  The  greater  number  of  chemical  reactions 
refer  to  the  phenomena  exhibited  by  dead  cells.  The  forms  which  cells 
killed  by  chemical  agents  present  are  so  various  that  they  cannot  be  enumer- 
ated, but  the  most  important  have  been  treated  of  in  the  first  chapter. 

If  the  cells  have  been  killed  by  powerful  electric  cuiTcnts,  by  a  high  temper- 
store,  or  by  mechanical  violence,  the  determination  of  their  condition, 
after  what  has  already  been  said  upon  the  effects  of  these  agents,  can  no 
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longer  be  doubtful.  But  if  no  remarkable  alterations  of  form  (fattening, 
tearing,  bursting),  no  remarkable  physical  alterations  (cloudiness,  coagula- 
tion), and  lastly,  no  definite  change  resulting  from  the  action  of  the  fluid  in 
which  they  have  been  preserved,  furnish  indications  of  the  death  of  the  cells, 
no  scientific  value  can  be  attributed  to  any  statement  made  respecting  it. 
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CHAPTER  II. 

THE   CONNECTIVB   TISSUES. 

By  a.  ROLLETT, 

professor  of  pkt8iology  m  oraz. 

'  It  has  become  customary  in  histology  to  associate  together  a  series  of  tissues 
under  the  term  comiective  tissues.  From  these  tissues  all  those  portions  of 
the  ammal  body  are  formed,  which  can  be  regarded  in  the  most  general  sig- 
nificance of  the  terms  as  the  basement  membi-ane,  supporting  layer  or  in- 
vestment for  epithelial  structures,  blood,  lymph,  muscles,  and  nerves.  In 
the  Vertebrata  the  group  of  connective  substances  includes  connective  tis- 
sue, cartilage,  bone,  the  tissue  of  the  cornea  and  dentine. 

The  connective  tissues  are  developed  from  the  middle  germinal  layer,  in 
which  blood  and  muscle  also  originate.  The  typical  comiective  substances 
are  recognized  histologically  by  the  circumstance  that  they  contain  extensive 
and  continuous  layers  of  material  (intercellular  substance),  which,  when 
compared  with  the  cellular  structures  distributed  through  its  substance  (pro- 
toplasma),  or  the  moi*phological  elements  in  other  tissues,  always  appears 
as  a  more  passive  substance,  and  one  which  participates  but  slightly  in  the 
processes  characteristic  of  life.  These  masses  consist  for  the  most  pai*t  of 
gelatine-forming  substances,  such  as  collagen,  chondrogen,  and  ossein.  The 
connective  tissues  frequently  pass  by  siibstitution  or  genetic  succession  into 
one  another;  they  appear  therefore  to  be  morphologically  equivalent;  so  that  in 
many  instances  certain  organs,  or  parts  of  organs,  belonging  to  animals  nearly 
allied  to  one  another,  are  formed  sometimes  of  one,  sometimes  of  another  of 
these  tissues. 

Even  if  our  knowledge  of  such  facts  disposed  us  to  collect  the  tissues  into 
a  single  category,  this  is  still  not  the  immediate  and  primary  reason  that  has 
led  to  the  formation  of  a  group  of  connective  substances.  This  last  has 
become  customary  since  the  experimental  investigation  of  these  tissues  has 
shown  that  they  present  similai*  modes  of  development,  and  possess  conse- 
quently an  homologous  significance  in  regard  to  their  microscopic  constituents. 

The  fiite  of  the  connective  tissue  theories  thus  originating  has  been  very 
variable.  Reichert*  first  appeared  with  his  doctrine  of  continuity  of  sub- 
stance. According  to  this  the  connective  tissues  contain  a  matrix,  originat- 
ing in  the  fusion  of  cells,  or  of  certain  portions  of  cells,  with  an  amorphous 
intercellular  substance.  Eeichert  associated  with  this  mode  of  development 
the  peculiar  connective  tissue  formerly  regarded  as  fibrous,  but  considered 
by  him  to  be  destitute  of  structure,  and  pointed  out  that  in  both  there  was 
an  absence  of  any  apparent  boundary  line  between  the  allied  tissues  where 
they  were  in  contact  with  one  another,  or,  as  he  expressed  it,  there  was  a 
"  continuity ''  of  their  matrix. 

This  theory  was,  even  from  the  first,  strongly  opposed  by  Henle,f  and  did 
not  in  the  first  instance  meet  with  general  acceptance.     If  the  views  on  the 

•  BeUrdge  zur  Tergleuhenderh  Naiturfiynahu'ng^  etc.,  Dorpat,  1845. 
t  Ganstatt'a  Jahrt^wruMy  1845,  Bd.  i,  p.  55;  1847,  Bd.  I,  p.  44. 
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absence  of  structure  in  connective  tissue  taught  by  Reichert,  and  now 
disproved,  found  certain  adherents,  amongst  whom  Virchow  himself  may  be 
included,  it  can  scarcely  be  held,  as  however  is  frequently  done,  that  the 
connective  tissue  theory  promulgated  by  Virchow  in  1850,  was  only  a  modi- 
fication of  that  of  Reichert.  We  are  indebted  to  Virchow*  and  Donders  f 
for  directing  attention  to  the  persistence  of  cells  in  mature  connective  tis- 
sue. Virchow,  whilst  he  regarded  the  cells  of  connective  tissue  (connective 
tissue  corpuscles)  as  the  analogues  of  the  ceUs  of  cartilage  and  bone,  con- 
structed a  simple  scheme  J  for  the  structure  of  connective  tissues ;  and,  up- 
on the  other  hand,  sought  to  attribute  to  the  excitation,  growth,  and  pro- 
liferation of  these  tissue  cells  a  series  of  the  most  important  pathological 
processes,  and  was  thus  led  to  the  profound  views  contained  in  his  cellular 
pathology. 

According  to  Virchow's  idea  the  greater  part  of  the  tissues  belonging  to 
the  group  of  connective  tissues  consists  of  intercellular  substances,  the 
latter  indeed  varying  in  regard  to  their  chemical  nature  in  the  several 
members  of  the  series,  and  containing  variously  formed  but  similar  cells 
imbedded  in  their  substance.  The  views  of  Virchow  obtained  general 
acceptation.  The  special  methods  which  he  employed  in  his  researches 
caused  him,  however,  to  describe  forms  which  had  nothing  to  do  with  con- 
nective tissue  cells,  and  induced  him  in  the  case  of  connective  tissue,  as 
had  been  done  by  earlier  iuquirers  in  regard  to  osseous  tissue,  to  admit  the 
existence  of  cell  processes  frequently  anastomosing  with  one  another,  which 
he  regarded  as  forming  a  plasmatic  canal  system  traversing  the  tissue  in  all 
directions;  Honle  §  in  both  instances  expressed  determined  and  persistent 
opposition  to  the  existence  of  connective  tissue  corpuscles  in  the  sense 
understood  by  Virchow.  The  point  in  question  required  an  exact  apprecia- 
tion of  appearances  exhibited  under  the  microscope,  and  the  final  result  was 
that  inquirers  for  the  most  part  convinced  themselves  of  the  existence  of 
persistent  cells  in  mature  connective  tissue. 

In  the  mean  while,  however,  through  the  investigations  of  Max  Schultze,| 
Brucke,^  and  others,  the  doctrine  of  cells  founded  by  Schwann,  and  up  to 
that  time  generally  received,  experienced  some  important  modifications.  It 
was  no  longer  possible  to  describe  animal  cells  as  uniform  elementary  parts 
of  a  vegetative  character,  constructed  according  to  a  certain  scheme.  The 
new  opinions  held  in  regard  to  the  structure  of  connective  tissue  substances 
could  not  remain  without  infiuence  upon  the  general  conception  of  a  cell. 
Still  more  directly  was  the  connective  tissue  question  affected  by  the  views 
which  were  coincidently  expressed  by  Max  Schultze  upon  the  solid  inter- 
cellular substances  of  the  animal  tissues.  Up  to  that  time  the  majority  of 
observers  regarded  the  matrix  of  hyaline  cartilage  as  the  prototype  of  an 
amorphous  intercellular  substance,  and  indeed  very  generally  as  the  starting- 
point  for  its  consideration.  Max  Schultze,  on  the  other  hand,  opposed  to 
this  the  hitherto  little  regarded  views  of  Kemak  and  Furstenburg,  on  the 
matiix  of  cartilage,  and  sought  to  show  that  we  have  not  here  to  deal  with 
an  intercellular  substance  in  the  sense  of  a  hardened  secretion  between  the 
cells,  but  rather  that  the  so-called  intercellular  substance,  from  its  very 

•   Wiirzburger  Verfiandlung,  Bd.  it,  pp.  154  and  314. 
+  Zeitse^rift  fiir  wissemcJiaftUche  Zoclogie^  Band  iii,  p.  848. 
1  CeUiUar-Pathologie, 

§  Canstatt's  Jahrmhericht,  1851,  Bd.  i.,  p.  22;  1852,  Bd.  1,  p.  20 ;  1853,  Bd.  !.,  p. 
8.     See  also  Henle,  Jahresbericht  for  1858,  p.  53 :  1859,  p.  28. 
I  Beichert  and  Da  Bois  Beymond^s  Archiv,  1861,  p.  1. 
1  J3itzimg8berichte  der  Wiener  Akademie,  Band  xliv.,  1861,  p.  881. 
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coiainenoement,  proceeds  from  the  protoplasm  of  the  cells.  This,  in  its 
turn,  immediately  led  to  renewed  investigation  respecting  the  genetic 
significaace  of  the  matrix  of  bone,  and  of  the  fibrillar  substance  of  con- 
nective tissue. 

Max  Schultze  *  forthwith  stated  his  opinion  that  the  fibrillar  substance  of 
connective  tissue  originates  from  "  embryonal  cells  composed  of  protoplasm, 
and  destitute  of  any  investing  membrane,  which  have  amalgamated  with  one 
another/'  A  thin  layer  only  of  the  protoplasm  remains  lying  around  the 
nucleus  of  the  primary  cell,  representing  with  this  nucleus  a  connective 
tissue  cell,  destitute  of  cell  wall  (connective  tissue  corpuscles).  It  should 
also  be  mentioned  that,  quite  independently  of  the  discussion  maintained 
on  these  points  in  Germany,  similar  views  respecting  the  development  of 
connective  tissue  were  expressed  in  England  by  Beale.f  According  to 
Beale's  peculiar  terminology^  connective  tissue  is  originally  composed  of 
elementary  parts  (cells),  Which  consist  of  germinal  matter  (Keimstofie, 
protoplasm) ;  but  subsequently  a  pai*t  of  the  germinal  matter  is  convei*ted 
into  formed  material  (in  connective  tissue  the  fibrillar  substance),  which 
was  itself  in  the  first  instance  germinal  matter,  and  was  developed  at  the 
ooflt  of  that  matter.  Beale,  whose  statements  wei*e  of  a  somewhat  general 
nature,  admitted  a  similar  genetic  relation  between  the  matrix  of  bone  and 
cartilage,  and  the  cells  of  those  tissues. 

Waldeyer  J  especially  endeavored  to  confirm  these  views,  in  the  case  of 
bone,  by  his  beautiful  researches  on  the  process  of  ossification.  It  is 
obvious  that.,  in  the  event  of  the  above-described  mode  of  development 
being  demonstrated  in  the  several  oases  of  bone,  cartilage,  and  connective 
tiasue,  a  similar  genetic  agreement  for  all  these  tissues,  though  imdoubtedly 
in  a  different  sense  from  that  advanced  by  Virchow,  would  also  be  obtain- 
ed- But  to  what  extent  satisfactory  replies  have  been  given  to  these  ques- 
tions will  hereafter  receive  consideration  when  these  tissues  are  severally 
descrilied* 

As  observers  gradually  acquired  these  views  respecting  the  histogenesis  of 
the  connective  tissue  substances,  a  new  starting-point  for  impoiiiant  general 
considerations  respecting  the  living  processes  taking  place  in  connective 
tUBue  was  obtained,  in  quite  another  mode,  by  the  investigation  of  living 
connective  tissue.  Yon  Recklinghausen  §  demonstrated  that,  in  living  con- 
nective tissue,  cells  are  present  which  agree  in  their  characters  with  the 
white  blood  corpuscles  (lymph  or  pus  corjmscles),  and,  in  consequence  of 
the  amoeboid  movements  they  are  capable  of  performing,  constantly  change 
their  situation  in  the  tissue.  Yon  Eecklinghausen  further  proved  that 
when  suppuration  occurred  in  connective  tissue,  in  opposition  to  the 
doctrine  propoimded  by  Yirchow  of  the  formation  of  pus  by  multiplication 
of  the  tissue  cells,  a  migration  of  these  movable  cells  from  without  into 
the  substance  of  the  tissue  must  be  admitted  to  take  place.  These  facts 
have  attracted  a  proportionately  greater  interest  since  Stticker|  established 
the  permeability  of  the  walls  of  the  vessels  for  red  blood  corpuscles. 
Cohnheim,^   indeed,  has  recently  referred   to  the  older  observations   of 

♦  Lot.  ffU.,  p.  13. 

f  The  Structure  of  the  Simple  Tissues  of  the  Human  Body,  tzanalated  into  German 
hj  Y.  Caroa     Leipzig,  1862,  pp.  36,  96,  etc. 

X  Arehiv  f&r  Mikroskopisohe  Anaiamie^  Bd.  i,  p.  354. 

g  Yizchow*8  ArehiVy  Bd.  xzviii,  p.  157. 

XSUatmgsberiehte  der  Wiener  Akademie^  Bd.  lii,  p.  379. 

^  Yizdiaw*8  Arehh^  Bd.  xL,  p.  1.  Kosinkai,  Wiener  Med.  WocfienscJtTifty  Nos.  56  and 
57,  1868. 
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Waller*  on  the  relation  of  the  white  blood  corpuscles  in  inflammation^ 
which  have  hitherto  remained  unnoticed ;  and,  supported  by  these  older 
and  his  own  more  recent  observations,  has  propounded  the  view  thj^t 
purulent  infiltration  really  consists  only  in  the  migration  of  colorless  blood 
cells  through  the  vascular  walls  into  the  tissues.  The  relations  thus  shown 
to  exist  between  the  blood  and  the  tissues  must,  as  we  shall  see,  still  be  held 
in  view  in  discussing  other  questions  bearing  upon  the  connective  tissue  sub- 
stances in  the  following  pages.  For  this  i^eason,  the  three  typical  connect- 
ing substances — connective  tissue,  cartilage,  and  bone — will  now  be  sepa- 
rately described.  The  consideration  of  the  peculiar  tissue  of  the  cornea,  on 
the  other  hand,  with  dentine,  and  some  others,  will,  on  account  of  their  more 
limited  and  special  distribution  in  certain  organs,  be  postponed  to  a  later 
period. 

Of  Connective  Tissue. 

A  series  of  various  forms  of  tissue  must  be  included  under  the  term  con- 
nective tissue.  This  name  was  originally  given  in  1830,  by  Johann  Muller,f 
to  the  tela  cellulosa  of  the  older  anatomists ;  but  as  at  that  time  observera^ 
had  already  convinced  themselves  that  this  tissue  is  essentially  composed  of 
very  ^ne  fibres,  which  may  be  proved  to  be  the  chief  constituent  of  tendons, 
ligaments,  membranes,  arid  other  formed  portions  of  the  organism,  all 
these  tissues,  together  with  the  tela  cellulosa,  were  included  amongst  those 
portions  of  the  organism  which  are  composed  of  connective  tissue.  Former- 
ly, however,  the  description  of  this  tissue  was  limited  to  a  fibrous  form  of 
the  tissue,  possessing  very  definite  histological  and  chemical  characters. 

This  limitation  has,  however,  been  greatly  extended  by  custom,  and  just 
as,  in  consequence  of  their  functional  agreement  and  continuity  of  substance, 
a  seiies  of  microscopically  difierent  structures  are  combined  under  a  com- 
mon t«rm — as  muscle,  nerve,  etc. — we  are  on  similar  grounds  led  to  a  general 
application  of  the  term  connective  tissue,  and  to  distinguish  its  several  forms. 
Amongst  the  microscopic  moi*phological  constituents  thus  distinguishable  in 
connective  tissue  may  be  enumerated  cells ;  networks  and  trabeculse,  devel- 
oped from  cells  consisting  of  peculiar  delicate  unbranched  fibres  (connective 
tissue  fibrils),  for  the  most  united  into  fasciculi ;  and,  lastly,  fibres  which  are 
differentiated  from  those  above  named  by  the  I'esistance  they  ofier  to  the 
action  of  acetic  acid  and  alkalies,  by  their  repeated  division,  by  their  form- 
ing networks,  and  by  their  fusing  into  lamellse  (elastic  fibres). 

Op  the  Cells  op  Connective  Tissue  in  General. 

In  all  connective  tissues,  whether  obtained  from  an  adult  organism  or  from 
one  in  process  of  development,  cells  may  be  found,  the  number  of  which  in  dif- 
ferent instances  varies  within  very  wide  limits.  In  the  cells  obtained  from 
connective  tissue  we  observe  so  many  diflferent  conditions  of  activity,  devel- 
opment, metamorphosis,  and  disintegration,  and  know  so  little  respecting 
their  material  composition  and  changes,  tlieir  physiological  peculiarities, 
and  their  genetic  connection,  that  it  is  impossible  to  give  a  general  descrip- 
tion, which  shall  be  applicable  to  all  the  forms  they  present.  On  the  other 
hand,  a  few  facts  may  be  here  stated  which  are  of  general  importance  in 

•  PhUo6oph,  Mag, ,  Vol  xxix. 

JHandbuch  der  PhyHobgie^  Bd.  1.,  p.  410.     Coblentz,  1835. 
Jordan.    For  the  doctrines  of  Qt.  F.  Treviranus  (1816),  U.  Milne  Edwards  (1828), 
see  E.  H.  Weber^s  edition  of  Hildebrandt^s  Handbvjch  der  AnatomU.     Braunschweig, 
1830. 
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regard  to  the  cells  contained  in  connective  tissue,  and  will  thus  enable  us 
to  take  a  broad  view  of  the  subject ;  and,  in  the  first  instance,  the  researches 
oommenced  by  Von  Kecklinghausen*  and  Kiihne  f  on  the  living  tissue  may 
be  adduced. 

In  the  living  body  the  cells  of  connective  tissue  may  be  observed  wher- 
ever it  is  possible  to  make  thin  sections  adapted  for  high  magnifying  powers 
quickly,  and  without  the  employment  of  any  hardening  process.  They  may 
^en  be  subjected  to  microscopic  investigation,  after  the  addition  of  some  in- 
different fluid,  as  serum,  the  aqueous  humor,  and  serum  containing  iodine, 
especially  with  the  aid  of  a  moist  chamber.  In  specimens  so  prepared,  Von 
Reddinghausen  first  observed  the  presence  of  migrating  cells  in  the  connective 
taasue;  and  after  he  had  demonstrated  that  the  cells  of  pus  possess  amoeboid 
characters  similar  to  those  which  were  already  known  to  exist  in  the  white 
blood — and  lymph — corpuscles,  he  pointed  out  that  pus  corj)uscles  lying  in 
^is  tissue — as,  for  example,  in  the  inflamed  cornea  or  in  the  mesentery  of 
the  rabbit — possessed  the  same  mobility.  He  further  found  that  young 
cells,  agreeing  in  their  charactei-s  with  the  white  blood  corpuscles,  are  pres- 
ent in  small  numbers  in  the  healthy  cornea  of  the  eye,  in  the  tail  of  the 
tadpole,  in  the  peritoneum,  and  in  various  other  places. 

Where  such  cells  are  found  in  connective  tissue,  they  are  characterized 
by  their  relatively  rapid  change  of  form,  and  by  their  coincident  and  con- 
uderable  changes  of  place  in  the  tissue,  on  which  accoimt  they  were  desig- 
nated migrating  or  wandering  cells  ^  by  Von  Recklinghausen.  In  regard 
to  these  cells,  we  must  refer  to  the  genei'al  doctrines  of  cells  already  given, 
and  to  the  section  on  the  blood.  It  may,  however,  here  be  remarked  that. 
they  may  be  easily  diflerentiated  from  other  movable  cells  occurring  in  the 
animal  body.  Amongst  tJie  various  cells  present  in  the  connective  tissue 
of  the  fully  developed  and  adult  organism,  these  white  blood-corpuscle-like 
cells  are  best  characterized  by  the  circumstance  that  they  alone  deserve  to  be 
named  aai<eboid  cells.  These  cells,  if  the  expression  may  be  allowed  so,  are 
the  moRt  active,  and  present  the  most  variable  forms  that  are  ever  observa- 
ble in  this  form  of  tissue.  From  the  researches  which  Strieker  §  made  on 
the  permeability  of  the  walls  for  the  morphological  elements  of  the  blood, 
and  those  of  Cohnheim  |  and  Hering  ^  on  the  exit  of  the  white  blood  cor- 
puscles through  the  vascular  wall  into  the  tissue,  the  derivation  of  the  mi- 
grating cells  of  the  connective  tissue  from  the  blood  has  been  certainly 
demonstrated  in  some  particular  instances,  and  rendered  highly  probable 
C^raU. 

The  migrating  c*»lls  may  be  most  conveniently  observed,**  and  diffei-entia- 
ted  from  the  other  cells  contained  in  the  tissue,  in  the  tail  of  the  living  tad- 
pole. In  this  object  Golubew  has  frequently  exhibited  to  me  the  migi'ation 
of  these  structures  from  the  vessels. 

In  the  case  of  ihe  blood  of  the  frog,  it  may  be  shown  that  the  amoeboid 
cells  it  contains  are  subservient  to  the  regeneration  of  the  red  corpuscles, 
into  which  they  become  transformed  by  a  process  all  the  stages  of  which 
may  be  completely  followed.f  f     We  must  therefore  ask  whether  any  further 

*  Loe.  eU. 

t  Vntenuehungen  uber  das  Pratopkuma  unddie  ContraetHitdt^  p.  109.  Leipzig,  1864. 

IWandamde  ZeOen. 
Si^tHngri^erichte  der  Wiener  Akademie,  Bd.  111.,  p.  879. 
Loe,  eU. 
SUnmiftberiehte,  Bd.  Ivl,  p.  691. 
**  Von  Becklinghansen,  loc,  eU,  F.  E.  Schulze,  ArcMv  fUr  3fikroekopuehe  Anato- 
■ii^Bd.n.,p.  378. 

tt  Oolabew,  SUeunffsberiehie  der  Wiener  Akademie.    Sitzong  vom  16th  Apzil,  1868. 
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metamorphosis  occurs  in  the  amoeboid  cells  of  the  connective  tissue ;  and 
on  the  answer  we  obtain  depends  the  still  more  important  question,  whether 
all  or  much  of  the  development  and  growth  of  connective  tissue  is  to  be 
referred  to  a  proliferation  of  the  cells  forming  the  original  mass  of  the  tis- 
sue, or  whether,  as  has  already  been  shown  to  occur  in  neoplastic  patholo- 
gical formations,  those  amoeboid  cells  participate  which  originate  in  localized 
germ  masses  in  the  organism,  and  have  then  migi-ated  into  the  tissue. 

We  now  turn  to  those  cells  of  the  connective  tissue  which  are  capable  of 
being  distinguished  from  the  amoeboid  cells,  and  meet,  in  the  first  place,  a  pti- 
culiar  material  obtained  from  the  living  tissues,  which  has  been  made  known 
by  the  researches  of  Kiihne.*  1  allude  to  that  kind  of  connective  tissue 
which  apppeai-8  in  the  form  of  perfectly  transparent  membraues  between  the 
muscles  of  the  leg  and  thigh  in  the  frog.  According  to  Kuhne,  senreral 
varieties  of  cells  can  be  here  distinguished,  diifering  from  the  migrating 
cells.  They  all  appear  to  be  formed  of  granular  material,  but  some  are 
characterized  by  being  surrounded  with  a  very  finely  granular  cloud,  by 
which  they  are  distinguished  from  the  ti^nsparent  matnx  ;  that  is,  traversed 
only  by  a  few  fibres.  Others,  again,  appear  to  be  formed  of  a  material  con- 
taining larger  strongly  refractile  granules.  The  coarsely  giunular  cells  pos- 
sess, for  the  most  part,  an  elongated  foion ;  the  nucleus,  which  occupies 
the  broadest  part  of  the  cell,  is  elliptical,  ti*ansparent,  and  bounded  by  a  double 
contour  line,  or  it  may  appear  in  the  thickened  portion  of  the  cell,  indis- 
tinctly defined,  and  equably  covered  with  the  granular  mass.  It  may  be 
noticed  that  such  coarsely  granular  cells  ai*e  often  connected  by  their  apices 
in  twos  and  threes  together.  Besides  the  fusiform  coarsely  granular  cells, 
there  may  frequently  be  seen  similar  cells  of  more  compressed  and  rounded 
form. 

The  finely  granular  cells  are  either  provided  with  a  distinct  oval  and  clear 
nucleus,  or  their  contents  may  appear  to  be  accumulated  at  one  point  around 
a  body  resembling  a  nucleus.  The  finely  granular  cells  give  off  a  variable 
number  of  processes  differing  iu  their  length  and  thickness ;  and  these,  radi- 
ating in  various  directions,  frequently  join.  When  these  finely  granular 
cells  are  long  and  carefully  observed,  slow  changes  of  form  may  be  seen  to 
occur ;  such  changes  are,  however,  much  slower  than  those  undergone  by 
the  migratoiy  cells,  and  do  not  lead  to  any  remarkable  change  of  place.  In 
the  same  preparation,  migratory  cells  are  also  frequently  seen,  and  the  dif- 
ference in  the  mode  in  which  the  movements  are  performed,  as  well  as  other 
peculiaiities  of  both  forms  of  cells,  may  be  easily  ascertained  by  direct  com- 
parison. The  migratory  cells  are  generally  smaller,  and  the  addition  of 
acetic  acid  brings  one  or  seveitd  small  round  nuclei  into  view,  whilst  all  other 
cells,  after  the  action  of  acetic  acid,  present  distinct  nuclei  of  larger  size  and 
more  oval  form. 

Kuhne  has  endeavored  ineffectually  to  excite  movements  by  means  of 
electricity  in  the  different  kinds  of  cells  he  has  described.  If  we  apply, a 
large  induction  apparatus  (brought  into  activity  by  means  of  chromic  acid 
and  carbon,  with  a  primary  coil  of  160  turns,  a  nucleus  of  iron  wire,  and  a 
secondary  coil  of  6,245  turns,  thrust  quite  home),  and  examine  the  effects 
of  a  few  shocks,  allowing  a  few  minutes  to  intervene  between  each,  it  will 
be  seen  that  the  cells  with  finely  granular  protoplasm,  withdrawing  their 
finer  processes,  contract  gradually  into  round  strongly  granulated  masses ;  or 
they  may  only  retract  their  longer  processes  to  a  certain  extent,  without 

*  Untersuchungen  uber  das  ProtopUwna  und  die  ContraetiUt&t,  p.  100.  Leipag^, 
1864. 


Digitized  by 


Google 


OF  THE  CELLS  OF  CONNECTIVE  TISSUE   IN  OENEEAL.  59 

cftusuQg  them  entirely  to  disappear,  so  that  they  become  knotty,  whilst  the 
body  of  the  cell  containing  the  nucleus  assumes  a  rounded  form.  A  return i 
from  this  altered  condition  to  the  original  form  has  not  been  observed.  The 
above-mentioned  appearances  constitute  a  further  difference,  distinguishing 
these  from  the  mifi^atory  cells ;  the  latter  show,  as  in  the  case  of  the  white 
blood  corpuscles,  wheii  such  shocks  have  been  transmitted  through  them,  an 
alteration  in  their  mode  of  movement,  or  a  sudden  retraction  of  all  the  pro- 
cesses, and  the  assumption  of  a  round  form ;  after  which  they  soon  again 
recommence  their  former  movements  (Golubew).*  In  similar  preparations 
from  newts  and  salamanders,  the  appearances  presented  ai'e  the  same  as  in 
the  frog.  In  warm-blooded  animals,  a  loose  connective  tissue  can  be  obtained 
frt>m  the  surface  of  the  muscles  in  the  form  of  thin  laminee ;  this  contains, 
indeed,  a  larger  number  of  fibres  than  in  the  frog,  but  is  nevertheless  well 
adapted  for  the  observation  of  the  cells  that  accompany  it.  The  masseter  of 
a  recently  killed  rabbit  or  guinea-pig  may  be  exposed,  and  after  division  of 
the  &scia  a  portion  of  the  connective  tissue  immediately  investing  the  mus- 
cular fibres  may  be  removed  with  scissors,  and  in  this  coarsely  granular  and 
cylindrical  protoplasmic  masses  may  be  seen,  containing  a  more  or  less  dis- 
tinct elliptical  nucleus.  Most  of  these  cells  contain  a  few  granules  of  con- 
siderable size,  which  in  one  focus  appear  as  dark  pigment  molecules,  and  in 
another  seem  to  possess  a  bright  centre. 

Besides  these  coarsely  granular  cells,  other  very  finely  granular  ones 
appear,  which  are  for  the  most  part  more  delicate  and  pale,  and  frequently 
exhibit  fine  radiating  strongly  refractile  stride  of  greenish  tint.  These  easily 
overlooked,  delicate,  and  proportionately  large  structures  may  best  be-  recog- 
nized by  their  very  distinct  large  vesicular  nuclei. 

Cells  similar  to  those  above  described  may  also  be  found  in  the  looseccon- 
nective  tissue  of  other  muscles,  in  the  subcutaneous  tissue,  and  elsewhere. 

If  we  pass  from  the  examination  of  such  delicate  and  loose  connective 
tissue  to  the  thicker  and  denser  masses  of  the  same  tissue,  various  objects 
may  be  found  which  are  adapted  for  its  examination  in  a  physiologically 
fr«sh  oonditioiL  For  this  purpose  the  thin  fBisciss  of  the  frog  and  of  warm- 
bk>oded  animals  are  very  appropriate,  as  are  also  the  thin  fiexor  tendons  of 
tke  fingers  and  toes  of  the  frog,  newt,  or  salamander,  which  can  be  drawn 
oot  at  one  end  from  the  double-capped  fingers  or  toes.  We  may  here  see 
small  fusiform  granular  masses  containing  delicate  elongated  nuclei  inter- 
calated amongst  the  parallel  fibres  of  the  several  fasciculi.  In  comparison 
with  the  cells  of  the  looser  connective  tissue,  the  granular  substance  of  these 
cells  appears  to  be  much  reduced  in  amount.  In  the  above-mentioned  ten- 
dons there  also  appear  more  rounded,  serially  arranged,  and  somewhat  flat- 
taned  cells  with  well-defined  round  nuclei.  These  do  not  lie  upon  the 
ntdticey  but  in  the  elongated  fusiform  interstices  of  the  fibrous  material. 
Such  chains  of  cells  have  their  greatest  dimensions  in  the  broadest  part  of 
the  fusifonn  spaces.  At  the  border  of  the  above-mentioned  tendons  a 
thiimer  portion  of  the  investing  connective  tissue  is  generally  to  be  found 
traversed  by  numerous  fibres  in  which  the  above-described  cells  of  the  loose 
connective  tissue  can  be  very  well  observed ;  but  besides  these,  stellate  cells 
may  also  be  seen,  which  give  off  sharply  bordered  trabeculss,  that  preseikt  a 
smoother  appearance,  give  off  branches,  and  may  be  followed  for  a  consider- 
able distance  between  the  fibres  of  the  investing  connective  tissue.  The 
behavior  of  the  cells  present  in  connective  tissue,  when  treated  with  chemi- 
cal reagents,  now  requires  a  more  extended  examination. 

*  Loc  eit.    See  the  chapter  On  the  Omeral  XhctriMS  of  CdU, 
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The  migratory  cells  are  best  adapted  for  investigation  in  this  respect,  on 
account  of  their  having  been  already  so  long  known  as  the  white  corpuscles. 
In  regard  to  other  cells,  the  observations  made  by  Kuhne  on  his  specimens 
may  be  adduced.  Water  acts  energetically  on  the  finely  granular  cells  in 
particular,  the  granular  material  contracting  around  the  nucleus,  and  only 
remaining  connected  with  the  surrounding  parts  by  means  of  a  few  anasto- 
mosing processes.  The  meshes  of  the  network  thus  formed  are  clear,  and  a 
few  granules  presenting  molecular  movements  may  be  observed  in  their 
interior.  The  nucleus  first  swells  up,  and  exhibits  vacuolas  in  its  interior, 
and,  after  undergoing  many  changes  of  form,  finally  contracts  into  a  shriv- 
elled corpuscle. 

The  network  brought  into  view  by  the  action  of  acetic  acid  is  darker,  and 
the  nucleus  subsequently  appears  to  be  filled  with  dark  granules. 

In  diluted  solutions  of  potash  and  soda  the  nuclei  of  all  the  ceUs  in  such 
specimens  are  distinctly  defined.  They  appear  pale  and  vesicular.  The  cells 
acquire  a  border,  seam,  or  doubled  margin ;  the  granular  portion  of  the  cell 
diminishes  in  size  with  the  formation  of  larger  or  smaller  clear  drops,  and, 
in  consequence  of  the  coalescence  of  th(,se  drops,  vacuolae  become  developed, 
the  formation  of  which  was  also  observed  by  Ktihne  after  the  action  of 
diluted  acetic  acid. 

As  has  been  above  stated,  but  few  objects  are  well  adapted  for  the  examina- 
tion of  connective  tissue  in  the  fresh  state.  In  the  case  of  all  thick,  soft,  and 
easily  alterable  masses,  or  in  those  that  are  more  dense  and  opaque,  in  order 
that  the  cells  may  be  exhibited,  prepai-atious  must  first  be  made  by  section, 
or  by  teasing  up  the  tissue  with  needles,  and  subsequently  agents  employed 
by  which  they  may  be  hardened  and  rendered  transparent.  The  objects  that 
«re  capable  of  being  examined  in  a  physiologically  fresh  condition  may  then 
be  used  as  test  objects,  and  a  comparison  instituted  between  them. 

The  best  solutions  are  those  of  chromic  acid,  and  especially  that  recom- 
mended by  Miiller,*  consisting  of  two  and  a  half  parts  of  chromate  of  pot- 
ash, one  part  of  sulphate  of  soda,  and  100  parts  of  distilled  water.  If  the 
latter  be  applied  to  the  test  object,  which  has  just  been  obtained  in  the  per- 
fectly fresh  condition,  treated  only  with  an  indififerent  fluid,  and  placed  in  a 
moist  cell,  it  may  remain  as  long  as  may  be  desired  in  contact  with  the 
reagent,  and  the  changes  produced  by  the  hardening  solution  may  be  exam- 
ined from  time  to  time.  "We  may  then  convince  ourselves  that  MuUer's 
solution  preserves  the  cells  in  a  nearly  unaltered  condition,  so  far  as  regards 
their  external  appearance.  They  indeed  become  slightly  shrivelled,  and  the 
contour  lines  become  smoother  and  more  sharply  defined ;  but  the  larger 
processes  of  the  cells  are  completely  preserved.  The  granular  character  of 
the  cell  substance  becomes  somewhat  more  distinct ;  but  there  is  no  more 
evidence  of  the  presence  of  a  membrane  investing  the  cells  as  indicated  by  a 
double  contour  line  now  than  in  the  fresh  state.  In  all  the  cells  the  nucleus 
either  becomes  distinct,  and  presents  a  vesicular  appearance  with  a  coagu- 
lated mass  in  its  centre,  or  loses  its  double  contour,  and  appears  coarsely 
granular  throughout  its  whole  substance.  The  imbibition  of  a  solution  of 
carmine  renders  these  appearances  still  more  distinct.  From  such  hardened 
connective  tissue,  isolated  cells  may  be  obtained  by  teasing  out  the  tissue 
with  needles,  and  they  may  then  present  very  various  forms.  The  most 
common  is  the  fusiform,  very  beautiful  specimens  of  which  may  be  obtained 
from  the  tendons  of  children  and  young  animals,  where  they  are  both  more 


*  See  also  Langhans,  Wurzburger  Natu/rinasenachaftilMhe  Zdtschrift^  Bd.  v.,  p.  86. 
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nnmeroTis  and  more  easily  isolable  than  in  those  of  adults,*  and  also  from 
the  connective  tissue  sheaths  of  the  nerves  in  man  and  mammals.  They 
may  be  obtained  with  equal  facility  from  the  neurilemma  of  the  nen^e 
tnmks  of  frogs,  still  better  from  salamanders  and  tritons,  and  best  of  all 
from  the  proteus,  where  they  are  extraordinarily  large,  and  can  be  isolated 
with  the  greatest  ease ;  such  isolated  fusiform  cells  often  possess  very  long 
nuclei,  which  are  covered  only  by  a  thin  layer  of  cell  substance.  Fusiform 
cells  of  remarkable  size  may  be  obtained  from  the  tendon  of  the  sterno-radial 
muscle  (pre-stemo-claviradial  of  Dug6s).  They  are  here  of  a  greater  length 
than  in  any  other  tendon  of  the  frog,  and  with  their  elongated  nuclei  call  to 
mind  smooth  muscular  fibre.  The  nucleus  of  these  cells  is  on  the  average 
0-0192  millimeti-es  long  and  00032  millimetres  broad.  Their  length  is 
difficult  to  determine,  on  account  of  both  extremities  ending  in  very  fine 
ind  long  processes.  I  found  the  length  of  cells,  which  had  been  com- 
pletely isolated  from  the  surrounding  fibrous  mass,  to  be  in  some  instances 
as  much  as  0*0960  millimetres.  In  the  tendons  of  man,  isolated  fusiform 
cells  were  0-0320  millimetres  long ;  the  length  of  the  nucleus  amounted  to 
0-0 160  millimetres,  and  its  breadth  to  0*0048  millimetres. 

The  cell  substance  of  the  fusiform  cells  is  broader  in  young  animals  and 
in  embryos,  and  here  the  oells  frequently  give  off  branched  processes,  which 
communicate  with  those  proceeding  from  other  stellate  cells.  The  fusiform 
eeUs  are  less  abundant  in  the  fasciculi  of  the  connective  tissue  of  adults  than 
was  formerly  supposed.  They  are  remarkably  developed  in  the  cornea.  In 
embryonic  connective  tissue  they  are  very  numerous,  and  repeatedly  com- 
mimicate  by  means  of  their  processes. 

We  also  meet  with  anastomosing  stellate  cells  in  the  adult  in  the  more 
independent  connective  tissue  foimations,  occupying  the  interspaces  of  the 
fibrous  connective  tissue,  or  in  places  where  fibrous  connective  tissue  is  alto- 
gether absent.  From  a  general  review  of  the  cellular  structures  found  in 
connective  tissue,  it  is  apparent  that,  beginning  with  the  young  cell,  we 
have  to  deal  with  a  series  of  cells  in  various  stages  of  development. 

The  importance  of  any  statement  made  in  regard  to  the  size  and  form  of 
the  cells,  on  which  so  much  stress  was  formerly  laid,  will  be  less  in  propor- 
tion to  the  degree  of  mobility  possessed  by  the  cells  when  in  the  perfectly 
fresh  condition. 

It  would,  however,  be  decidedly  going  too  far,  were  we  to  give  up  aU 
distinguishing  marks  derived  from  the  consideration  of  these  points,  since 
til  experience  tends  to  show  that  a  distinction  must  be  drawn  between 
processes  of  protoplasm  thi-ust  forth  by  vital  movement,  and  capable  of  being 
again  withdrawn,  and  the  fixed  outgrowth  of  cells.  The  genetic  connection 
existing  between  the  various  kinds  of  cells  found  in  connective  tissue,  their 
physiological  peculiarities,  the  chemical  and  physical  alterations  which  they 
nndergo  from  their  first  origin  to  a  certain  ^leriod  of  their  life,  etc.,  are  all 
qnestiona  which  require  further  investigation. 

Lastly,  The  pigment  cells  of  connective  tissue  require  to  be  specially  men- 
Uoned.  In  Man  and  the  higher  Vertebrata  they  occur  only  in  a  few  limited 
Bjjots,  but  they  are  much  more  widely  distributed  in  Amphibia  and  Fishes, 
appearing  especially  in  the  skin,  in  the  serous  membranes,  and  in  the  tunica 
adventitia  of  the  vessels. 

In  these  places  the  pigment  may  also  be  foimd  deposited  in  the  form  of 
granules  which  differ  both  in  shape  and  color. 

*  TrfinghRns,  loe.  at.    Groasendorf,  ZeiUchrift  fui   Sationdle  Medicin^  3  R. ,  Bd. 

TBY.,  p.  186. 
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The  pigment  cells  of  connective  tissue  are  for  the  most  part  characterized 
by  their  beautiful  stellate  form,  and  by  their  numerous  processes. 

In  man,  in  whom  such  pigment  ceUs  occur  normally  only  in  the  eye,  the 
pigment  granules  are  of  black  or  brown  color.  The  substance  of  which  they 
are  composed,  and  which  is  termeii  Melanin,  is  still  but  little  known  in 
regard  to  its  chemical  qualities.  The  granules  ai*e  not  perfectly  round,  but 
sub-cylindiical,  or  elongated  with  rounded  extremities.  They  more  or  less 
completely  fill  the  interior  of  the  stellate  pigment  cells  of  the  eye.  As  a 
general  rule  the  ends  of  the  cell  processes  remain  colorless.  The  nucleus  of 
these  cells,  in  some  cases,  occupies  the  middle  of  the  cell,  and  appears  bright 
and  distinctly  defined  ;  it  contains  no  pigment,  as  is  also  the  case  with  the 
cell  substance  which  bridges  over  the  broad  side  of  the  nucleus,  whilst  the 
cell  mass  lying  around  the  nucleus,  and  its  processes,  are  closely  packed 
with  the  pigment  molecules,  so  that  the  position  of  the  nucleus  appears  as  a 
clear  space.  In  the  stellate  cells  of  the  iris,  and  of  the  choroid  of  man,  the 
pigment  granules  are  most  abundant  shortly  after  birth.*  Pigment  cells 
also  occur  in  the  innermost  layer  of  the  sclerotic.  In  many  animals,  isolated 
pigment  cells  are  thickly  disseminated  throughout  the  whole  thickness  of 
the  sclerotic.  Movemeilts  have  been  observed  in  the  stellate  pigment  cells 
(chromatophores)  of  Amphibia,f  and  Fishes.J  The  pigment  granules  some- 
times appear  collected  into  round  masses,  and  at  others  are  diffused  in  the 
cell  processes,  which  are  often  prolonged  to  a  considerable  distance.  The 
movements  observed  are  exceedingly  tardy  in  adult  frogs,  but  in  the 
embryos  of  these  Batrachians  they  are  somewhat  more  active. §  The  spon- 
taneous changes  of  form  of  the  pigment  cells  in  the  skin  of  these  animals,  or 
those  which  are  called  forth  by  changes  in  the  intensity  of  the  light,  are 
connected  with  the  phenomena  of  change  of  color  which  they  present.! 
Von  Wittichl^  has  described  the  effects  of  electrical  excitation  of  the  pig- 
ment cells  of  Hyla  arborea,  which  appear  to  be  most  sensitive  to  it. 

In  adult  specimens  of  Rana  esculenta  and  tempoi'aria,  and  also  in  Tritons, 
notwithstanding  repeated  trials,  I  was  unable  to  perceive  that  any  influence 
was  exerted  on  the  pigment  cells  by  the  action  of  induction  shocks  of  elec- 
tricity. R.  Wagner  has  observed  the  presence  of  stellate  pigment  cells  pos- 
sessing extraordjnary  motility  in  Cephalopoda.  • 

The  Varieties  of  Connective  Tissue. — In  its  fii-st  formation,  and  during 
the  earliest  stages  of  its  development,  connective  tissue  consists  of  cells 
which,  for  the  most  part,  lie  closely  compressed  together ;  it  then  presents 
a  j>arenchymatous  appearance,  similar  to  that  observed  in  the  embryonic 
tissue  of  certain  neoplastic  formations,  as  the  small-celled  sarcoma  of  Vir- 
chow.** 

Apart  from  this  form  of  connective  tissue,  to  which  we  shall  again  refer 
in  the  history  of  its  development,  that  of  the  adult  organism  can  be  an-anged 
under  two  heads;  one  of  which  includes  those  varieties  of  networks  and 
trabeculue  that  are  developed  from  cells,  whilst  the  other  includes  the  fibril- 
lar connective  tissue,  characterized  by  the  presence  of  peculiar  invariably 


*  Br&cke,  AruUomMche  Beschreihung  d^smenschUchen  Augapfdt.     Berlin,  1846,  p.  30. 
>  Briicke,  Denkachriften  der  Wiener  Akudemie,  Bd.  iv. ,  p.  23. 
:  Buchholtz,  Reichert  and  Da  Bois'  ArcMv,  1863,  p.  74. 
5  Buach,  MuUer's  Archiv,  1856,  p.  425. 
Brucke,  loc.  eit, 

~  Von  Wittich,  MuDer'B  Arehio,  1854,  p.  41. 
♦•  Die  krankh€^ten  Oetehwuiate,  Bd.  ii,  p.  224,  fig.  140. 
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anbranched  fibres  (connective  tissue  fibrils)  compoBed  of  a  gelatine-yielding 
substance. 

Conneetipe-tisstie  Plexuses  and  Trahecvlce. — These  forms  do  not  yield 
^latine  on  boiling.  They  either  occur  in  large  independent  masses,  or  they 
ODntain  other  tissues,  to  which  they  give  support  and  covering,  in  the 
laam»  of  their  meshes,  which  are  sometimes  more  delicate  and  sometimes 
ooaner. 

0.  In  the  former  case  the  connective  tissue  is  usually  characterized  by  its 
raecnlency  and  its  ready  compressibility.  The  larger  masses  are  transpar- 
ent, or  at  least  very  translucent,  and  on  section,  in  consequence  of  the 
eseape  of  fluid,  easily  collapse  (gelatinous  tissue  of  Yirchow).  On  the  addi- 
tioD  of  acetic  acid,  a  flocculent  and  threadlike  precipitate  of  Mucin  can  fre- 
quently be  obtained  in  considerable  quantity  from  the  escaped  fluid  which 
is  again  dissolved  on  adding  an  excess  of  the  acid  (mucous  tissue,  Virchow).* 
The  morphological  constituents  of  the  tissue  consist  of  delicate  and  soft  cell 
straetures  containing  nuclei,  fi-om  which  smooth  trabeculse  are  given  off  in 
varioos  directions,  that  branch  and  anastomose  with  one  another.  Or  there 
may  occur  in  place  of  the  cell  plexus  a  delicate  network  of  smooth  non- 
nucleated  trab^ulte,  which  present  enlargements  at  t1ie  points  where  they  in- 
teroommunicate.  A  larger  or  smaller  number  of  amoeboid  cells  are  discover- 
able in  the  amorphous  substance  lying  between  the  fully  developed  cells. 

Hie  tissue  of  the  jelly-like  substance  of  the  umbilical  cord  described  by 
Wharton,  as  it  appears  in  the  earlier  periods  of  the  development  of  the 
embryo,  is  to  be  reckoned  amongst  these  forms.  At  a  later  period,  espe- 
cially in  preserved  specimens,  a  not  inconsiderable  quantity  of  the  original 
tiaaue  may  be  found,  associated  sometimes  with  fasciculi  of  fibrils,  agreeing 
viih  those  that,  as  we  shall  subsequently  see,  compose  the  fibrillte  of  con- 
nective tissue.f  The  substance  which  occupies  the  Sinus  rhomboidalis  of 
birds  is  usually  regarded  as  belonging  to  the  raucous  or  gelatinous  form  of 
eonnective  tissue ;  and  a  similar  material  is  frequently  met  with  in  fishes, 
espedallj  in  the  electric  and  pseud-electric  organs ;  in  the  vicinity  of  the 
mucous  canals  of  the  Sturgeon  and  Plagiostomata,  in  various  parts  of  the 
body  in  the  Carj>,  Tench,  Dace,  and  Eel,  and  beneath  the  sclerotic.J  The 
Titreous  humor  of  the  eye  may  also  be  regarded  as  an  example  of  it.  The 
presence  of  gelatinous  tissue  has  also  been  demonstrated  in  the  Invertebrata, 
Heteropods,  Medusae,  etc.§ 

As  long  as  we  consider  a  given  object  to  belong  to  this  kind  of  connective 
tioBue  from  its  external  appearance  alone,  and  without  regaa*d  to  its  chemical 
and  physiological  characters,  it  is  difiicult  to  meet  the  objection  that  our 
generalization  is  founded  on  comparatively  coarse  analogies,  which  could  no 
longer  be  maintained  were  the  tissues  to  be  subjected  to  more  accurate  chem- 
ical and  physiological  investigation.  It  may,  on  the  other  hand,  however, 
be  remaric^  that  a  considerable  quantity  of  the  connective  tissue  in  the 
body  at  a  particular  stage  of  its  development  presents  the  appearance  of  gela- 

•  Wiiftbnrger  Verhandlungen,  Band  ii ,  p.  160,  Cellular  Pathologie. 

t  Henle,  Jahretibenchi  fur  1858,  p.  61,  et  seq.  Weismann,  ZeiUchrift  fur  RaUojieUe 
M^dkin^  Band  xi.,  3  B. ,  p.  140.  Beale.  Strvctvre  of  the  Simple  l^mues.  Koster,  Veber 
die  fmere  Strwstwr  der  meMchUek  Nahehchnur  ('On  the  finer  Structure  of  the 
Ihiibilical  Cold"),  Inaug.  diesert.     Wtirzbuig,  1868,  pp.  16  and  17. 

X  Leydig,  Mailer's  AnMv.  1854,  p.  316. 

§  Gegenbanr,  Monographie  der  Pteropoden  vnd  Ueteropoden,  Leipzig.  1855.  Max 
6<Aa]txe.  MtUler's  AreHv,  1856,  p.  814.  Leydig,  Vergldrhende  HistoU^.  KoUiker, 
ZtUtehrift  far  tmsensehaftUche  Zodogie,  Band  iv.,  p.  863:  and  Wiirzbvrger  Nature, 
ZmUchrifl,  Band  v. ,  p.  2;i2,  1864. 
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tinoiis  tissue,  and  also  that  in  pathological  neoplastic  formations  proceeding 
from  connective  tissue  the  sfime  condition  is  frequently  met  with. 

b.  A  very  delicate  retiform  connective  tissue,  fulfilling  the  purposes  of 
support  and  protection,  and  therefore  here  first  mentioned  amongst  those 
jwssessing  simibvr  chamcters,  occurs  in  the  connective  tissue  of  the  eye  and 
in  the  interior  of  the  nervous  centres  (Neuroglia,  Virchow).  That  this  is 
really  a  form  of  connective  tissue  was  first  maintained  by  Max  Schultze,* 
with  whom  Kolliker,f  Virchow,J  Deiters,§  and  others  are  in  accordance. 
In  regard  to  the  paHicular  features  presented  by  this  form,  we  must  refer  to 
the  special  descriptions  of  the  several  organs.  Hirzel  and  Frey||  consider 
they  have  met  the  same  tissue  in  the  hybemating  glands  of  some  mammals. 

c,  A  remarkable  form  of  connective  tissue  occurs  in  the  supporting  and 
investing  reticulum  of  the  glands  of  the  lymphatic  system  and  allied  organs 
in  connection  with  their  blood  capillaries,  and  around  the  fasciculi  of  fibrillar 
connective  tissue. 

In  the  lymph  glands  and  analogous  structures — such  as  the  glands  of 
Peyer,  the  solitary  glands  of  the  intestine,  the  mucous  membrane  itself  of 
the  alimentai-y  canal,  the  tonsils,  the  follicles  at  the  root  of  the  tongue,  the 
trachoma  glands*of  the  conjunctiva,  the  tissue  of  the  conjunctiva  itself,  and 
the  nasal  portion  of  the  pharynx  in  man — this  retiform  tissue  has  been  accu- 
rately described  by  Billroth,!  Eckhard,**  Heidenhain,tt  His,tJ  Frey,§§ 
Henle,||||  Stieda,!T  and  Luschka.***  The  meshes  of  the  network  are  in 
all  these  instances  filled  with  cells  resembling  those  of  the  lymph  in  various 
stages  of  development.  The  network  and  the  lymphoid  cellular  elements 
have  been  collectively  designated  adenoid  tissue  by  His,  and  cy togenous  con- 
nective tissue  by  Kolliker.  The  trabecule  of  the  reticulum  may  be  observed 
also  to  traverse  the  larger  cavities  of  these  glandular  structures. 

In  the  fresh  condition,  the  reticulum  is  soft  and  easily  torn.  It  can  only 
be  exhibited  in  its  integrity  by  carefully  brushing  fine  sections  of  the  hard- 
ened tissue  with  a  camel-hair  pencil  (His),  by  which  means  the  adhering 
lymphoid  cells  can  be  removed.  A  delicate  network  i*emains  behind,  com- 
posed of  nucleated  cells  which  enclose  rounded  or  polygonal  areol®.  The 
trabeculsB  of  this  network  proceed  from  a  substance  surix^unding,  and  some- 
what thicker  than  the  nucleus,  which  may  be  regarded  as  the  body  of  one 
of  the  stellate  cells  from  which  the  tiabeculai  are  derived.  The  trabeculae  to 
which  such  a  cell  may  be  referred  as  a  nodal  point,  or  common  point  of 

♦  De  ReUnce  Structura  Penitkm,  Bonn,  1859.  ArtMv  fur  3iikroskop.  Anatomie^ 
Bandii.,  p.  201. 

+  Qewebdehre.     Leipzig,  1867,  p.  266. 

i  Die  krankhaften  Ge^cJiitftlste,  Band  ii,  p.  128. 

§  UnUr»uc7iunjen  uber  GeJiim  und  Biickenmark,  lieravsgegeben  von  Max  Schultze. 
Braunschweig,  186.1,  p.  27. 

I  Frey,  Iliittologie  und  HtHtonhemie^  Leipzig,  1867,  p.  233  ;  und  Zeitsehrift  f&r  wia- 
senacJinftUche  Zoohgie,  Band  xii.,  p.  16i5. 

^  Mjller'g  Arcfiiv.  1857,  p.  88^  v.  BeitrUge  zur  PatMogischen  Ilistologiey  **  Easays  on 
Pathological  Histology."  Berlin,  1858,  p.  126.  Virchow's  ArckCv,  Band  xx,  p.  409  ; 
and  Band  xxiii.,  p.  4'>7.     ZdUahriftfur  wmefisehaftUek^  Zootogie,  Band  xL,  p.  335. 

**  De  glandtMrum  Lyrti%}haticarum  Striuitxira,     Berlin,  1858. 

+f  Reichert  and  Du  Bois'  Archiv,  1^59,  p.  460. 

it  Zeit9ckrift  fur  witaeiuidiaftUcJie  Zwji'fffie,  Band  x,  p.  333,  r.  Band  xi,  p.  416. 

g§  UntersiLcJiHiigen  uber  die  LyinphdrhLnen  deji  Menschen  und  der  Sdugethiere^  **  Re- 
searches on  the  Lymphatic  Glands  of  Man  and  Mamroals."  Leipzig,  1861.  Z^^ 
9cJiriftfilr  wiJt«enHchaftlic/ie  Zoologie,  Band  xii.,  p.  336,  and  Band  xiii.,  pp.  1  and  28. 

II  IIandbu4ih  der  Syttteniatincfien  Anatomie  des  Menschen^  Band  iL,  p.  702. 
iT  ArMnfUr  MikroskopiscJte  Anatomie^  Band  UL,  p.  360. 

***  Archie  far  MikroskopincJie  Anatomie,  Band  iv.,  p.  1. 
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union,  are  either  simple,  and  join  with  similar  processes  given  off  from  neigh- 
boring  cells,  or  first  give  off  a  seiies  of  still  finer  trabeculas,  which  then 
communicate  with  each  other. 

The  reticulum  of  the  lymphoid  organs  contains  not  only  cells  in  its  areola?, 
but  also  supports  blood-vessels,  and  the  trabecular  unite  upon  the  external 
surfiice  of  the  vessels  to  form  a  kind  of  Tunica  adventitia.  And  hence  in 
the  capillanes,  this  layer  was  designated  by  His  the  Adventitia  capillaris. 
The  trabeculse  of  the  latter  must  not  be  confounded  with  the  processes  given 
off  from  the  wall  of  the  vessel  itself,  which,  as  they  develop,  present  in  the 
part  lying  at  some  distance  from  the  artery,  the  a])pearance  of  a  solid  tra- 
becttla,  but  which  gradually  become  hollow  as  they  approximate  the  arteiy 
to  which  they  are  attached. 

The  reticulum  does  not,  in  all  instances,  nor  in  all  parts  of  the  organs 
above  named,  present  the  characters  of  such  a  network  as  we  have  described. 
When  developed  to  a  greater  extent,  it  passes  into  a  network  of  non-nucleated 
trabecuhe*  which  are  of  a  far  more  rigid  nature,  and  often  appear  consider- 
ably expanded.  A  trellis- work  of  this  kind  may,  from  its  resistance  to  acids, 
easily  he  mistaken  for  the  elastic  fibrous  networks  we  shall  hereafter  describe, 
and  which  have  a  similar  plexiform  arrangement.  But  as  the  latter  are 
distinguished  from  the  fibrillar  connective  tissue  by  the  circumstance  that 
the  connective  tissue  fibres  are  never  branched  and  never  form  networks, 
though  their  fibrous  bundles  frequently  present  a  net-like  arrangement ;  so 
is  this  also  distinguished  from  the  elastic  fibre,  networks  by  the  circumstance 
that,  unlike  these,  it  is  incapable  of  resisting  the  action  of  a  solution  of 
soda.  It  has  been  previously  stated,  that  reticula,  similar  to  those  found  in 
the  lymphatic  glands,  are  found  also  in  other  places. 

Fig.  12. 


Fig.  12.    Trabectilse  from  the  Ligamentum  pectinatum  iridis  of  man, 


A  wide-meshed  network  of  trabeculae  is  found  constituting  a  kind  of  in- 
vesting layer,  winding  around  the  bundles  of  tlie  fibrillar  connective  tis- 
sue hereafter  to  be  desci-ibed.  In  consequence  of  the  appearances  to  which 
this  gives  rise,  when  the  fasciculi  in  question  swell  up  under  the  influence 
of  acetic  acid,  it  has  led  some  to  admit  the  presence  of  a  structureless  sheath 
surrounding  each  fasciculus.     If  have  myself  depicted  and  given  a  descrip- 

•  Henle,  ZmUehrift  fur  BatUmdU  Mediein,  Band  viii.,   3  R.,  p.  201.  Eckhard,  loe. 
cU. 
t  Wiener  8U2ung$benehte,  Band  zzz.,  p.  71,  fig.  12. 
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tion  of  the  spiral  trabeculfs  found  in  the  skin  of  the  ox.  KoUiker,*  however, 
still  describes  these  spiral  fibres  running  around  the  bundles  of  the  pia  mater 
of  the  foetus  and  recently  bom  animals  as  a  nucleated  cell  reticulum. 

A  very  delicate  investing  reticulum  developed  from  nucleated  cells  (peri- 
vascular plexus)  has  recently  been  described  by  Iwanoff  f  in  the  vessels  of 
the  vitreous  humor  in  the  frog.  He  has  also  pointed  out  the  distinctions 
which  exist  between  the  trabecul«  of  the  reticulum  and  the  processes  of  the 
vessels. 

d,  A  coarser  connective  tissue  network,  with  large  meshes,  composed  of 
broad  and  stiff  trabecules,  forming  a  firm  homogeneous  mass,  occurs  in  the 
Ligamentum  pectinatum  iridis  of  man.  These  trabecules  exhibit  an  indis- 
tinct, interrupted,  and  not  very  regular  longitudinal  striation  (fig.  12).  Max 
Schultze  has  well  compared  them  with  the  anastomosing  fibrous  cords  of  the 
gelatinous  substance  composing  the  Medusie.^  The  statement  made  by 
Haase,§  that  the  Ligamentum  pectinatum  of  man  really  consists  of  the  fibril- 
lar form  of  connective  tissue,  is  erroneous. 

On  the  other  hand,  the  Ligamentum  pectinatum  of  animals  (ox,  sheep, 
pig),  differs  from  that  of  man  in  being  composed  of  connective  tissue,  with 
which  many  elastic  fibres  are  intermingled.  The  gradual  modification  the 
trabecul89  of  the  Ligamentum  pectinatum  undergo  at  the  point  where  they 
become  continuous  .with  the  membrane  of  Descemet  in  man,  is  worthy  of 
particular  remark,  as  it  can  be  clearly  seen  to  occur,  especially  in  new-bom 
infants.  The  trabecules  widen  out ;  the  meshes  diminish  in  diameter,  and, 
near  the  membrane  of  the  vitreous  humor,  only  present  small  interstices. 
In  human  embryos  of  about  the  fifth  month,  the  Ligamentum  pectinatum 
can  be  still  seen  to  be  composed  of  cells  which  give  off  broad  processes,  com- 
municating with  one  another  in  the  same  way  that  the  trabeculas  do  at  a 
later  j>eriod.  In  soms  of  these  cells  the  nucleus,  which  subsequently  vanishes, 
is  already  small,  dull  in  appearance,  and  ill-defined,  though  in  others  it  is 
still  granular  and  distinct.  The  latter  featui-es  are  well  brought  out  in  pre- 
parations colored  with  carmine.  A  great  number  of  beautifully  defined  stel- 
late cells  occupy  the  interspaces  of  the  trabecules  of  the  Ligamentum  pecti- 
natum just  described. 

e.  There  stiU  remains  to  be  mentioned  the  connective  tissue  supporting 
masses  which  occur  in  various  places,  and  are  composed  of  fusiform  and 
stellate  cells.  The  best  example  we  can  adduce  of  this  is  the  connective  tis- 
sue in  the  interior  of  the  kidneys.]  This  does  not  present  any  proper  reti- 
culum comparable  to  that  of  the  previously  described  forms.  In  sections  of 
the  organ  from  which  the  gland  tubes  have  been  removed  by  pencilling,  a 
connective  tissue  meshwork  can  indeed  be  exhibited ;  but  it  may  also  be 
seen  that  its  trabecules  form  a  laminated  mass,  supporting  or  investing  the 
tubuli  of  the  gland,  in  which  fusiform  and  stellate  cells  lie  closely  congre- 
gated together.  Boll^  has  recently  described  and  represented  a  plexifoi-m 
connective  tissue,  consisting  of  a  simple  layer  of  cells  united  into  a  plexus, 
investing  the  acini  of  the  scJivary  and  lachrymal  glands. 


*  ZeUsehrift  fur  wiaseMchaftUehe  Zodogie.  Band  ix. ,  p.  146 ;  und  Gewebekhre.  Leip- 
rig,  1807,  p.  79,  fig.  86. 

f  CentralMattftlr  die  AMidnischm  Wisaeruehaftm,  1868,  No.  9. 

i  MullerV^rc/«i7,  1856,  p.  819,  fig.  7. 

^AtrAhfur  OpJithalmologie,  Band  xiv.,  p.  48,  etaeq, 

I  A,  Bmt^  die  BindsHvbstam  der  menschUchen  Mere,  etc.,  **  The  Connective  Tissue 
of  the  Human  Kidney.**  eta  Berlin.  18.59.  Isaac's  Recherches  sur  Ui  Stnicture  et  la 
Phymologie  du  Jidn^  Journal  de  la  Phymdogie,  T.  i  Paris,  1858,  p.  577.  Kolliker, 
Handbueh  der  Oewebdefire.     Leipzig,  1866,  p.  509. 

^  Archivfur  MUcroekapieehe  Anatomie,  Band  iv.,  p.  146,  T.  i 
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An  investing  layer  of  fusiform  cells  constituting  a  perineurium  may  be 
found  also  on  the  peripheric  branches  of  nerves,  especially  amongst  the 
Batrachia. 

A  similar  covering  is  also  found  in  the  excretory  ducts  of  the  mammary 
gl&Dds  and  elsewhere. 

The  forms  of  connective  tissue  hitherto  described  are  distinct  from  the 
fibrillar  connective  tissue  which  is  so  frequently  found  in  the  adult  organism. 
In  this,  the  connective  tissue  fibrils,  which  ai-e  so  well  characterized  by  their 
yielding  gelatine  on  boiling,  by  their  unbi-anched  Jourse,  their  smooth  edges, 
and  equal  thickness,  constitute  the  essential  morphological  constituent.  It 
must  be  admitted,  however,  that  in  certain  cases  transitional  forms  occur 
between  the  fibrillar  and  the  above-mentioned  forms  of  connective  tissue* 
These  may  be  met  with  in  many  places,  but  clearly  do  not  hinder  us  from 
ikdmitting  that  in  other  places  a  distinction  may  be  drawn  between  the  two 
in  aooordance  with  the  facts  ali*eady  given.  Otherwise,  the  difficulty  may 
easily  arise  that  was  frequently  observable  in  the  old  discussion,  as  to  whe- 
ther the  structures  under  examination  should  be  regarded  as  connective  or 
as  elastic  tissue. 

Fibrillar  Connective  Tissue. — This  is  the  most  widely  distributed  form 
that  is  found  amongst  the  Vertebi'ata ;  but  it  has  not  been  clearly  proved 
whether  it  occurs  amongst  the  Invertebrata.  The  connective  tissue  which 
18  most  similar  to  the  fibrillar  connective  tissue  of  Vertebrata  is  that  de- 
scribed by  Leydig  in  the  Cephalopods.*  According  to  the  same  inquirer,f 
a  fibrillar  connective  tissue,  very  similar  to  fibrous  connective  tissue,  occurs 
alao  in  the  Echinodermata.  Reichert  described  as  belonging  to  connective 
tiasae,  certain  tissues  found  in  Arthropods,  Molluscs,  and  Vermes.  No 
evidence,  however,  is  furnished,  that  these  tissues    ai'e  gelatine-yielding. 

Fig.  13. 


Fig.  13.    Tendon  of  man,  showing  fibrils  and  fusiform  cells. 

Several  of  them  probably  consist  rather  of  Chitin.     Schlossberger|  obtained 
no  gelatine  from  the  claws  of  crabs. 


•  MuHefB  Anskiv,  1854,  pp.  303  and  310. 
Loe.  eU, 
Chemie  der  Qewebe,    Ldpdg  und  Heiddberg,  1856,  p.  300. 
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Originallj,  fibrillar  connective  tissue,  as  already  mentioned,  was  the  only 
form  to  which  the  term  connective  tissue  was  applied.  The  morphological 
constituents  which  can  be  demonstrated  in  it,  are  fibi-es  and  cells  of  various 
kinds.  These  elements  are  only  here  and  there  in  direct  contact  with  each 
other ;  elsewhere  the  intervening  spaces  are  occupied  with  a  material  of 
variable  consistence. 

In  the  fibrillar  connective  tissue  of  adult  animals  a  certain  kind  of  the 
fibrous  elementary  form  constitutes  so  large  a  proportion  of  the  old  tissue 
that  it  exclusively  occupied  the  attention  of  the  earlier  investigatora.  This 
is  composed  of  the  already  frequently  mentioned  gelatine-3n.elding  fibriL 
The  simplest  preparation,  the  mere  teasing  out  with  needles  of  a  small  por- 
tion of  fibrillar  connective  tissue,  shows  that  it  may  be  split  into  skein-like 
portions  of  various  breadth. 

The  lateral  borders  of  these  cords  present  straight  or  more  or  less  sinuous 
outlines ;  and  with  strong  magnifying  ])ower8  fine  striae  may  be  observed 
lying  in  close  contiguity  to  one  another,  and  following  accurately,  in  a  longi- 
tudinal direction,  the  contour  of  the  cord.  In  thin  transparent  membranes, 
as,  for  example,  in  the  mesentery,  or  in  the  arachnoid,  these  fasciculi  of  the 
connective  tissue  may  be  immediately  recognized  without  any  preparation.. 
If  such  longitudinally  striated  cords  be  further  broken  up,  we  may  easily 
convince  ourselves  that,  in  accordance  with  the  longitudinal  striation  they 
exhibit  (fig.  13),  they  may  be  split  into  fine  smooth  fibres,  running  for  con- 
siderable distances  without  apparently  giving  off  any  branches.  The  diame- 
ter of  these  fibres  is  very  small,  vaiying  from  0*0006  to  0*002  millimetres. 
These  fibres  are  the  fibrill»  of  the  connective  tissue ;  and  when  examined 
by  means  of  the  polarizing  microscope,  the  fibiiJs  and  the  fieksciculi  they 
form  prove  to  be  doubly  refractile.*  The  axis  lies  in  the  longitudinal 
direction  of  the  fibrils,  and  they  behave  as  positive  uniaxial  crystals.f  They 
cannot,  however,  be  isolated  from  the  connective  tissue  by  simple  mechani- 
cal means.  We  possess,  however,  in  solutions  of  lime  and  baryta,  fluids 
which,  if  they  have  acted  for  some  time  upon  connective  tissue,  loosen  the 
adhesion  of  the  fibres  to  one  another  to  so  great  an  extent  that  nothing 
further  is  required  to  obtain  the  detached  fasciculi  and  even  completely 
isolated  fibres  for  microscopical  investigation.  The  lime-water  in  which 
connective  tissue,  freed  as  far  as  possible  from  extraneous  substances  {e,  g.j 
clean  tendon),  has  undergone  this  loosening  of  its  cohesion,  contains  a  sub- 
stance which  can  be  precipitated  from  it  by  means  of  acetic  acid  in  the  form 
of  white  granules,  which  subsequently  form  flocculi.  This  reaction  still 
occurs,  even  if  the  connective  tissue,  before  being  placed  in  the  lime-water, 
has  had  all  the  albuminous  substances  soluble  in  water  as  far  as  possible 
withdrawn  from  it.  The  substance  taken  up  by  the  lime-water,  and  capable 
of  being  again  precipitated  from  it,  agrees  in  its  reactions  with  Mucin.^ 
On  account  of  the  mechanical  alteration  which  the  connective  tissue  fibrils 
undergo  by  this  procedure,  it  may  reasonably  be  admitted  that  a  solution 
has  taken  place  of  a  cementing  substance  occupying  the  interspaces  bet^^een^ 
and  binding  together,  the  fibrous  elements.§     Wherever  the  fasciculi  of  the 

•  Erlaoh,  MiiUer's  Arehiv,  1847,  p.  322. 

t  W.  Miiiler,  ZeUacJinft  fur  Batiofielle  Median,  8  R.,  Band  x.,  p.  173.  See  also 
Valentin,  Untermchung  der  PJlamen,  und  TMergewebe  im  polarmrten  LichU,  p.  d65, 
*^  Researches  on  the  Tissues  of  Plants  and  Ammals  m  Polarized  Light;  "  and  Matten- 
heimer,  Reichert  and  Du  Bois*  ArrMv,  1860,  p.  354. 

t  RoUett,  Sitzungsberichte  der  Wiener  Akaderme,  Band  xxxix.,  p.  308.  Eichwald, 
AnruUen  der  Chemie  und  Pharmacies  Band  cxxxiv.,  p,  177. 

§  Bollett,  SitzungtberiehU  der  Wiener  Akademie,  Band  xxx.,  p.  43. 
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coDnective  tissue  app>€ar  separated  to  a  considerable  distance  from  one  another, 
an  interrening  material  of  this  kind  may  be  directly  observed.  Statements 
in  accordance  with  this  were  first  made  by  Schwann,  and  subsequently  by 
Henle,  the  meshes  of  the  ai-achnoid  being  particularly  alluded  to  by  the 
Isst'-njimed  author.* 

Eiihne  f  demonstrates  the  possession  of  quite  definite  mechanical  pecu- 
liarities by  the  homogeneous  substance  intervening  between  the  muscles  of 
the  frog  which  only  contains  scattered  fibrils.  A  separation  of  connective 
tissae  into  fibrils  can  also  be  attained  through  the  chemical  action  of  per- 
manganate of  |>otash.|  Connective  tissue,  when  acted  on  by  permanganate 
of  potash,  becomes  stained  of  a  brown  color ;  and  if  it  be  then  treated 
with  boiling  nitric  acid  and  ammonia,  it  no  longer  assumes  a  yellow 
color.  Connective  tissue  that  has  been  well  waBhed,§  furnishes  only  feeble 
indications  of  the  xantho-proteinic  acid  reaction.  ||  The  same  occurs  with 
tendons  that  have  undergone  calcification.  It  thus  appears  that  it  is  not  the 
collagenous  substance  which  causes  all  insufficiently  purified  connective 
tissue  to  become  stained  yellow  with  these  reagents.^  The  fibrils  of  the 
connective  tissue,  and  the  fasciculi  which  they  form,  undergo  a  peculiar 
diange  at  a  high  temperature.  When  placed  in  boiling  water,  they  rapidly 
contract,  becoming  shorter  but  much  thicker  than  in  the  fresh  condition, 
and  at  the  sanfe  time  presenting  a  much  more  delicate  outline.  Coincidently 
the  characteristic  longitudinal  striation  of  the  fasciculi  is  lost.  These, 
eqnally  with  the  compact  connective  tissue  in  which  coarse  fasciculi  lie  in 
intimate  connection  with  one  another,  assume  the  appearance  of  a  homo- 
geneous mass,  in  which,  however,  under  the  microscope,  various  deposits 
that  scarcely  appear  in  the  fresh  tissue,  or  altogether  escape  notice,  are 
clearly  brought  into  view. 

The  sudden  shrivelling  which  the  fibrils  of  connective  tissue  undergo  in 
boiling  water,  depends  on  a  peculiar  molecular  metamorphosis  of  the  sub- 
itanoe  of  the  fibrils.  It  is  impossible  to  demonstrate  that  any  imbibition  of 
water  occurs.  If  the  connective  tissue  be  exposed  to  a  boiling  temperature, 
whilst  at  the  same  time  ahy  shortening  in  the  longitudinal  direction  of  the 
fibres  is  j)re vented,  the  tissue  thus  heated,  when  dried,  still  retains,  under 
the  microscope,  its  fascicular  and  fibrous  character.  If  small  portions  of 
tendon  are  macerated  in  water  of  various  temperature,  it  will  be  observed 
that  sudden  contraction  occurs  at  as  low  a  temperature  as  between  1 40° 
and  158°  Fahr.  When  coimective  tissue  is  long  subjected  to  a  boiling 
tem]jerature,  or  is  placed  for  a  shorter  time  in  a  Papin's  digester,  or  if,  in 
its  natural  condition  of  moisture,  it  is  heated  in  a  test  tube  to  248°  Fahr.,** 
it  dissolves  away  in  the  manner  already  mentioned,  and  the  fibres  can  in 
this  mode  be  isolated.  The  solutions  which  are  obtained  usually  contain 
gektine  or  "  Glutin." 

()n  account  of  their  property  of  yielding  gelatine  on  boiling,  the  fibrils 
and  fasciculi  of  connective  tissue  are  termed  collagenous  substance.  The 
conversion  into  gelatine  occurs  even  at  104°  Fahr.,  providing  dilute  acids 


•  Henle,  AUgemdne  Anaionus,  p.  349. 

♦  Kulme,  Lehrbuch  der  Phydaioffiwhen  Ghenm.     Leipzig.  1866,  p.  350. 

\  RoUett,  SUzun^tbefrichU  der  Wiener  Akademie,  Band  xxziii.,  p.  519,  et  eeg, 
§  RoUett,  loe.  eU.,  Band  zxdii.,  p.  533. 
f  DovidevB,  UoBdndudu  Beitrage,  Band  1.,  1848,  p.  67. 
^  Paolaen,  Obeertationee  Mierockemicm.    Mitau,  1849. 

**  RoUett,  KQfane,  Ueber  die  peripheriechen  Endargane  der  motorUelien  Nerven^  p. 
Leipzig,  1862. 
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have  been  added;  as,  for  example,  sulphurous  acid,*  or  0*1  per  cent,  of 
sulphuric  acid.f  Founded  on  these  facts,  methods  have  been  suggested  for 
the  isolation  of  microscopic  structures  which  do  not  yield  gelatine,  but 
which  are  imbedded  in  or  surrounded  by  connective  tissue.  The  first  effect 
of  the  acid,  when  applied  at  ordinary  temperatures,  is  that  the  tissue  swells 
up  to  a  great  extent,  especially  in  the  direction  of  the  transverse  diameter 
of  the  fasciculi  and  fibrils.  The  latter,  which  are  thus  rendered  less  strongly 
refractile,  become  so  compressed  against  one  another  with  their  glutinous 
surfaces,  that  their  contours  can  no  longer  be  distinguished;  and  in  the 
transparent  mass,  as  in  boiled  connective  tissue,  new  elementary  forms  now 
make  their  appearance.  Acetic  acid  is  usually  employed  to  produce  this 
change,  and  by  this  means  to  distinguish  the  fibrils  of  connective  tissue 
from  those  of  other  fibrous  structures. 

Several  other  vegetable  acids  and  dilut-ed  mineral  acids,  especially  hydro- 
chloric acid  of  0*1  j)er  cent.,  and  similarly  diluted  nitric  acid,  act  in  the 
same  manner  as  acetic  acid. 

After  treatment  with  acids,  contractions  resembling  an  hour-glass  fre- 
quently occur  in  the  fasciculi  of  connective  tissue,  their  enlargement  appear- 
ing to  be  prevented  at  certain  points  by  a  firmly  applied  ligature.  These 
are  the  mnch-discussed  fasciculi  of  connective  tissue  surrounded  by  coiled 
fibres.  The  appearance  of  constrictions  was  formerly  held  to  be  due  to 
spiral  fibres  winding  round  the  fasciculi,  which,  on  account  of  their  not 
swelling  in  acetic  acid,  were  considered  to  be  of  an  elastic  nature.| 

At  a  later  period  attempts  were  made  in  vaiious  quarters  to  support  a 
view  first  advanced  by  B.eichert,§  which  attributed  the  contractions  of  the 
swollen  bundles  to  the  sheath  of  the  connective  tissue  being  torn  in  the  act 
of  swelling  up  into  loop-like  portions.  The  presence  of  such  a  sheath  cover- 
ing the  fasciculi  in  the  form  of  a  continuous  membrane  cannot,  however,  be 
demonstrated  in  fresh  fasciculi;  we  may,  however,  convince  ourselves  of 
the  presence  of  coiled  fibres  forming  a  plexus  ai'ound  these,  the  fibres  being 
sometimes  finer  and  sometimes  coarser.  On  the  cautious  addition  of  alka- 
lies to  connective  tissue  swollen  by  means  of  acids  till  neutralization  is 
effected,  it  may  again  be  made  to  resume  its  original  appearance ;  a  fact 
which  Henle  fii-st  adduced  against  Reichert's  view,  who  especially  rested 
his  doctrine  upon  the  absence  of  apparent  structure  in  the  fibrillar  connec- 
tive tissue  when  acted  on  by  acetic  acid,  and  on  the  impossibility  of  split- 
ting connective  tissue  into  fibres  otherwise  than  by  mechanical  means.  The 
proposition  of  Reichert  is  also  negatived  by  the  facts  already  adduced. 

In  rBference  to  the  capability  of  bringing  back  the  fibrils  and  bundles  to 
their  original  condition  after  having  been  swollen  by  immersion  in  acids,  it 
must  be  remarked  that  the  experiment  must  not  be  too  long  delayed,  since 
protracted  action  of  acids,  even  at  a  low  temperature,  actually  effects  the 
solution  of  the  fibrils  with  formation  of  gelatine.  It  is  further  to  be 
remarked  that,  in  solutions  of  pure  alkalies,  connective  tissue  in  the  first 
instance  swells  up  into  the  form  of  a  transparent  jelly,  and  that  at  a  later 
period  the  fibrils  undergo  complete  solution.  Concentrated  nitric  acid,  at 
the  commencement  of  its  action,  causes  the  same  sudden  contraction  of  the 
fibres  of  connective  tissue  that  occurs  at  temperatures  exceeding  140^  Fahr. 

*  Rathay,  Annalen  der  Ghetmie  und  Pharmaeie^  Band  zlL ,  p.  236. 

j  Kuhne,  loc.  eit,,  p.  11. 

I  Henle,  AUgemeine  Anatorme,  Band  exev.,  Jahresberieitt  far  1857,  p.  38. 

§  Reiohert,  Mailer's  Archiv^  1847.  Leydig,  Histoiogie  des  Mensehen  vnd  der  Thiere. 
Frankfort,  1857,  p.  31.  Klopsch,  Miiller'B  JrcAiv,  1868,  p.  417.  KoUiker,  ZeitfichHft 
fur  wuaensehaftUche  Zcohgie^  Band  ix.,  p.  140. 
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Wlien  covered  with  chloride  of  calcium  or  potash,  the  fascicula  and  fibiils 
become  hardened  by  the  withdrawal  of  water.  In  solutions  of  tannin  a 
sufficient  quantity  of  connective  tissue  soon  removes  all  the  acid.  Leather 
thus  obtained,  especially  if  the  connective  tissue  have  previously  been  ex- 
poied  to  the  action  of  lime,  is  better  adapted  Uian  when  hardened  by  other 
means,  for  the  preparation  of  fine  sections,  to  exhibit  the  arrangement  of 
the  fiisciculi  in  eompact  masses.* 

If  in  such  sections  the  fEtsciculi,  hitherto  only  considei*)d  in  the  direction 
of  their  lengtli,  be  cut  across,  the  fine  transverse  sections  of  the  fibrils  lying 
in  close  contiguity  with  one  another  appear  in  the  form  of  round  or  some- 
what angular  dots.  This  view  is,  however,  far  better  obtained  if  the  fresh 
dnae  be  allowed  to  freeze  on  a  leaden  plate,  resting  on  an  iron  support, 
tnd  80  imbedded  in  a  freezing  mixture  that  only  the  upper  surface  is  ex- 
posed, the  sections  being  then  made  on  the  plate  with  a  cold  knife.  Henle 
and  Stadelmann  f  were  the  first  to  see  the  ti*ansverse  sections  of  the  fibrils 
in  sections  of  dry  tendon. 

Sections  made  from  frozen  or  dry  tendons,  when  treated  with  acetic  acid, 
ire  so  acted  on  that  the  edges  of  the  divided  fasciculi  curl  up,  as  a  con- 
Fig.  14. 


Tig,  li,  FDudDar  connectiye  tissae  from  Peritoneum  of  man.    a  a,  a  blood-veaBel 


sequence  apparently  of  the  rapid  swelling  that  takes  place  in  the  direction 
of  their  transverse  diameter.  A  peculiar  appearance  is  thus  presented, 
which  was  first  described  by  Donder8,J  and  more  recently  by  Grerlach  §  and 


•  BoIleU,  SiUungsheiiehU  d&r  Wiener  Akademie,  Band  xxx.,  p.  45,  fig.  8,  Taf.  1. 

iSeetioMg  trannenm^  etc.,  Dm*,  inauff.,  1844 ;  Henle's  Jahresberieht^  1844,  p.  15. 
HoUandiiehe  Beitrdge,  Band  I,  p.  258. 
g  Eandlmeh  der  Oewebdehre,    Mainz,  1850,  p.  110,  fig.  42. 
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Machik.*  The  involuted  edges  cross  each  other  in  the  form  of  broad  bands 
with  ti-ansverstjly  striated  surfaces  and  sinuous  borders. 

The  fibrils  and  fasciculi  of  fibrils  of  connective  tissue  are  differently  dis- 
posed* in  ditferent  instances.!  ^^^  fasciculi  may  either  run  parallel  to  one 
another,  or  unite  at  very  acute  angles,  as  in  tendons  and  ligaments ;  or  the 
variously  sized  fasciculi,  as  they  decussate  at  ditferent  angles,  may  divide 
aud  again  unite  to  form  a  thicker  or  thinner  felt-like  layer,  through  which 
three  sections  pei<pendicular  to  each  other  may  be  so  carried  as  that  one 
may  strike  all  the  bundles  principally  in  the  longitudinal  direction,  whilst 
the  other  two  present  fibres  running  in  an  oblique  and  ti'ansvei-se  direction. 
In  either  of  the  two  latter  sections  the  fasciculi  may  run  chiefly  in  one  or 
other  dii'ection,  and  thus  transitional  forms  may  originate,  passing  into  a 
parallel  arrangement.  The  modes  of  arrangement  above  described  are 
found  principally  in  the  skin  and  other  membranes  composed  of  connective 
tissue. 

A  peculiar  arrangement  of  the  fasciculi  occurs  in  the  serous  membranes, 
and  is  most  beautifully  displayed  in  the  peritoneum  of  man  (tig.  14)  and 
many  mammals.  The  fasciculi  of  fibrils  coxirsing  in  this  thin  membrane^ 
by  their  frequent  division  and  reunion,  have  lai'ger  or  smaller  interstices 
between  them,  so  that  the  whole  membrane  presents  a  gauzy  appearance. 
A  very  important  character  to  be  noticed  here  is,  that  the  borders  of  the 
interstices  contain  loops  of  fibrils  which  appear  to  round  off  the  angles. 

The  foregoing  arrangement  has  been  described  as  a  special  form  of  con- 
nective tissue,  under  the  name  of  the  retiform,J  or  areolar  connective 
tissue.§  These  expressions,  however,  refer  only  to  the  peculiar  *appear- 
ances  presented  imder  the  microscope. 

Another  mode  of  arrangement  exhibited  by  the  fiisciculi  of  connective 
tissue  is  that  in  which,  of  three  sections  made  perpendicularly  to  one  an- 
other, none  of  the  fibrous  bundles  inin  chiefly  longitudinally  or  transversely, 
but  each  section  presents  bundles  running  in  the  most  various  directions. 
This  form  occui-s,  but  not  exclusively,  in  the  interstitial  connective  tissue 
of  various  organs,  as  well  as  in  the  amorphous  connective  tissue  of  Henle,|| 
whilst  the  kinds  previously  described  preponderate  in  the  formed  connec- 
tive tissue  of  Henle.  Henle  himself,  however,  has  not  attempted  to  draw 
a  very  sharp  line  of  distinction  between  them. 

Differences  between  the  connective  tissue  of  different  organs  not  only 
occur  in  regard  to  the  arrangement  of  the  fasciculi,  as  we  have  already  re- 
marked, but  the  fasciculi  themselves  show  varieties,  so  that  in  certain 
organs  the  fine  fibrils  appear  in  all  transverse  sections  of  a  fasciculus 
arranged  parallel  to  one  another,  and  at  equal  and  very  small  distances, 
resembling  the  straight  or  slightly  sinuous  edge  of  a  fasciculus,  whilst  in 
other  instances  the  fibrils  are  collected  into  smaller  fasciculi,  the  borders  of 
which  present  very  close  undulations,  and  which  are  more  loosely  arranged. 
On  this  account,  when  treated  with  lime  and  baryta-water,  the  first  kind 
of  fasciculi  immediately  splits  into  fibrils,  whilst  the  second  divides  in  the 
first  instance  into  sections,  and  these  again  break  up  into  fibrils. 

♦  Siteungsberichte  der  Wiener  Akademie,  Band  xxxiv.,  p.  91. 

t  Bruch,  Zeit^irift  far  Rationdk  Medidn,  Band  vii ,  pp.  878  and  379.  Leydig, 
Histoloffie  des  MenMhen  und  der  lliiere.  Frankfurt,  p.  79.  RoUett,  Sitzungsberichte 
der  Wiener  Akademie.^  Band  xxx.,  p.  45,  ^  seq, 

1  Kcilliker,  Oe%cebdekre.    Leipzig,  1867,  p.  74. 

I  Hassall.  Mihraskopiaehe  Anatomie,  translated  hy  Kohlschiltter.  Leipzig,  1852,  p. 
232,  Taf.  35,  fig.  7. 

I  AUgemeine  ATiatotnie,  p.  854. 
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I  have  already  elsewhere  observed  *  that  these  differences  are  most  clearly 
diBoeruible  on  making  a  comparative  examination  of  the  sclerotic  and  con- 
junctiva of  the  same  eye. 

Fasciculi  of  the  former  kind  occur  in  the  tissues  that  were  formerly 
CBiUed  fibrous.     Fasciculi  of  the  latter  kind  in  ordinary  connective  tissue. 

A  few  remarks  may  here  be  made  in  regard  to  the  lacunae  or  interstices 
of  ocmnective  tissue. 

It  is  impossible  for  any  one  who  has  carefully  examined  the  structure  of 
this  tissue  to  doubt  that  interfibrillar  fissures  occur  in  it.  It  is  also  ex-  - 
tremely  easy  to  perceive  that  the  collagenous  substance  is  not  in  equally 
intimate  contact  in  all  parts  of  a  given  portion,  or,  in  other  words,  that  it 
does  not  everywhere  cohere  with  equal  firmness.  The  varieties  in  the 
arrangement  of  the  fibrils  and  of  the  fasciculi,  and  the  results  of  the  disin- 
tegration which  occurs  with  lime  and  barytarwater,  also  clearly  prove  this, 
especially  in  those  forms  of  connective  tissue  where  the  above-mentioned 
ooiled  or  ring-like  aiTangement  of  fibres  around  the  fasciciili  is  absent. 

It  cannot  therefore  be  maintained  that  the  fibrils  and  fasciculi  swim  in  a 
fluid  equally  distributed  amongst  them,  as  Engelmann  f  holds  to  be  the 
case  in  the  cornea,  nor  can  we  admit  with  His  J  that  the  mucous  or  mucoid 
substance,  nor  the  above-mentioned  cementing  material,  is  quite  equally 
distribute  between  the  fibrils  and  fasciculi  The  experiments  made  by 
Von  Wittich,§  in  which  he  endeavored  to  demonstrate  experimentally  the 
existence  of  the  plasmatic  canal  system  of  Virchow,  by  allowing  tendons  to 
absorb  particles  of  indigo  through  the  action  of  capillarity,  and  in  which  he 
found  a  finely  divided  blue  precipitate  in  the  tendons,  do  indeed  speak  in 
&vor  of  this  view.  It  is  impossible,  however,  to  prove  by  such  means  that 
the  passages  between  the  firmly  united  fasciculi  and  fibrils  can  be  repre- 
sented in  the  form  of  a  canal  system  communicating  with  the  origins  of  the 
lymphatic  capillaries,  analogous  to  that  described  by  Von  Recklinghausen  || 
under  the  name  of  serous  canals,  from  the  appearances  presented  after 
treatment  with  nitrate  of  silver.  These  questions  will  be  discussed  in  the 
section  on  the  lymphatic  system.  It  must  be  acknowledged,  however,  in 
regard  to  the  migrating  cells  of  this  form  of  tissue  considered  generally, 
that  they  cannot  enter  it  at  any  point  indiscriminately,  but  only  through 
detenuinate  passages,  resulting  not  only  from  the  impermeability  of  the 
oollagenous  substance,  but  also  from  the  unequal  distribution  of  the  firmer 
cementing  substance. 

The  mode  in  which  the  cells  of  the  fibrillar  tissue  can  best  be  represented 
and  investigated  has  already  been  given.  If  we  have  pursued  this  plan 
with  tissue  in  as  fresh  a  condition  as  possible,  it  will  always  be  found  that 
fibrils  and  cells  are  coincidently  brought  into  view  (figs.  13  and  14).  It  may 
here  further  be  mentioned  that  very  beautiful  preparations  may  be  ob- 
tained in  dense  connective  tissue  by  the  aid  of  chloride  of  gold,  after  the 
action  of  which  the  cells  appear  red  or  bluish  red,  whilst  the  fibrous  mate- 
rial remains  uncolored.^  Formerly,  acetic  acid  was  frequently  employed 
to  bring  the  cells  of  connective  tissue  into  view ;  but  on  account  of  the 

♦  Loc.  cU.,  p.  58. 

t  U«ber  die  Il&mJiaut  des  Auaes^  **  On  the  Cornea."    Leipzig,  1867,  p  6. 

i  Die  UauU  und  Hohlen  des  Korpers,  *'  The  Membranes  and  Cavities  of  the  Body." 
Bwel  1885,  p.  23. 

§  Virohow'g  Arehiv,  Band  ix.,  p.  187. 

I  Die  Lymphgef(isge  und  ihre  Besiehung  zum  Bindfigewebe,  **  The  Lymph  Vessels, 
and  their  relations  to  ConnectiTe  Tissue.     Berlin,  1862. 

T  CohiJieim,  ArehivfUr  Pathoiogi^che  Anatomie,  Band  zxxviiL,  p.  352.. 
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changes  which  this  reagent  induces  in  the  cells,  and  the  circumstance  that 
the  true  disposition  of  fibrils  and  fiasciculi  disappear  under  its  influence, 
the  modes  of  treatment  above  recommended  will  be  found  to  be  more  ap- 
propriate. 

The  subjection  of  the  tissue  to  a  boiling  temperature  was  in  like  manner 
formerly  recommended ;  *  but,  as  we  now  know,  this  method  leads  to  illu- 
sory appearances  of  the  stellate  cells  brought  into  view  on  making  trans* 
verse  section  of  tendons.f  It  is  also  apt  to  produce  erroneous  impressions 
in  the  case  of  other  organs  composed  of  connective  tissue,  from  the  circum- 
stance that  the  contracted  closely  compressed  fasciculi,  where  they  lie  in 
juxtaposition  in  the  ti*ansverse  section,  present  three  or  four-sided  fissures 
with  incurved  sides  between  them. 

Besides  the  cells,  sharply  defined  fibres  become  apparent  in  connective 
tissue  either  after  treatment  with  acids,  or  on  boiling,-  as  we  shall  presently 
describe.  Where,  however,  it  is  desired  to  obtain  a  i*apid  general  view 
of  the  disposition  of  these  parts,  the  last-mentioned  method  can  alone  be 
employed. 

The  Elastic  Fibres. — These  fibres,  which  are  apparent  in  all  forms  of 
connective  tissue  that  have  been  rendered  transpai^ent  by  treatment  with 
acetic  acid  or  by  boiling,  are  shai-ply  defined,  and  present  smooth  edges. 
In  boiled  connective  tissue  they  are  distinguished  by  their  spiral  or  coiled 
coui-se,  but  in  connective  tissue  swollen  by  immersion  in  acid  they  pun\ie 
a  somewhat  straighter  course.  These  fibres  are  distinguished  from  those  of 
the  connective  tissue,  not  only  by  the  resistance  wluch  they  offer  to  the 
above-mentioned  agents,  biit  also  by  the  circumstance  that  they  present  a 
remarkable  tendency  to  branch  and  form  networks.  They  are  sometimes 
only  sparingly  pi*esent,  and  then  usiially  exhibit  the  form  of  cylindrical 
delicate  fibrils  of  about  the  same  size  as  those  of  the  connective  tissue — 
slightly  branched,  and  forming  long  large  meshtis,  as  in  the  tendons  of 
man ;  or,  on  the  other  hand,  they  may  be  present  in  greater  numbers,  may 
branch  repeatedly,  and,  being  connected  by  frequent  anastomoses,  form  a 
fine  delicate  plexus,  as  on  the  surface  of  many  sei-ous  and  mucous  mem- 
braues.  The  several  fibres  may  also  coalesce  to  form  one  of  considerable 
thickness ;  they  may  also  expand  in  the  form  of  flattened  trabeculss,  which 
combine  with  similar  or  still  finer  fibres  proceeding  from  the  branches  of 
the  trabeculse,  to  form  a  very  characteristic  plexus,  as  in  the  cutis  and  the 
lungs.  In  several  places,  as,  for  instance,  in  the  ligamentum  nuchfe  of 
animals,  in  the  ligamenta  subflava  of  the  vertebral  column,  and  in  the 
elastic  tissue  of  the  arteries,  the  elastic  fibres  exist  in  such  quantity  that 
they  are  commonly  regarded  as  forming  an  independent  elastic  tissue  or 
membrane.  The  fibres  here  are  for  the  moat  part  thick,  and  branch  and 
communicate  at  more  or  less  acute  angles,  so  that  only  narrow  and  elon- 
gated, or  small  round  or  oval  meshes,  lie  between  them.  The  trabeculsa 
often  appear  very  much  expanded,  or  become  fused  together  into  elastic 
plates  or  membranes,  which  are  perforated  by  sharply  defined  foramina 
constituting  the  so-called  fenestrated  membrane  of  the  arterial  tunics. 

The  elastic  fibres  undergo  no  change  from  exposure  to  the  action  of 
either  dilute  or  concentrated  acetic  acid,  and  they  resist  for  a  very  long 

♦  Henle,  Jahresbericht,  1850,  p.  40;  and  Virchow,  Wurzburger  Verhrindiungen^ 
Band  ii.,  p.  154. 

t  Henle,  JfUiresbericht.  1851.  p.  23.  Reichert.  MoUer's  ArcJuc.  1S54,  p.  38.  Brach, 
ZeiUcfirift  fur  wUseMchnftUche  Zoologie,  Band  vl,  p  474.  Rollett,  UfC  cU,^  Band 
XXX,,  p.  69. 
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period,  at  ordinary  temperature,  the  action  both  of  potash  and  soda.  The 
latter  forms  one  of  the  best  means  of  bringing  them  into  view.  Concen- 
trated sulphuric  acid  makes  the  elastic  fibres  clearer  without  immediately 
causing  them  to  swell  up,  and  its  action  requires  to  be  continued  for  many 
days  before  the  fibres  swell  and  begin  to  dissolve.  The  elastic  fibres  do  not 
dissolve  on  boiling,  at  least  in  the  time  requisite  to  convert  the  collagen  of 
connective  tissue  into  gelatine ;  and  if  connective  tissue  and  albuminoid 
substances  have  been  removed  from  the  specimen,  as,  for  instance,  from  the 
ligamentum  nuch»,  by  means  of  solution  of  potash,  no  gelatine,  in  the 
ordinary  sense  of  the  word,  can  be  obtained.  It  must  be  admitted,  how- 
ever, that  the  elastic  fibres  themselves  undergo  solution  on  continuous  boil- 
ing,* or  on  exposure  to  a  temperature  of  320^  Fahr.  for  thirty  hours.  By 
these  means,  however,  only  a  non-gelatinizing  brownish  fiuid  can  be  ob- 
tained, smelling  of  glue,  and  precipitable  by  tannic  acid. 

Moreover,  if  connective  tissue  be  converted  into  gelatine  by  digestion 
with  acids^  at  104^  Fahr.,  the  elastic  fi bi*es  remain  unc^ected.f  The  elastic 
fibres  are  reddened  with  Millon^s  reagent,  and  give  the  xantho-proteinic  acid 
reaction.  The  ligamentum  nuchae,  after  being  piirified  by  successive  treat- 
ment with  alcohol,  ether,  boiling  water,  acetic  acid,  and .  alkalies,  has  been 
described  and  analyzed  by  W.  Miiller|  under  the  name  of  Elastin. 

In  the  elastic  fibres  of  the  skin  and  of  the  subserous  layers  of  the  peri- 
toneum, and  of  the  chord»  tendinese  of  the  dog,  Von  Eocklinghausen§  saw, 
slier  treatment  with  nitrate  of  silver,  a  black  precipitate  occur  here  and 
there  in  the  interior  of  the  fibres,  and  is  hence  inclined  to  regard  them  as 
boilow.  This  appearance  does  not  occur  in  the  fibres  of  the  ligamentum 
nachae,  nor  in  those  of  the  elastic  coat  of  the  vessels.  Frey||  believed  that 
he  had  witnessed  a  precipitation  of  carmine  granules  in  the  interior  of  many 
elastic  fibres  after  maceration  in  a  solution  of  carmine  and  ammonia,  and 
subsequent  neutralization  with  acetic  acid ;  but  he  is  doubtful  whether  the 
question  of  the  tubular  nature  of  the  fibres  can  be  thus  decided.  Yon 
Wittich^  obtained  no  precipitate  in  the  elastic  fibres  of  the  ligamentum 
Buchse  in  his  experiments  with  indigo.  There  is  certainly  no  indication  of 
an  internal  cavity  presented  on  the  examination  of  the  broad  tranSvei-se 
sections  of  the  elastic  fibres  of  this  ligament. 

DiSTRiBUTiON  OP  THE  FiBRiLiJLR  CONNECTIVE  TissuE  IN  Man. — In  r^ard 
to  this  point,  the  parts  that  consist  of  fibrillar  connective  tissue  in  man  are 
the  ligaments  of  the  skeleton,  the  periosteum,  and  perichondrium ;  the  apo- 
neuroses, fascisB,  and  tendons;  the  fibrous  membranes,  the  stroma  of  the 
serous  membranes,  of  the  majority  of  mucous  membranes,  and  of  the  skin ; 
and  the  subserous,  subcutaneous,  and  submucous  connective  tissues:  it 
ooenrs  also  in  the  tunics  of  the  vessels,  especially  in  the  tunica  adventitia 
and  in  the  endocardium,  in  the  vascular  membranes  of  the  eye,  and  of  the 
central  nervous  apparatus,  and  as  interstitial  connective  tissue  in  most 
oqnans. 

Development  op  Connective  Tissue. — ^The  qiiestion  of  the  development 

*  Eolenbfoig,  Be  Ida  Ela&Uca,  Berlm,  1836 ;  and  J.  MliUer,  Poggendoif  s  Annalen^ 
1^9.  Band  zxxviiL,  p.  811. 
f  Kfihne,  PhymOifoiaau  Chemie.     Leipzig,  1866,  p.  356. 
X  ZeiUehriJtfar  AuunuUe  Median^  Band  x.,  3  R.,  p.  173. 
f  Dis  Ijifmp^gef&me^  eta,  p.  59. 
\Ektilyis  und  Ilittochemie,    Leipsig.  1867,  p.  247. 
^  Arehirfar  PtUfwhgitelu  Anatomie,  Band  x.,  p.  187. 
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of  fibrillar  connective  tissue  is  one  of  the  most  difficult  in  the  whole  range 
of  histological  inquiry.  Affcer  Henle*  had  opposed  the  view  of  Schwann,f 
that  the  cells  becoming  greatly  elongated  split  into  the  fasciculi  of  fibrils, 
the  view  of  the  latter  constantly  gained  ground,  that  an  originally  homo- 
geneous substance,  containing  certain  constituents,  distnbuted  through  it 
subsequently  split  into  fasciculi  and  fibrils.  But  the  significance  attached 
to  the  various  forms  and  material  here  met  with  by  various  authors  was 
very  difiei-ent.  According  to  the  view  of  Reichert,J  the  homogeneous  sub- 
stance which  subsequently  becomes  converted  into  the  fasciculi  and  fibrils, 
proceeds  from  the  coalescence  of  cell  membranes  with  an  intercellular  sub- 
stance ;  the  fasciculi  and  fibrils  are  only  the  optical  expression  of  a  dupli- 
cature  of  this  siibstauce,  whilst  the  cells,  with  their  nuclei,  or  with  the 
exception  only  of  their  nuclei,  undergo  atrophy.  According  to  another 
explanation,  it  is  not  the  blastema  existing  between  the  nuclei  that  under- 
goes conversion  into  a  fibrillar  tissue,  but  the  formed  elements  between 
which  this  is  so  abundant  as  an  intercellular  substance,  and  which  are  the 
fusiform  cells  demonsti'ated  by  Schwann  in  embryonic  connective  tissue. 
The  latter,  again,  according  to  Virchow,§  Dondera,||  and  Kolliker,^  take  no 
share  in  the  fibrillation  of  the  tissue,  but  persist  in  a  somewhat  atrophied 
condition  as  cells  (Virchow,  KolUker),  or  become  converted  into  a  plas- 
matic canal  system  (Yirehow),  or,  lastly,  pass  through  transitional  forms 
into  a  plexus  of  elastic  fibres  (Bonders) . 

Max  Schultze**  and  Beale,f  f  as  has  been  already  stated,  and  with  whom 
many  othei*s  agree,  consider  the  matrix  which  is  gradually  assuming  a  fibrillar 
form,  to  be  the  protoplasm  of  membraneless  embryonic  cells  which  have 
fused  with  one  another,  and  the  remains  of  which,  after  the  formation  of  the 
fibrils,  are  represented  by  the  nuclei  with  a  little  unaltered  protoplasm 
around  them,  constituting  the  so-called  connective  tissue  corpuscles. 

Very  recently,  Kusnetzotf  JJ  and  Obersteinerg§  have  maintained  that  the 
fibrils  of  connective  tissue  originate  immediately  from  the  outgrowth  of 
undivided  or  branched  processes  of  the  cells. 

In  opposition  to  these  various  views  we  must  first  ^x  our  attention  on 
those  definite  forms  with  which  we  meet  in  following  out  the  development 
of  connective  tissue  through  as  many  stages  as  possible. 

And,  in  the  first  place,  it  must  be  remarked  that  the  tendons  and  other 
more  dense  connective  tissue  structures,  do  not  fuiiiish  the  most  appropriate 
objects  for  examination.  Better  specimens  are  obtained  from  the  thin 
lamines  of  serous  membranes  which  were  uSed  by  Henle  and  Baur.  The 
peritoneum  of  the  embryo  of  man  and  other  animals,  preserved  in  Muller's 
fluid,  constitutes  an  exceptionally  good  object  for  examination. 

After  removal  of  the  epithelium  it  will  there  be  seen  that  the  superficial 
layer  consists  of  roundish  or  somewhat  elongated  closely  compressed  cells. 
In  the  embryo  of  a  sheep,  measuring  an  iuoh  and  a  half,  these  cells  ai'e  on 

♦  AUgemeine  Anatomie,  p.  379. 

f  Mikroskopische  Untersuchungen  uber  die  UebereinsUmmung,  etc.  Berlin,  1889,  p. 
183,  H  seq. 

iBeitrdge  zur  vergldchenden  Anatomie,  etc. ,  p.  108. 
Loc.  dt. 
Lor..  (^.^  Band  iii.,  p.  848. 
Neue  Untersiic/iengen  uber  die  Sntwiekdung  des  Bindegewebes,    Wiirzbuig,  1861. 
Oewebdehre.    Leipzig,  1867,  p.  76. 
♦♦  Reichert  and  Du  Bois*  Arehiv,  1861,  p.  18. 
tt  Loc.  dt. 

h  Sitzungsberichte  der  Wiener  Akademie,  Band  Ivi,  p.  162. 
§§  Idem,  p.  351. 
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tbe  average  0*0256  in  length,  and  0'0096  in  breadth ;  their  nuclei  are  round 
or  slightly  oval ;  they  have  a  granular  aspect,  but  the  granules  possess  no 
peculiar  brilliancy,  and  the  whole  nucleus  is  not  distinguished  from  the 
surrounding  ]>rotoplasm  by  any  very  sharp  line  of  demarcation.  The  pro- 
toplaAm  of  the  cell  appears  faintly  clouded  withoiit  distinct  granulation. 
Where  these  ceUs  lie  in  close  contiguity,  their  contour  lines  either  altogether 
disappear  or  are  but  feebly  marked.     The  cells  may  be  obtained  in  an  iso- 

Fig.  15. 


Fig.  15.     From  the  decidua  of  the  embryo  of  a  sheep  three  inches  in  length. 

lated  condition  at  the  edges  of  the  preparation,  or  on  slightly  breaking  the 
specimen  up  with  needles. 

When  these  appearances  are  visible,  and  they  may  be  rendered  much 
more  distinct  by  staroing  with  carmine,  we  may  easily  imagine  we  have  a 
blastema  containing  nuclei  or  coalesced  masses  of  protoplasm,  from  the 
cleavage  of  which  the  fibrils  originate,  before  us ;  but  this  period  is  still 
very  remote  from  that  ftt  which  fibrils  make  their  appearance  in  the  peri- 
tonetim.  The  appearances  above  described  pass  immediately  into  the  fol- 
lowing. 

The  nuclei,  which  in  the  first  instance  are  ill  defined,  become  vesicular, 
with  distinct  double  contours  at  their  margins ;  they  are  transparent,  but 
contain  in  their  interior  a  mass  of  coarse  granules  elongated  in  the  dii*ection 
of  the  longer  axis.  The  cells  become  attenuated,  and  assume  an  elongated 
spindle  shape  {^.  15).  The  processes  are  here  and  there  knotted,  bi^anch 
spanngiy,  and  are  frequently  connected  with  one  another  by  their  extremities. 
Two  enliurgements  containing  nuclei  are  often  only  connected  together  by  a 
short  bridge  of  protoplasm,  and  with  their  processes  present  the  ap[)earance 
of  a  bi-nucleated  double  fuisifrH'm  mass.  Fusiform  cells  divided  transversely 
nay  also  in  some  instances^  though  rarely,  be  seen.   These  long  and  beautiful 
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fusiform  cells  appear  to  be  widely  separated  from  one  another  by  a  clear  sub- 
stance, in  which,  at  an  eai'ly  period,  nothing  more  may  be  perceived  than 
shoi*t  interrupted  sinuous  lines.  It  is  very  remarkable  that  between  the 
above-described  elongated  cells  other  round  cells  are  scattered ;  these  exhibit 
a  granular  appearance,  and  one  or  more  nuclei  resembling  those  of  the 
amceboid  cells.  The  formation  of  these  structures  may  be  well  followed  in 
the  above-mentioned  embryos  of  sheep  of  from  an  inch  and  a  half  to  two 
inches  in  length,  and  here  most  beautiful  examples  of  the  fusiform  cells  of 
embryonic  connective  tissue  described  by  Schwann  and  Virchow  may  also 
be  seen.  Such  fusiform  cells  occur  also  abundantly  in  the  p^iitoneum  of 
older  embryos,  but  during  their  intra-uterine  life  they  pass  their  piime. 
Their  processes  in  particular  become  attenuated,  though  they  still  remain 
very  long,  and  it  i-equires  considerable  trouble  to  follow  them  out  to  their 
termination.  It  is  at  this  period  that  the  looped  smooth  unbranched  fibrils 
first  appear  in  small  numbei*s  and  scattered  in  the  clear  matrix  between  the 
cells.  These,  crossing  the  cell  processes  at  various  angles,  may  be  followed 
over  an  entire  series  of  fusiform  cells ;   in  many  instances,  however,  they 


Fig.  16. 


Fig.  16.  From  the  peritoneum  of  a  human  embiyo  of  the  age  of  five  months. 


attach  themselves  for  a  short  distance  to  the  long  axis  of  the  fusiform  cells, 
and  appearances  are  then  produced  which  may  easily  lead  to  the  idea  of  a 
connection  between  the  fibrils  and  the  cells.  But  there  are  many  other 
appearances  by  whii-h  we  may  convince  ourselves  that  such  a  connection 
between  the  very  finely  pointed  cell  i»rocesses  and  the  equally  fine  fibrils  does 
not  exist.  By  commencing  at  the  cells,  and  using  proper  precautions,  their 
long  processes  may  be  followed  quite  to  their  extremity  with  a  No.  10  im- 
mersion lens  of  Hartnack ;  on  the  other  hand,  the  individual  fibrils  may  be 
equally  well  followed  throughout  the  entire  preparation,  and  over  all  the  cells 
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oontiBuonsly,  in  the  form  cf  smooth,  slightly  sinuous,  but  never  thickened 
threads.  The  substance  of  the  cell  processes  becomes  somovhat  more  strongly 
colored  with  carmine  than  the  fibrils;  their  border,  however,  has  not  so 
smooth  an  appearance,  but  exhibits  very  fine  iiTegularities,  and  is  at  short 
distances  slightly  vaiioose  and  somewhat  angularly  bent. 

At  the  time  when  the  fibriUsB  make  their  appearance  the  connective  tissue 
of  the  peritoneum  fonns  a  continuous  lamella,  remaining  in  this  condition 
imtil,  in  addition  to  several  looped  fibrils,  fasciculi  have  also  become  devel- 
oped. The  pentoneum  of  a  human  embryo  at  the  fifth  month  permits  a 
very  dear  view  to  be  obtained  of  the  fascicular  fibrils  and  tine  elongated 
fusLform  cells  (fig.  16). 

At  a  later  period,  however,  there  appear  in  man  and  certain  animals — 
for  example,  in  the  dog,  but  not  in  the  sheep — larger  or  smaller  shai*ply  de- 
fined foramina.*  In  human  infants  the^e  are  much  less  numerous  and  much 
smaller  than  in  adults,  and  the  fine  striae  of  the  surrounding  fibrils  may  be 
here  observed  running  close  to  the  margin  of  each  foramen. 

If  the  process  of  development  be  further  followed,  as  I  have  done  in  the 
peritoneum  of  a  child  of  one  year  old,  and  from  thence  up  to  the  eleventh 
year,  we  may  observe  that  the  number  of  the  foramina  in  the  membrane 
undergoes  continuous  increase,  and  the  fasciculi  and  bundles  of  fibrils 
augment  in  thickness,  which  may  be  particularly  well  seen  in  the  fibres 
surrounding  the  foramina.  It  certainly  cannot  be  observed  duiing  this 
growth  of  the  membrane  that  the  fibrils  originate  from  the  pi^ocesses  of  the 
cells. 

If  we  pass  from  the  examination  of  the  peritoneum  to  the  tendons  of  em- 
faiyoB,  treated  in  a  similar  manner,  much  caution  must  be  used  in  drawing 
conclusions  respecting  the  appearances  presented. 

In  young  embryos,  closely  compressed  roundish  formative  cells  may  be 
found  at  an  early  period,  containing  as  yet  only  imperfectly  difiei-entiated 
nucleL  Such  cells  become,  to  some  extent,  elongated  in  the  direction  of  the 
long  axis  of  the  tendon,  and  their  margins  are  not  very  well  defined.  The 
isolated  cells  present  the  appearance  of  delicate  flocculi  in  carmine  prepara- 
tions, with  the  deeply  reddened  nucleus  in  their  centre.  These  cells  subse- 
quently increase  in  point  of  length,  as  do  also  their  nuclei,  the  latter  becoming 
at  the  same  time  more  sharply  defined,  clear  at  their  margins,  and  presenting 
an  elongat'cd  mass  of  granules  in  their  interior.  The  elongated  cells  appear 
to  be  composed  of  a  more  strongly  refractile  substance  than  the  primitive 
cells,  and  are  capable  of  being  more  easily  isolated.  A  clear,  smooth  inter- 
vening substance  similar  to  that  which  precedes  the  conversion  of  connective 
tissue  into  plexuses  of  fibrils,  is  not  here  visible  ;  on  the  contrary,  we  con- 
stantly meet  with  fine,  smooth,  completely  homogeneous  and  transparent 
fibrils,  which  at  first  are  only  few  in  number,  but  are  subsequently  more 
ntimerous,  lying  between  the  cells  which  have  then  become  elongated,  better 
defined,  and  more  attenuated.  The  fibrils  can  be  easily  isolated  by  teasing 
out  the  tissue,  providing  the  cells  have  not  become  very  much  elongated,  and 
they  may  also  frequently  be  followed  without  interruption  over  the  whole 
extent  of  the  portion  of  tendon  under  observation.  If  the  cells  have 
become  elongated,  and  they  undergo  lengthening  both  in  an  absolute  sense, 
as  well  as  relatively  to  their  breadth — their  breadth,  indeed,  becoming  abso- 
lutely lf«8— *the  number  of  the  fibrils  undergoes  a  considerable  increase. 
These,  again,  may  be  followed  uninterruptedly  through  the  entire  tendon,  as 
well  as  over  a  whole  series  of  cells.     Lastly^  amongst  a  large  number  of 

*  See  Bmch,  Zeitsehnft  flr  BatianeOe Mediom,  Band  viii,  fig.  1. 
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recently  formed  fibrils  more  attenuated  elongated  fusiform  bodies  are  found, 
the  extremities  of  which  present  long  and  fine  points.  These  bodies  can  be 
easily  isolated,  although  their  fine  extremities  adhere  intimately  to  the  fibiils. 
With  a  proper  degree  of  care  we  may  convince  ourselves  of  their  essential 
independency,  and  may  follow  many  of  the  fibrils  from  one  end  of  the  tendon 
to  the  other,  as  smooth  homogeneous  threads  without  any  indication  of  nodal 
points.  This,  as  has  been  above  stated,  is  only  possible  whilst  the  cells  are 
still  proportionately  broad  and  short.  The  fuHher  process  of  development 
consists  in  the  great  increase  in  the  number  of  the  fibrils,  in  the  separation 
of  the  cells  from  one  another,  and  in  their  becoming  gradually  more  and  more 
completely  atrophied.  In  recently  bom  children,  and  in  adults  alike,  the 
atrophied  fusiform  cells,  as  appeaiis  from  what  has  ali*eady  been  stated,  present 
the  same  aspect  as  at  all  periods  of  embryonic  life,  and  we  never  in  any 
instance  find  a  cell  intercalated  in  the  course  of  a  fibril. 

From  these  observations  it  follows  that,  in  the  foregoing  cases,  any  devel- 
opment of  the  fibrils  by  the  growth  of  cell  processes  must  be  regarded  «8 
questionable. 

The  fibrils  appear  to  be  formed  simultaneously  for  considerable  portions 
of  their  length.  The  cells  contained  in  the  embryonic  mass  which  is  des- 
tined to  form  connective  tissue,  either  all  increase  in  the  process  of  develop- 
ment to  fusiform  cells  of  considerable  length,  at  the  same  time  separating 
from  one  another  in  such  a  mode  that  at  first  a  small,  but  subsequently 
gradually  increasing  number  of  fibrils  appear  between  them,  as  in  the  tendons, 
or  that  at  first  a  transparent,  iuteiTuptedly  striated  substance  occurs  in  great 
quantity,  in  which  the  fibiils  become  apparent  at  a  later  period,  as  in  the 
peritoneum.  This  is  what,  in  brief,  I  believe  every  one  may  convince  him- 
self of. 

As  regards  the  significance  of  the  large  quantity  of  homogeneous  sub- 
stance which  undergoes  fibrillation  in  the  peritoneum,  with  coincident  elon- 
gation of  the  cells,  it  is  difficult  to  make  any  positive  statement.  It  can 
only  be  said,  with  certainty,  that  the  fibrils  originate  at  the  expense  of  a 
large  continuous  mass  by  a  kind  of  transmutation.* 

Further  Investigation  has  shown  the  original  interpretation  of  Schwann  to  be  the 
correct  one,  and  that  the  fibrillse  of  coimective  tissae  take  their  origin  from  elongated 
oellfi^  either  by  the  splitting  np  of  the  cell  body  into  fine  fibrillse,  or  by  the  body  of  the 
oell  becoming  drawn  out  into  one  long  fibriUa.f 

The  most  probable  view  then  is,  that  the  homogeneous  intermediate  sub- 
stance which  appears  at  a  certain  stage  of  development  in  the  peritoneal 
lamina  originates  in  a  continuous  metamorphosis,  extending  iri^gularly 
towards  the  central  portion  of  the  rapidly  enlarged  cell  substance  of  the 
formative  cells.  The  lamina  thus  originating  in  the  fusion  of  the  metamor- 
phosed cell  substance  becomes  secondarily  perforated  with  smooth-edged 
foramina,  whilst  a  continuous  conversion  into  fibrils  takes  place. 

As  regards  the  growth  of  connective  and  tendinous  tissue,  the  breadth  of 

*  I  extract  from  a  letter  of  Babuchin  to  Strieker  that  Babuchin  has  convinced  him- 
self of  the  development  of  cells  into  fibrils  in  the  gelatinous  tissae  of  Fishes.  He  ad- 
mits, however,  that  what  he  terms  Fibrils,  under  certain  circumstances  contracted 
themselves  towards  the  nucleus  of  the  cells  which  became  rov.nd,  and  then  commenced 
anew  to  send  forth  processes.  This  latter  statement  famishes  me  with  the  strongest 
evidence  that  Babuchin  in  his  preparations  has  not  had  to  deal  with  the  fibrils  of  con- 
nective tissae. 

f  BresUuer,  Max  Scholtze's  Archie,  Band  v.,  1869. 
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the  fibrils  in  the  foetus  amounts,  according  to  Harting,*  to  O'OOIO— 0-0014 
milHinetres,  and  in  the  adult  to  0*0007 — 0'0017  millimetres.  As  the  fibres, 
fiierefore,  do  not  increase  in  thickness,  their  numbers  must  augment.  The 
amorphous  connective  tissue  between  the  fasciculi  of  the  tendons  becomes 
larger  in  quantity.  The  tendinous  fasciculi  increase,  not  only  in  number, 
but  in  thickness.  In  reference  to  the  latter  fact,  Obersteinerf  has  shown 
that  the  points  from  which  the  new  formation  proceeds  are  partly  situated 
between  the  old  fasciculi  and  the  investing  connective  tissue,  and  partly  in 
the  investing  connective  tissue  itself. 

Observations  have  been  made  by  Sertoli,}  showing  that  the  development  of 
the  Teticulum  and  of  the  adenoid  substance  of  the  lymphatic  glands  pro- 
ceeds from  embryonic  connective  tissue,  composed  of  a  mass  of  uniform  cells. 
As  regards  the  Ligamentum  pectinatum  iridis,  the  trabecular  tissue  in 
embryos  of  five  months  old  may  be  distinctly  seen  to  consist  of  branched 
flattened  cells,  the  substance  of  which  is  homogeneous  and  condensed,  whilst 
in  th^e  trab^ul»  remains  are  still  visible  of  nuclei  that  at  a  later  period 
become  atrophied. 

In  regard  to  the  genesis  of  the  elastic  fibres,  very  various  views  have  at 
different  times  been  expressed.  Their  origin  from  nuclei,  which  Henle  long 
ago  believed  he  had  perceived,  has  been  by  Henle§  himself  rendered  doubt- 
fU.  It  has  also  been  proved  that  they  do  not  develop  from  cells  in  the 
mode  described  by  Bonders.  ||  The  opinion  is  now  generally  held  that  there 
is  an  actual  deposit  in  the  form  of  fibres.^ 
It  is  remarkable  that  the  fibres,  after  their  deposition,  increase  in  thick- 


Fat  Cells  in  Connective  Tissue. — In  various  parts  of  the  animal  body 
the  connective  tissue  contains  great  numbers  of  cells,  which,  enlarging 
equally  in  all  their  dimensions,  attain  a  considerable  size,  and  have  in  their 
interior  a  large  fat  drop,  completely  filling  them.  The  diameter  of  these 
cells  reaches,  in  man,  0*2  millimetres.  Their  form  is  round  or  somewhat  oval. 
Where  such  fat  cells  are  deposited  in  great  ntmiber  in  the  connective  tissue, 
they  are  divided  into  separate  groups,  or  lobules,  by  strong  trabecul». 
Each  of  these  lobules  possesses  its  own  system  of  vessels,  which,  with  their 
branches,  reach  into  the  interior  from  the  surface,  and  are  accompanied 
with  fine  bundles  of  connective  tissue ;  here  they  divide  into  such  nume- 
rous capillaries,  that  the  smaller  groups  of  cells,  or  even  the  individual  fat 
oeDa,  are  surrounded  by  vascular  loops. 

Certain  regions  of  tiie  body  in  man  are  especially  characterized  by  the 
presence  of  such  adipose  tissue.  Thus  it  occurs  in  the  subcutaneous  con- 
neetive  tissue,  or  panniculus  adiposus,  which  is  very  abundant  in  various 
parts  of  the  body,  as  in  the  mammary  gland  of  the  female,  the  pubic  re- 
gion, buttocks,  and  sole  of  the  foot ;  in  other  parts  it  is  less  developed,  but 
is  only  absent  in  some  few  places,  as  the  eyelids  and  male  sexual  organs^ 
Adipose  tissue,  moreover,  is  found  in  the  omentum,  mesentery,  beneath  'the 
pericardium  of  the  heart,  and  on  the  great  vessels,  around  the  kidneys,  in 
the  orbit,  and  in  the  fat  humps  and  adipose  masses  formed  in  the  boddes  of 
ootain  animals,  etc 

*  BtotherekeM  Wcromklriqae^  tur  le devdoppemeni,  des  Ti89U9^  etc.,  1845,  p.  58. 
Lot.  eU. 

Wiener  Akademie.  Sitsungsberichte,  Band  liv.,  p.  149. 
,  CaiMtatt'8  Jahretkerichtfii/r  1851,  p.  22,  Band  i. 
ZeiUekriftfuT  wmensehaf&iehe  SMUogie^  Band  lit 
I  Henle,  Joe.  etL    Beiohert,  HOUer^B  Arehiv,  1862.  p.  94.    H.  Huller,   Wurzbur- 
Verkandiungen^  Band  x.,  p.  182 ;  Bom  der  Molen,  1847,  p.  Ixil 
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In  the  fattening  of  animals,  or  in  commencing  obesity  in  man,  the 
adipose  tissue  increases  at  these  points,  and  occurs  in  large  quantities  also 
in  regions  of  the  body  that  with  less  abundant  supplies  of  food  remain 
free  from  fet ;  as,  for  example,  in  the  connective  tissue  between  the  mus- 
cles. 

In  large  and  fully  developed  fat  cells,  a  thin  smooth  membrane  can  be 
distinguished  surrounding  the  oil  drop,  which,  however,  collapses  and  be- 
comes folded,  if  the  cells  are  burst  by  pressure,  and  the  contained  drop  of  oil 
be  allowed  to  escape.  The  membrane  of  the  fat  cells  can  also  be  brought  into 
view  in  a  crumpled  state  by  boiling  the  tissue  with  strong  alcohol  and  ether. 

The  oil  drop  contained  in  these  cells  presents  a  faint  yellow  tint  in  man, 
but  in  various  animals  many  other  tints  occur.  In  the  fresh  cells,  both  of 
cold  and  warm-blooded  animals,  the  fat  is  fluid.  On  cooling,  it  solidifies 
with  great  facility,  especially  in  the  latter  class  of  animals.  This  last  pro- 
cess occasions  a  flattening  of  the  closely  compressed  cells,  and  their  oily 
contents  may  frequently  be  observed  to  crystallize  partially  in  needles  which 
are  collected  in  the  form  of  a  brush.  When  this  occurs,  a  single  spicule  or 
a  crystalline  stella,  composed  of  many  spicules,  appears  on  the  surface  of  the 
fat  cells.* 

Besides  the  large  fat  cells  enclosed  in  a  smooth  membrane,  which  are 
most  abundant  in  fiilly  developed  adipose  tissue,  other  cells  also  occur  which 
are  smaller,  and  in  w^hich  the  oil  drops  are  invested  by  a  layer  of  granular 
cell  substance ;  this,  when  seen  in  profile,  appears  in  the  form  of  a  rather 
broad  ring  around  the  oil  drop.  Cells  presenting  this  aspect  are  frequently 
found  at  the  borders  of  fat  lobules,  as  in  newly  formed  adipose  tissue,  whe- 
ther in  the  embryo  or  in  the  adult.  The  formation  of  the  adipose  tissue 
may  be  excellently  followed  in  the  omentum  of  animals  as  well  as  in  certain 
cases  of  sudden  death  in  man.  In  the  first  stage  of  their  dcA'elopment^  the 
cells  that  sxibsequently  form  fet  cells  appear  as  small  round  granular  bodies, 
provided  with  round  nuclei,  and  presenting  all  the  charafjters  of  young  cells. 
In  the  interior  of  these  a  few  small  strongly  refractive  oil  drops  first  origin- 
ate, which,  however,  iisually  soon  collect  to  form  a  single  large  fat  drop,  oc- 
cupying the  middle  of  the  cell.  Much  less  frequently  seve^  large  drops 
are  found  close  to  one  another. 

The  protoplasm  of  the  cells  in  which  such  large  drops  have  developed, 
lies  like  a  cincture  around  the  drops,  presenting  evei-y  where  nearly  the  same 
breadth,  except  only  where  the  nucleus  is  imbedded  in  it  and  forms  a  thick- 
eniiig  or  projection  that  causes  the  whole  protoplasmic  mass  to  be  compara- 
ble to  a  signet  ring. 

During  the  succeeding  stages  of  development  the  cells  undergo  continu- 
ous increase  in  size,  the  oil  drops  in  particular  becoming  larger.  The  in- 
vesting protoplasmic  layer,  whilst  it  progressively  diminishes,  though  not 
proportionately  to  the  enlargement  of  the  &t' drops,  preserves  its  original 
granular  appearance.  The  nucleus  is  always  visible,  but,  concomitantly 
with  the  increase  of  the  oil  drop,  and  the  expansion  of  the  surface  of  the 
protoplasmic  layer,  is  constantly  pressed  outwards.  In  the  final  stages  of 
development  the  remains  of  the  original  investment  of  protoplasm  consist 
only  of  a  thin  homogeneous  membrane,  on  some  part  of  which  the  nucleus, 
now  become  somewhat  more  homogeneous  and  diminished  in  size,  may  al- 
ways be  demonstrated.  The  nucleus  is  best  seen  in  cells  treated  with  Mil- 
ler's fluid,  and  then  stained  with  carmine. 

If  we  institute  a  comparison  between  the  fat  cells  in  various  stages  of 

•  Henle,  AUgemeine  Anatomde^  p.  803. 
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their  deyelopment,  it  becomes  immediately  apparent  that  the  protoplasm 
origiBallj  present  does  not  merely  expand  coincidentlj  with  the  enlarge- 
ment of  the  cells,  but  that  as  the  cell  attains  its  full  growth,  and  becomes 
invested  with  the  above-mentioned  membrane,  the  protoplasm  also  augments 
in  quantity. 

We  possess  no  information  from  direct  observation,  of  the  relation  in 
which  the  protoplasm  of  the  cell  and  the  contained  oil  stand  to  one  another 
in  regard  to  their  nutrition. 

It  is,  however,  certain,  that  whenever  a  new  formation  of  adipose  tissue 
occurs,  a  supply  of  histogenetic  substance  in  the  foi-m  of  young  cells  first 
occurs,  which  is  followed  by  a  supply  of  material  for  the  growth  of  these 
cells. 

In  consequence  of  hunger  and  disease,  the  fat  cells  lose  their  oil  and  be- 
come filled  with  a  serous  fluid.  In  rabbits,  Czajewicz*  has  observed  the  fat 
to  disappear  during  abstinence  from  food  in  the  course  of  a  few  days,  and 
with  equal  rapidity,  when  abundant  nutriment  was  supplied,  reappear  in 
the  original  cells. 

Cartilage. 

Of  this  tissue  those  organs  of  the  animal  body  are  formed  either  wholly 
or  partially,  which  have  long  been  noted  in  anatomy  on  account  of  the  per- 
sistence of  their  morphological  characters  and  great  pliability,  or  from  their 
peculiar  consistence  when  cut.  In  histology,  the  distinction  formerly  made 
into  proper  (true,  hyaline)  cartilage,  and  fibrous  cartilage  is  no  longer  admis- 
sible, since  it  has  been  shown  that  just  as  the  former  consists  of  cells  imbed- 
ded in  a  transparent  and  apparently  uniform  matrix,  the  latter  is  composed 
of  similar  oeUs  in  a  matrix  travelled  by  fibres. 

Trub  OB  Hyali2?e  Cartilage  contains  cells  provided  with  nuclei  (carti- 
lage corpuscles)  lying  in  cavities  of  various  size  and  form  distributed  through 
an  amorphous  matrix,  and  the  corpuscles  closely  resemble  the  cavities  in 
their  forau 

In  order  to  demonstrate  these  points,  it  is  only  requisite  to  make  very 
fine  sections  of  fresh  cartilage.  If  it  be  desired  to  investigate  cartilage  in  a 
physiologically  fresh  condition,  only  indifferent  fluids  can  be  employed,  as 
in  the  case  of  connective  tissue.  For  such  observations  those  cartilaginous 
pUtes  of  cold-blooded  animals  which  can  be  easily  isolated  from  the  soft 
parts,  and  are  as  thin  as  ordinary  sections — as,  for  example,  the  ensiform 
process  or  the  epistemal  cartilage  of  the  frog,  or  the  thin  cai'tilaginous  plates 
of  the  shoulder  girdle  of  tritous — are  preferable. 

In  such  cartilages,  the  cells  lying  in  the  interior  of  the  cavities  appear 
when  fresh  as  transparent,  finely  gi-anular  masses  completely  filling  tliem 
up,  and  resembling  the  protoplasm  of  other  cells.  A  small  number  of  large 
granules  are  found  in  their  interior,  together  with  a  well-defined  round 
nucleus,  containing  several  strongly  refractile,  large,  and  bright  molecules, 
which  are  usually  larger  than  those  found  in  the  protoplasm  of  ordinary 
cells,  causing  the  nucleus,  when  compared  with  these,  to  present  a  coarsely 
granular  appearance  (fig.  17) ;  the  nucleus  occasionally  appears  transparent 
and  vesicular,  with  double  contour  lines  and  a  single  nucleolus.  Two  nuclei 
may  frequently  be  seen  in  one  cell.  If,  as  in  the  case  of  connective  tissue, 
an  indifferent  fluid  be  applied,  like  the  aqueous  humor,  or  serum  diluted 
with  distilled  water,  a  cloudiness  first  occurs  in  the  granular  cell  substance ; 

*  Beidiert  and  Ba  Bois'  ArMo^  1866,  p.  289. 
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the  fine  molecules  originally  present  become  partially  concealed  in  portions 
of  the  cell  substance  which  have  rolled  themselves  into  ball-like  maasea, 
and  soon  a  shrivelling  of  the  cell  becomes  apparent,  so  that  it  either 
partially  or  entirely  separates  from  the  wall  of  the  cavity  in  the  cartilage ; 
as  a  consequence  of  this  a  transparent  ring  appears  between  the  inner  sur- 
face of  the  cavity  and  the  shrivelled  cell,  or  the  cell  may  still  remain  attached 
to  certain  points  of  the  wall  of  the  cavity,  and  is  then  irregularly  stellate ; 
such  long  and  more  firmly  adhering  processes  of  the  already  partially  shrivel- 
led cell  usually  detach  themselves  sooner  or  later,  but  do  not  shrii^  in  the 
same  proportion,  so  that  even  when  completly  detached  from  the  walls  of 
the  cavity  such  cells  appear  to  be  irregulai-iy  beset  with  processes.  If  these 
appearances,  which  long  remain  unaltered,  have  been  produced  by  the  action 

Pig.  17. 


Fig.  17.  Fresh  cartilage  from  the  Triton. 

of  water,  it  may  be  seen  that  in  some  cells  the  nucleus  has  become  indistinct, 
its  place  being  indicated  only  by  a  dull  spot ;  whilst  in  others  it  still  appears 
distinctly  defined.  By  changing  the  focus  some  of  the  indistinct  nuclei 
may  be  more  clearly  brought  into  view,  but  others  always  remain  indistinct ; 
and  these  differences  appear  to  depend  upon  the  varying  position  of  the 
nucleus  in  the  cell,  in  consequence  of  which  the  greater  part  of  the  latter 
is  sometimes  above  and  sometimes  below  the  nucleus  in  relation  to  the  ob- 
server. Similar  changes  to  those  induced  by  the  addition  of  water  occur 
in  the  cartilage  cell  on  the  addition  of  saccharine  and  saline  solutions. 
Dilute  solutions  of  potash  and  soda,  and  also  of  acetic  acid,  produce  Very- 
similar  effects. 

The  experiments  of  Heidenhain*  have  shown  that  powerful  induction 
shocks  cause  contraction  of  the  cartilage  cells,  render  them  irregular  in 
shape,  and  detach  them  altogether  or  in  part  from  the  wall  of  the  cavity. 
This  was  first  observed  by  Heidenhain  in  the  cells  of  the  cartilage  of  the 
head  of  tadpoles,  and  in  the  articular  cartilages  of  the  adult  frog.  In  the 
former  he  also  saw  the  molecular  movement  of  granules  previously  visible  in 
the  cells  effectually  stopped.     In  shrivelled  cells  there  further  occurred  an 

*  Studim  des  PhytMoffitchm  Irutituts  tu  Bredau,  Heft  2.    Leipzig,  1863,  p.  1. 
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•ceamulation  of  clear  drops,  or  similar  drops  were  thmst  out  into  the  cavi- 
^es  of  the  cartilage.  The  first  action  of  the  induction  current  is  to  produce 
a  cloudiness  in  the  interior  of  the  cells,  which  often  suddenly  traverses  them 
like  a  shadow.  Ueidenhain  regards  these  phenomena  as  the  expression  of 
oommencing  coagulation,  as  are  also  all  the  changes  induced  by  induction 
akocks,  since  he  was  unable  to  observe  that  the  death  of  the  cells  was  ac- 
oompanied  by  any  return  to  their  original  condition. 

If  one  of  ike  above-described  induction  apparatuses  be  used  in  order  to 
apply  a  few  opening  shocks  to  the  ensiform  cartil^e  of  the  Frog  (ftana 
temporaria),  oovered  with  a  covering  glass,  and  placed  without  addition  of 
fluid  upon  tin-foil  electrodes  closely  connected  with  one  another,  it  will  be 
found  that  an  entire  series  of  such  shocks  are  always  required  to  produce  a 
distinctly  visible  change  in  the  cells,  or  a  long  peiiod  after  the  application 
of  a  shock  must  elapse  in  order  to  allow  the  very  slowly  following  change 
to  become  apparent  The  cells  of  the  cartilage  of  Tritons  behave  themselves 
very  differently  in  this  experiment.  Here  a  single  shock  is  sufficient  to 
canae  the  cells  to  contract  rapidly,  and  even  quite  suddenly,  under  the  eyes 
of  the  observer,  like  transversely  striated  muscle  when  iiritated ;  indeed, 
even  the  iron  core  may  be  removed  fi*om  the  primary  coil,  and  the  seconda- 

Fig.  18. 


Rg.  18.     Cartilage  from  a  Triton  after  a  single  opening  shock  of  induced  electricity. 

ry  coil  of  the  apparatus  previously  quite  thrust  home  may  be  withdrawn  to 
eonsLderable  extent,  and  yet  the  strength  of  current  will  still  be  sufficient 
to  produce  the  same  results  with  a  single  shock.  The  cells  which  have 
thus  been  made  suddenly  to  undergo  contraction  (fig.  18)  appear  coai-sely 
granulated,  darker  than  before,  with  the  nucleus  scarcely,  if  at  all,  percepti- 
ble ;  whilst  alteration  of  the  focus,  and  close  inspection  of  the  edges  of  the 
ceUs  after  they  have  been  separated  from  the  cavity,  shows  that  the  immedi- 
ate cause  of  their  altered  appeai-ance  is  that  their  surfaces  have  become  mul- 
berry-like (fig.  18).  In  this  condition  the  cells  may  remain  and  be  examined 
for  hours,  or  even  for  days  together,  if  they  are  preserved  from  the  effects 
of  evaporation  by  the  employment  of  the  moist  chamber.  A  slight  enlarge- 
ment, accompanied  by  increased  smoothness  of  the  siuface,  may  frequently 
be  obeeryed ;  the  nucleus  at  the  same  time  becoming  somewhat  more  dis- 
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tiiict;  but  the  cells  always  remaia  more  opaque  than  before  the  passage  of 
the  current,  and  never  completely  recover  their  original  appearance.  Nor 
are  any  satisfactory  results  obtained  if  the  attempt  be  made  to  restore  the 
cartilage  to  its  noi*mal  condition  by  intix)ducing  it  again  beneath  the  akin 
of  the  animal.  The  cells  do  not  recover  their  previous  appearance  even 
four  and  twenty  houra  or  more  after  the  application  of  the  electric  shock. 
For  the  second  observation  some  portions  of  the  cartilage  should  be  preserv- 
ed which  were  not  situated  between  the  electrodes  in  the  first  experiment 
for  the  sake  of  compamon.  It  must  be  admited  that  a  vital  contraction  of 
the  cartilage  cells  has  not  been  clearly  proved  to  occur  so  long  as  it  has  not 
been  shown  that  they  are  not  liable  to  alterations  of  quiescence  and  activity, 
or,  in  other  words,  do  not  undergo  amoeboid  changes  of  form.  The  effect 
which  a  single  induction  shock  produces  in  the  cartilage  cells  of  TiitonB 
i-enders  it,  however,  highly  probable  that  their  diminution  is  due  to  a  con- 
tractile power.  On  a  warmed  stage  an  alteration  in  the  cartilage  cells  of 
Frogs  and  Tritons  is  first  observed  when  the  temperature  rises  to  73°  or  75° 
C.  (163° — 167°  Fahr.) ;  the  cells  then  become  cloudy,  in  consequence  of 
the  formation  of  a  gi*anular  coagulum.  Nothing  further  has  been  remarked 
resj)ecting  the  differences  in  the  peculiarities  of  the  cells  of  hyaline  caiid- 
lage  in  vai'ious  animals  besides  that  which  we  have  above  stated  in  regard  to 
the  cells  of  the  Frog  and  Triton.  The  observations  made  by  Reitz*  on  the 
cells  of  the  tracheal  cartilages  excised  from  Babbits,  in  reference  to  the  for- 
mation of  cicatrices,  and  their  behavior  in  iiiflammation  of  the  trachea  pro- 
duced by  caustic  ammonia,  are  well  worthy  of  notice.  In  these  experiments 
the  cartilage  cells  in  the  cicatricial  tissue  were  seen  to  assume  the  form  of 
elongated  fibres,  and  those  of  the  irritated  cartilage  to  become  mulberry- 
like, >vith  numerous  deep  depressions,  as  though  about  to  divide.  That 
wounds  of  cartilage  heal  by  connective  tissue  is  an  old  observation.! 

As  a  general  rule  the  ap|)earance  of  the  cells  of  hyaline  cartilage  agree 
more  closely  with  the  formerly  described  characters  of  fresh  cartilage  fi'om 
the  Amphibia,  the  more  recent  they  are  when  brought  under  examination. 

In  cai-tilages  longer  removed  from  the  body  the  cell  substance  appears  cloudy 
and  shiivelled,  and  more  or  less  completely  detached  from  the  wall  of  the 
cavity ;  the  nucleus  varies  in  distinctness,  and  is  sometimes  homogeneous 
and  sometimes  granular.  Cells  are  frequently  observed  in  the  costal  or 
laiyngeal  cartilages,  containing  deep  yellow-colored  drops  (of  oil),  sun-ounded 
by  dark  rings,  more  or  less  strongly  refracting  light.  Similar  drops  are  often 
found  free  in  the  cavity  of  cartilage,  external  to  the  shrivelled  remains  of 
the  cell. 

The  cells,  and  the  cavities  of  the  cartilage  in  which  they  ai-e  lodged,  are 
separated  by  a  variable  amount  of  the  matrix  ;  they,  moreover,  sometimes 
lie  detached  and  separate  at  regular  distances,  whilst  at  others  they  are 
united  together  into  groups  of  few  or  many  cells ;  and  these  again  may  be 
sepai'ated  from  one  another  by  wide  intervening  spaces  or  by  a  few  solitary 
cells.  Two  or  more  cells  lying  in  close  proximity  to  one  another  are  fre- 
quently seen  to  occupy  the  same  cavity.  The  form  of  the  cartilage  cavities 
is  spheroidal,  ellipsoidal,  or  elongated  and  fusiform,  or  somewhat  flattened 
and  lenticular ;  the  two  latter  forms  occurring  closely  compressed  together, 
near  the  free  surfaces  that  play  over  one  another  in  joints,  or  in  many  of 

*  SUsungsbmchte  der  Wiener  Akademie^  Band  Iv.,  p.  501. 

t  See  G.  H.  Weber  on  this  subject  in  Hildebrandt's  Anakimie^  Band  i,  p.  805. 
More  recently,  Redf em  has  published  his  obaervations  on  the  same  sabject  See  Henle, 
Jahretberiehtfur  1851,  p.  52;  also  Klopsch,  ZdtschriftfUr  kkniache  Medicin,  1855. 
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those  cartilages  wliose  surfaces  are  invested  by  pericliondnum,  and  the  c^lls 
then  lie  with  their  long  diameter  pai*allel  to  the  surface ;  whilst  in  the  more 
eeotrallj  situated  portions  of  these  cartilages  are  the  larger  cavities  of  the 
first-named  varieties,  and  between  these  and  the  most  external,  various 
tnmsitional  forms.  At  points  where  cartilage  and  bone  tissue  are  in  imme- 
diate apposition  the  cartilage  cells  are  frequently  found  to  be  arranged  with 
great  regularity  in  longitudinal  rows  in  the  direction  from  the  bones  towards 
the  free  surface  of  the  extremity  invested  with  cartilage.  The  cells  in  these 
loDgitudinal  rows  will  be  subsequently  considered  in  treating  of  the  subject 
of  ossification.  The  cartilage  cavities  occasionally  present  a  stellate  form. 
Statements  to  this  effct  may  be  found  in  the  writings  of  Leydig,*  where  he 
is  describing  the  skull  of  the  Ghima8i*a  and  vaiious  Plagiostomatous  fishes. 
Stellate  cells  have  also  been  found  by  Kollikerf  (in  softer  parts  ?)  in  the 
tracheal  cartilages  of  oxen. 

The  matrix  of  hyaline  cartilage,  when  in  a  perfectly  fresh  condition,  and 
examined  in  thin  sections  or  laminss  with  very  high  powers,  often  presents 
a  thoroughly  homogeneous  appearance.  But  it  also  happens  that  in  recent 
and  very  transparent  cartilages,  especially  in  those  in  which  the  cells  lie 
close  together — as,  for  instance,  in  the  earlier-mentioned  examples  of  carti- 
lage from  the  Frog  and  Triton — the  cells  are  appai-ently  surrounded  by  clear 
lings  of  equal  breadth ;  and  that  the  small  trabeculae  extending  between  the 
adjoing  cells  only  represent  the  circular  layei-s  investing  these  cells.  In  the 
older  cartilages  of  various  animals  and  of  man  there  may  also  frequently, 
hat  nut  always,  be  seen  a  similar  circular  area  which  sometimes  appeara  as 
though  composed  of  several  concentric  rings.  According  to  Max  Schultze, 
this  appearance  is  very  beautifully  exhibited  in  the  cartilage  of  the  Myxine. 
Hiese  rings  represent  the  transverse  section  of  the  successive  shells  deposited 
around  the  cartilage  cells,  constituting  the  so-called  membrane  of  the  carti- 
lage cell,  or  cartilage  capsules  of  authors.  We  shall  learn  their  significance 
hereafter.  By  the  application  of  certain  reagents,  as,  for  instance,  diluted 
sulphuric  acid  and  chromic  acid,|  or  a  mixture  of  water,  nitric  acid,  and 
chlorate  of  potash,  or  by  digestion  in  water,  at  a  temperature  of  from  35^ 
to  10°  C.§  (95°  to  104°  F.)  (in  which  case  the  addition  of  acids,  in  order  to 
OQDvei't  the  connective  tissue  as  usual  at  a  lower  temperature  into  gelatine, 
operates  very  efifectually)  the  matrix  of  the  cartilage,  hower  homogeneous  it 
may  appear  to  be  in  the  fresh  conditiou,  may  be  split  up  so  completely  into 
a  number  of  layei-s  arranged  concentrically  around  the  cells,  that  nothing 
remains  besides  them ;  and,  indeed,  in  more  fully  developed  cartilages  a 
series  of  precisely  similar  shells  succeed  that  which  immediately  surrounds 
the  cell ;  or  there  may  appear  two  or  more  closely  approximated  cells,  with 
thdr  primary  capsules  enclosed  in  secondary  capsules,  and  groups  of  the 
Utter  again  enclosed  in  still  larger  ones.  It  is  only  in  cartila^s  with  spar- 
ingly distributed  cells  that  a  portion  of  the  firm  matrix  at  a  gi*eat  distance 
from  the  cells  surrounded  with  concentric  ai'eas,  remains  imlaminated  after 
the  operation  of  the  above-mentioned  agents. 

The  imbibition  of  the  red  coloring  matter  of  anilin  is  well  adapted  to 
exhibit  the  layers  of  the  capsule.]  The  lamination  of  the  tissue  is  also 
exeellently  shown  by  the  action  of  chloride  of  gold,  and  very  beautiful 
preparations  can  be  obtained  by  protracted  treatment  with  this  agent,  in 

♦  MiiUer'e  Archw,  1851,  p.  241. 

JOevMbdehre,  1867,  p.  69. 
Farstenbai^,  MOUer's  Arefdv.  1857,  p.  1. 
{Heidenhain,  loe.  <»^. ,  pp.  23  and  25. 
Landoifl,  Zeitschrift  fUr  wmeMchaftUehe  Zoohgie,  Band  xvl,  p.  11. 


Digitized  by 


Google 


98  THB-OONNEOnVB  TISSUES. 

consequence  of  the  deep  color  communicated  by  the  reduction  of  the 
metal. 

If  diluted  sulphuric  acid  or  concentrated  hydrochloric  acid  acts  for  a  long 
time  upon  these  sections  of  cartilage,  the  largest  capsules  first  dissolve,  and 
then  the  secondary  ones.  Those  which  immediately  surround  the  cells  are 
the  most  resistant.  Moreover,  if  sections  of  cartilage  are  long  boiled,  we 
may  first  remark  the  above  described  lamination  of  the  matrix,  and  then 
successive  solution  of  the  capsules  in  the  order  above  given.  All  the  opera- 
tions consequently  lead  to  the  isolation  of  the  cells  still  invested  by  their  cap- 
sules, providing  they  are  subjected  to  their  influence  only  for  a  certain  defi- 
nite period.  The  observations  above  adduced  completely  negative  the  views 
of  those  who  regard  the  clear  rings  around  the  cartilage  cavities  as  a  mere 
optical  phenomenon,  and  who  deny  the  existence  of  the  cartilage  capsule.* 

The  ultimate  result  of  continued  boiUng  is,  however,  that  the  coagulated 
cells  alone  remain.f  The  solution  obtained  from  cartilage  after  exposure 
to  a  boiling  temperature  for  twenty-four  hours,  or  for  a  few  hours  only  at  a 
temperature  of  120°  C.  (248°  F.),  gelatinizes  on  cooling  like  gelatine  itself. 
It  does  not,  however,  contain  gelatine,  but  the  material  distinguished  from 
gelatine  by  Johann  Muller,  by  the  name  of  Chondrin.  The  opposite  state- 
ment of  Friedleben  J  has  been  disproved  by  Wilkens§  and  Trommer.||  The 
chondrin-giving  substance  of  cartilage,  unlike  the  gelatine-yielding  substance 
of  connective  tissue,  does  not  swell  up  in  water.  Acetic  acid  causes  it, 
when  obtaLQed  from  some  cartilages,  to  become  somewhat  clearer,  whilst  in 
others  it  renders  it  cloudy.     It  does  not  cause  it  to  swell  up. 

After  exposure  for  from  eight  to  twelve  hours  to  the  action  of  solution 
of  osmic  acid,  containing  one-fortieth  per  cent.,  thin  sections  of  cartilage 
exhibit  a  system  of  dark  stride,  usually  running  in  a  straight  direction  throu^ 
the  matrix,  which  frequently  connect  the  several  cell  cavities  with  one 
another.  Bubnoff,^  in  describing  these  strife  for  the  first  time,  expresaea 
his  opinion  that  they  are  to  be  regarded  as  juice  canals. 

The  divisibility  of  the  matrix  of  hyaline  cartilage  into  capsules  of  various 
orders,  or  cell  territories  as  they  have  been  termed,  shows  that  we  cannot 
regard  the  matrix  as  an  excretion  of  an  amorphous  and  uniformly  dense 
intercellular  substance  between  the  cells,  as  was  formerly  held  to  be  the 
case  before  the  exact  value  of  the  facts  above  stated  was  recognized ;  though 
this  is  a  view  to  which  we  shall  again  refer  in  our  account  of  the  develop- 
ment of  hyaline  cartilage.  It  has  not  yet  been  shown  whether,  in  hyaline 
cartilage,  an  intervening  material  different  from  the  chondrin-yielding  sub- 
stance, and  which,  if  present,  would  be  in  smaller  quantity  than  the  former, 
really  exists  or  not. 

The  various  pai*ts  of  the  embryonic  skeleton  are  formed  from  hyaline 
cartilage,  whilst  in  adults  it  constitutes  the  cartilages  covering  the  articular 
ends  of  bone,  and  the  opposed  surfaces  of  the  symphyses,  the  ensiform  pro- 
cess, the  ribs,  and  lastly,  the  bronchial,  tracheal,  and  laryngeal  cartilages, 
with  the  exception  of  the  epiglottis.     In  the  lower  Vertebrata,  Fishes,  and 

*  Beigmaxm,  DisquisiUones  Mtero9eopiea!  de  CartUagine.    Mitau  un4  Dorpat,  1848. 

f  Hoppe,  Arckiv  fur  PaVwloguehe  AnaiomUy  Band  v.,  p.  174.  See  also  Mulder 
and  Donders  in  Q.  J.  Mulder's  '*  Essay  on  General  Physiologioal  Chemiatiy  ;**  DondetB, 
in  HoUdndMcIie  Bdtrdge,  Dumldorf  u.  Utrecht^  1846 ;  Zellinsky,  De  tdM  guilnudam 
edlam  edentibug.  Diss,  inaug.    Dorpat,  1852. 

t  Zeitschrift  fur  tnssensehafUiche  Zooloffie,  Band  x.,  p.  20. 

§  Idem,  p.  467. 

|l_Virchow'8  ArMv,  Band  xix.,  p.  554. 

1  Wiener  SUzungsberiehte,  1868,  April. 
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Amphibia,  considerable  portions  of  the  skeleton,  which  are  ossified  in  other 
animals,  remain  cartilaginous  throughout  life ;  whilst  in  some  animals  carti- 
lages occur  in  parts  which,  in  others,  and  in  man,  consist  only  of  connective 
tiasae ;  as,  for  instance,  the  sclerotic  coat  in  the  eye  of  Birds,  Amphibia, 
and  Fishes.  In  regard  to  the  Invertebrata,  descriptions  have  been  given  of 
the  distribution  and  occurrence  of  cartilaginous  tissue,  in  the  case  of  Cepha- 
lopods  and  Molluscs,  by  Lebert  and  Robin,*  and  by  Clapar6de  and  Semper.f 
Before  we  pass  to  the  consideration  of  fibro-cartilage,  the  fibrous  transforma- 
tion of  the  matrix  of  hyaline  cartilage  must  first  be  mentioned,  which  occurs 
tooner  or  later  af^r  the  commencement  of  extra-uterine  life.  This  appear- 
ance is  particularly  obvious  in  the  costal  and  laryngeal  cartilages.^  On 
examining  a  transverse  section  of  the  costal  cartilages  of  an  adult,  strisB  or 
rin^i  may  almost  always  be  observed,  distinguished  by  their  white  and 
opaque  appearance,  and  the  peculiar  lustre  they  possess.  Microscopic 
examination  diows  that  the  matrix  at  these  points  is  composed  of  rigid 
dosely  approximated  parallel  fibres.  These  are  unbranched,  and  when  sub- 
jected to  the  action  of  acetic  acid,  do  not  disappear,  but  pass  uninter- 
ruptedly into  the  surrounding  non-fibrous  portion  of  the  matrix.  If  such  a 
•ection  be  broken  up  with  needles,  the  parallel  fibres  break  at  various  points 
of  thdr  course,  and  these  project  to  a  variable  extent  from  the  fractured 

Pig.  19. 


Fig.  19.    Section  of  the  boiled  and  dried  auricle  of  the  ear  of  Man ;  a,  retiform 
cartilage ;  b^  oonnective  tissue. 

nrfMse ;  the  cause  of  this  development  of  fibres  in  hyaline  cartilage  is  not 
accurately  known.  Goincidently  with  the  formation  of  these  fibres  in  car- 
tilage, a  process  of  proliferation  usually  occurs,  so  that  the  cells  lie  closely 
compressed  in  great  masses  in  the  matrix.  § 


*  MiUler's  ArMv,  1846,  p.  129. 

f  ZeUKhriftfur  tnsgmsehafUichs  Zodogie,  Band  ix.,  p.  274. 

X  BoDden,  BoUdndische  BitrAge,  Band  i ,  p.  258.   H.  Meyer,  MQller's  Archiv,  1846, 
p.  282. 
§  Bondem,  Meyer,  loe,  eU, 
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Fibro-Cabtilage. — True  fibro-cariilage  differs  fi-om  hyaline  cartila^  in 
its  matrix,  presenting  fibres  of  variable  number,  form,  and  chemical  char- 
acters. The  alteration  of  the  index  of  refraction  occasioned  by  the  layera 
of  delicate  fibres  and  their  interstices,  and  in  some  fibro-cartilages  the  small 
degree  of  translucency  possessed  by  the  several  fibres,  makes  even  fine  sec- 
tions of  these  cartilages,  when  compared  with  hyaline  cartilage,  appear  on 
examination  much  darker  and  more  opaque.  By  direct  light,  on  the  other 
hand,  the  fibro-cartilage  appears  whiter  or  more  yellow  in  comparison  with 
the  hyaline  variety.  It  is  less  brittle,  but  often  cleavable  in  certain  direc- 
tions. The  latter  circumstance  enables  a  mechanical  isolation  of  the  cells, 
on  breaking  up  such  sections  of  cartilage,  to  be  much  more  easily  accom- 
plished than  in  hyaline  cartilage. 

The  fibres  of  elastic  or  reticular  cartilage  (fig.  19)  appear  dafk,  of  unequal 
thickness,  branched,  and  often  intercommunicate  by  very  numerous  anasto- 
moses, thus  forming  a  very  fine  but  often  wide-meshed  plexus.  In  their 
general  charactei-s  and  capability  of  resisting  the  action  of  acetic  acid  and 
alkalies,  they  agree  with  elastic  fibres.  In  many  instances,  as  in  the  cartilage 
of  the  ear  of  man,  and  the  epiglottis,  it  may  be  shown  that  these  fibres  are 
uninterruptedly  continuous  with  the  elastic  plexus  of  the  connective  tissue 
investing  the  cartilage  (Bonders).  The  close  fibrous  plexus  often  reaches 
to  the  margin  of  the  cavities,  which  contain  the  cells  of  the  cartilage,  but 
frequently  a  homogeneous  capsule  remains  around  the  cartilage  in  the  form 
of  a  clear  ring,  whilst  a  considerable  quantity  of  the  matrix  between  the 
fibres  may  remain  distinguishable,  and  both  conditions  occur  in  close  prox- 
imity with  one  another  in  the  same  cartilage.  As  various  cartilages  present 
differences  in  respect  to  this  point,  so  do  we  find  some  giving  more  some 
less  chondrin  on  boiling.  The  fibrous  material  does  not  itself  undergo  solu- 
tion on  boiling.  A  beautiful  object  for  the  observation  of  the  above-men- 
tioned transition  of  the  elastic  fibres  of  cartilage  into  those  of  the  skin,  is 
afforded  by  sections  madd  through  the  auricle  of  man,  first  boiled  for  a 
short  time  as  a  whole,  and  then  dried  (see  fig.  19). 

Moreover  the  fibres  of  the  fibro-cartdlaginous  extremity  of  the  processus 
vocales  of  the  arytenoid  cartilages  pass  immediately  into  the  elastic  fibres 
of  the  vocal  cords.*  This  latter  fact  is  op{>osed  to  the  view  maintained  by 
Q«rlach,f  of  the  specific  distinctness  of  the  fibres  of  plexiform  cartilage. 
The  parts  composed  of  elastic  fibrous — or  retiform — cartilage  consist  in  man 
of  the  auricle  of  the  ear,  of  the  epiglottis,  and  the  exti*emity  of  the  processus 
vocales  of  the  arytenoid  cartilages  (Kheiner). 

Cartilage  mingled  with  Connective  Tissue. — Cartilaginous  tissue  oc- 
curs, and  frequently  in  very  considerable  masses,  imbedded  in  connective 
tissue.  Efforts  have  in  consequence  been  made  to  establish  a  special  group 
of  fibro-cartilages,  the  connective-tissue  cartilages ;  but  it  would  appear  to 
be  more  correct  to  describe  these  structures  as  mixtures  of  the  two  tissues. 
Such  mixtures  occur  in  the  interarticular  cartilages,  the  glenoid  cartilages^ 
the  cartilages  of  the  symphyses,  ^t  the  articular  extremities  of  the  clavicle, 
and  the  corresponding  articular  surfaces  of  the  scapula  and  sternum  (Henle), 
and  in  the  tarsal  cartilages  of  the  eyelids.  With  these  must  also  be  enu- 
merated the  tendons  and  tendinous  sheaths  containing  cartilage.  Such 
tendon-cartilage  may  be  frequently  observed  in  the  tendons  near  their  at- 
tachments to  bone.     The  Tendo  Achillis  of  the  Frog  must  especially  be 

♦  Rheiner,  Beitrdge  mr  HistoHogie  des  Ke/dkopfes.    Wttrzbuig,  1852, 
f  Gewebelelire,  p.  124. 
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mentioned  as  presenting  laiige  cells  with  ix>und  nuclei,  which  may  be  regarded 
as  cartilage  cells,  and  which  ai-e  present  in  considerable  numbers.* 

Also  the  appearance  which  has  already  been  described  in  the  digital  ten- 
dons of  the  Frog  may  again  be  alluded  to.  The  same  features  are  presented 
by  other  tendons,  especially  amongst  the  Amphibia.  It  must,  however, 
here  be  stated  that  objections  have  been  i*aised  to  considering  these  cells  to 
be  cartilage  cells.f  It  is  certain  that  in  the  cells  of  these  tendons  of  the 
Frog  iM>  dbondrin-yielding  substance  can  be  proved  to  be  present.  In  prep- 
arations treated  with  chloride  of  gold,  masses  of  equably  stained  proto- 
plasm are  found  in  close  apposition. 

Parekchyxatous  Cartilage  (Cellular  cartilage). — ^We  must  now  describe 
a  form  of  cartilage  which  possesses  no  matrix,  the  so-called  parenchymatous 
cartilage.  Kolliker^  has  also  sought  to  introduce  this  type  amongst  the 
issues.  Thus,  amongst  the  cartilages  without  intermediate  substance,  he 
enumerates  the  chorda  dorsalis  of  embryos  and  of  many  adult  fishes,  nu- 
merous f<0tal  cartilages,  some  parts  of  the  cartilage  of  Myxinoid  fishes,  a 
part  of  the  branchial  laminm  of  fishes,  the  cartilage  of  the  Tendo  Achillis  of 
the  Fn^,  and  of  the  outer  ear  of  many  Mammals;  the  cartilage  entering 
into  the  structure  of  the  Geryonia,  Annelida,  Cephalophora,  and  of  Limu- 
lua.  This  grouping,  however,  is  decidedly  imperfect.  Kolliker  distin- 
giuahes  between  the  capsule  or  membrane  of  the  cartilage  cells,  consisting 
of  chondrin-yielding  substance,  and  an  interceUular  substance  existing  be- 
tween the  cells,  but  also  yielding  chondrin  on  boiling ;  but,  inasmuch  as 
all  the  diondrin-yielding  substance  of  cartilage  is  referrible  to  the  capsules, 
a  number  of  the  cartilages  described  by  Kolliker  as  destitute  of  intermedi- 
ate substance  must  be  regarded  as  belonging  to  the  hyaline  cai'tilages.  How 
fuy  on  the  other  hand,  we  are  justified  in  speaking  of  naked  cartilage  cells, 
and  of  considering  the  cellular  form  of  cartilage  as  composed  of  them,  is  not 
as  yet  detennined. 

On  this  point  we  can  only  refer  to  embryological  observations,  and  to 
others  based  on  comparative  anatomy,  and  thus  allude,  for  instance,  to  the 
early  stages  of  cartilage,  to  the  primordial  cells  of  cartilage  and  the  tissues 
composed  of  them. 

In  order,  however,  to  diagnose  the  cells  as  cartilage  cells,  of  whose  his- 
tory and  development  we  have  no  information,  it  is  requisite  that  we  should 
be  better  acquainted  with  their  internal  organization  than  at  present,  as  well 
as  with  the  dififerenoes  that  exist  between  cartilage  cells  and  other  masses  of 
protoplaflm.  Other  difficulties  similar  to  those  that  are  here  met  with  in 
regard  to  the  limitation  of  the  cartilaginous  tissue,  frequently  arise  when 
the  identification  of  cells  is  imder  consideration.  Experiments  undertaken 
to  determine  whether  in  the  cells  contained  in  the  Tendo  Achillis,  and  in  the 
digital  tendons  of  the  Frog  or  Triton,  similar  phenomena  follow  the  applica- 
tion of  induction  shocks  to  those  observed  in  the  cells  of  the  hyaline  carti- 
lages of  these  animals,  have  altogether  failed. 

DEVELOPMEirr  OF  Cartilage. — Hyaline  cartilage  exhibits  in  most  instances 
an  unmistakable  similarity  to  the  first  rudiments  of  all  animal  tissues,  in 
being  composed  of  cells  advanced  to  a  nearly  equal  grade  of  de\elopment. 

*  KoQiker,  Lehmann,  ZeitMhrift  fur  wksemehaftUche  Zaologie,  Band  ziv.,  p.  109, 
Taf.  14. 

t  Gegenbaoer,  Jenauehe  ZeiUehrift  fur  MedMn  ttnd  NaturwiBseMchaftm^  1866, 
pi  307. 

X  OewebeUkre.    Leipdg,  1867,  pp.  66, 67. 
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The  investigations  of  Eathke*  on  chickens,  and  of  K5llikerf  on  tadpoles, 
have  taught  us  that  the  embryonic  cells  whilst  still  filled  with  yolk  granules, 
as  they  gradually  increase,  become  more  transparent ;  and  then  becoming 
separated  from  each  other  in  consequence  of  the  development  of  rods  of  a 
homogeneous  and  transparent  substance,  finally  constitute  the  first  iiidiments 
of  embryonic  cartilage. 

As  soon  as  the  matrix  has  become  distinctly  differentiated  from  the  pre- 
viously closely  compressed  cells,  it  forms  a  homogeneous  dear  ring  around 
each,  and  between  Uiese  rings  run  fine  lines  resembling  the  contour  lines  of 
epithelial  cells.  At  this  peiiod,  therefore,  che  cartilage  consists  of  cells 
which  are  contained  in  polyhedric  capsules,  and  no  special  artifice  is  required 
in  order  to  isolate  the  cells  completely,  together  with  their  capsules.  The 
costal  cartilages  of  young  sheep,  or  of  human  embryos  kept  in  Miiller^s 
solution,  can  easily  at  this  stage  be  split  with  needles  into  laminae. 

In  pui*8uing  the  further  development  of  cartilage,  the  question  arises  of 
the  capacity  of  cartilage  cells  to  undergo  division.  Cells  in  the  act  of 
division,  or  apparently  originating  from  the  division  of  cells,  are  frequently 
met  with,  not  only  in  embryonic  cartilages,  but  also  in  those  of  adults. 
Thus,  in  the  first  place,  cells  may  be  observed^  containing  two  nuclei.  It  has 
also  been  stated  that  the  nucleoli  are  sometimes  double,  nor  is  it  difficult  to 
demonstrate  this  in  the  cartilages  of  tadpoles.  The  division  of  the  nucleus 
has  even  been  directly  observed  (as  recently  by  Kolliker).^  The  occurrence 
of  two  nuclei  appears,  however,  to  be  the  only  condition  which  is  of  fre- 
quent occurrence  and  easily  observed.  §  It  it  not  easy  to  decide  whether  in 
^ese  cases  two  new  nuclei  have  originated  in  the  place  of  one  nucleus  that 
has  undergone  absorption,  or  whether  the  division  of  the  nucleus  on  account 
of  its  rapidity  has  escaped  observation.  The  division  of  the  cell  itself  may, 
indeed,  be  readily  followed,  since  it  depends  on  the  formation  of  a  groove 
encircling  the  cell.  It  cannot,  however,  be  stated  that  the  division  leads  in 
the  first  place  to  the  formation  of  two  nucleated  protoplasmic  masses,  lying 
in  a  common  capsule.  It  would  i^ther  appear  that  the  division  of  the  proto- 
plasm is  very  intimately  associated  with  the  formation  of  a  capsular  investing 
sheath  for  dlie  daughter  cell.  However  closely  the  cells  under  observation 
lie  in  apposition  to  one  another,  it  is  still  observable  when  they  are  detached 
from  the  walls  of  the  cavity  by  some  of  the  above-mentioned  means  that 
the  cavity  is  itself  divided  by  a  thin  septum  into  two  chambers.  The  differ- 
entiation of  parts  in  the  entire  plane  of  division  consequently  takes  plaoe 
with  great  rapidity.  The  daughter  cells  are  capable  of  forming  complete 
capsules,  which  gntdually  increase  in  thickness,  and  are  clearly  to  be  distin- 
guished from  one  another,  not  only  where  they  are  in  contact,  but  also  where 
they  touch  the  capsule  of  the  mother  cell. 

The  daughter  cells  orginating  in  division  can  in  like  manner  produce  a 
new  generation,  leading  to  enlargement  of  the  spaces  enclosed  by  the  cap- 
sules of  the  mother  cells. 

The  cells  then  appear  to  be  arranged  in  detached  groups  at  a  considerable 
distance  from  one  another,  and  the  youngest  capsules  are  now  more  dis- 
tinctly visible.  After  the  application  of  the  means  which  have  been  above 
described,  the  whole  matrix  again  presents  the  appearance  of  being  divisible 
into  nests  of  capsules,  one  enveloping  the  other. 

*  Fxoriep  and  Schleiden's  N&tUen^  Band  il,  1847,  p.  305. 

\  Miknmkxmische  Afuxtamie,  Band  ii.,  p.  848. 

i  OewebeiAre,  1867,  p.  24 

§  Frey,  Histologie  und  HUtadheiKU,    Heidenhaln,  ho.  dL 
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If  we  fnrther  compare  the  appearances  pi-esented  by  embryonic  cartilage 
with  the  fully  developed  cartilage  of  adults,  we  must  admit  that  the  celk, 
without  undergoing  division,  are  capable  of  producing  successive  generations 
of  capsules,  fr^sh  ones  constantly  forming  in  the  interior  of  the  old,  whilst 
the  external  ones  increase  in  size,  and  become  faintly  marked  as  regards 
their  limits.  In  such  cartilage  the  cells  appear  fewer  in  number,  and  the 
matrix  of  the  cartilage  just  formed  can  be  frequently  artificially  split  into 
concentric  rings  surrounding  the  cells.  In  fully  developed  cartilage,  more- 
over, both  laminated  mother  and  daughter  cells  may  be  coincidently  observed. 

Observation  of  the  development  of  cartilage  thus  teaches  us  that  in  its 
earliest  stages  cells  destitute  of  cell  membrane  or  primordial  cells  are  alone 
present,  and  that  the  so-called  matrix  or  chondnn-yielding  substance  of 
cartilage  is  a  secondary  formation.  Ojiinions  are,  however,  divided  respect- 
ing the  relation  which  the  latter  bears  to  the  former. 

On  the  one  hand  the  chondnn-yielding  substance  may  be  regarded  as  a 
purely  intercellular  material,  which  is  either  deposited  between  the  cells 
Innn  without,  or  is  a  secretion  of  the  cells  themselves.  In  order  to  explain 
the  nature  of  the  capsules  (including  the  youngest)  it  must  be  admitted  on 
tlus  view  that  the  intercellular  substance  in  the  vicinity  of  the  ceUs  is  dif- 
ferentiated by  a  peculiar  (?)  process  of  condensation  from  the  remaining  in- 
teroeUular  substance.* 

In  complete  opposition  to  this  exposition  of  the  nature  of  the  matrix  is 
the  view  propounded  by  Eemak,f  to  the  effect  that  the  young  cartilage  cells 
are  provided  with  two  membranes,  of  which  the  innermost  corresponds  to 
the  primordial  utricle  of  the  vegetable  cell.  In  the  act  of  cell  division  this 
bst  alone  participates.  The  proper  substance  of  the  cai-tilage  is  deposited 
either  between  the  external  and  intei*nal  membranes,  or  between  the  former 
and  the  daughter  cells,  and  indeed,  in  the  first  instance,  on  the  inner  surfiEM» 
of  the  extenial  membrane ;  and  in  this  mode  the  vesicular  cavities  in  the 
curtilage  arise.  Each  newly  developed  daughter  cell  immediately  forms 
agfsin  an  external  membrane,  upon  the  inner  sui'face  of  which  fresh  cartilage 
is  deposited,  whilst  the  cells  again  subdivide ;  and  thera  is  thus  developed  a 
nest  of  cartalage  cells  contained  one  within  another.  By  the  fusion  of  the 
several  cartilaginous  laminiB  with  one  another,  and  the  disappearance  of  the 
cell  membranes  which  served  as  a  framework  for  its  deposit,  the  matrix  of 
the  cartilage  is  produced,  which  thus  appears  to  be  an  intercellular  forma- 
tion, and  may  be  called  **  parietal  substance."  It  is  easy  to  perceive  that 
the  views  of  Remak  were  constructed  on  the  cell  theory  of  his  day. 

14  however,  we  abstmct  the  two  hypothetically  present  membranes  of 
Beouk,  the  formation  of  chondiin-yieldiiig  substance,  described  by  him,  and 
its  relation  to  the  cells^  corresponds  exactly  to  the  processes  observed  in  the 
development  of  cartilage,  and  to  the  appearances  which  may  be  obtained  by 
breaking  up  mature  cartilage.  Fiirstenberg,  who  was  the  first  to  accomplish 
this,  regjarded  the  layers  of  chondrin-yielding  substance  as  thickened  cell 
membrane,  and  showed  that  in  certain  cartilages  the  whole  matrix  was  to  be 
eonadered  as  composed  of  such  thickened  membranes  belonging  to  succes- 
sive generations  of  mother  and  daughter  cells.  Kdlliker|  also  maintains  the 
capsules  of  cartilage  to  be  cell  membranes,  and  to  represent  the  secondary 
membrane  of  the  v^etable  cell.  In  some  few  cartilages  the  matrix  is  com- 
posed of  tfaese  alone,  but  in  others  again,  especially  in  those  in  which  the  di- 

*  hsStiy,  ZdUehriflfilr  raUondte  MecUdn,  Band  iv.,  8  R.,  p.  43. 

J  Mallei's  AreMv,  1862,  p.  69. 
GmMbdeftre,  IWT,  p.  64. 
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yision  into  cell  territories  is  not  completely  effected,  a  large  and  often  the 
chief  part  of  the  matrix  is  formed  of  pure  intercellular  substance  lying 
between  the  cell  membranes.  Kolliker's  view  is  unsatiBfactory  on  account 
of  its  attributing  a  double  and  consequently  fundamentally  distinct  mode  of 
origin  to  one  and  the  same  substance — that,  namely,  whidi  yields  the 
chondrin ;  and  it  is  unlikely,  therefore,  to  be  correct.  If,  however,  we  adopt 
the  view  of  Ftirstenberg,  which  may  be  directly  proved  in  the  case  of  many 
cartilages,  it  is  easy  to  show  that  in  those  cases  where  the  lamination  of  the 
matrix  is  not  completely  accomplished,  a  portion  of  the  original  cell  bound- 
aries vanishes  after  the  action  of  reagents,  just  as  in  most  cartilages  before 
the  action  of  reagents  they  are  likewise  indistinguishable.  It  stiU,  however, 
remains  a  question  whether  we  shall  represent  the  generations  of  capsules, 
of  which  the  matrix  of  cartilage  is  composed,  as  new  formations  proceeding 
from  the  surface  of  mother  and  daughter  cells,  or  as  metamorphosed  super- 
ficial layers  of  the  cell  protoplasm.  The  latter  view  is  held  by  Max 
Schultze,  Brticke,  and  Heidenhain ;  the  two  latter  investigators,  however, 
remark  upon  the  difficulty  of  disproving  the  opposite  view,  and  Heidenhain 
refers  to  cases  where  minute  cells  are  surroimded  by  strong  laminated  cap- 
sules. It  remains  to  be  investigated  whether  isolated  cells  can  undergo 
complete  chondrogenous  metamorphosis,  and  whether  it  can  thus  be  ex- 
plained how  it  happens  that  the  matrix  is  frequently  to  be  observed  desti- 
tute of  cells  for  a  considerable  extent. 

According  to  Harting's  researches  on  the  cartilages  of  the  ribs,  the  carti- 
lage cavities  increase  in  size  throughout  the  period  of  foetal  life  and  also  after 
burth.  The  number  of  cartilage  cavities  in  the  newly  bom  child  is  three  or 
four  times  greater  than  in  the  foetus,  whilst  in  adults  it  is  scarcely  half  as 
great  as  in  the  new-bom  child.  In  adults  t^e  cells  are  arranged  more  in 
groups  than  in  newly  born  children,  and  in  these  more  than  in  the  foetus. 

As  regards  the  growth  of  permanent  cartilage  in  length  and  thickness,  but 
little  is  positively  known.  It  is  impossible  to  admit  that  isolated  cell  for- 
mation in  the  interior  of  a  large  cartilaginous  mass  can  cause  an  increase  in 
its  volume. 

The  result  would,  however,  be  different  if  the  process  of  division  were 
frequently  repeated  at  the  surface,  or  between  two  definite  cleavage  planes 
throughout  the  entire  mass  of  the  cartilage.  Phenomena  of  growth  of  the 
latter  kind  are,  as  we  shall  hereafter  see,  to  be  very  beautifully  obser^^ed  in 
ossifying  cartilage.  Whether  a  deposition  of  new  cartilage  on  the  old  is 
effected  by  the  perichondrium,  as  some  authors  suppose,  is  a  matter  still 
requiring  further  observation.  Very  recently  attention  has  been  drawn  by 
Bubuoff  to  the  fact  that  cartilage  is  traversed  by  vessels,  the  tunica  adven- 
titia  of  which  sometimes  undergoes  conversion  into  cartilage.  The  relations 
of  the  walls  of  the  canals  traversing  cartilage  in  which  vessels  run,  to  the 
process  of  growth,  it  is  therefore  obvious,  also  require  investigation. 

In  their  early  stages  of  development,  reticulated  cartilages  are  hyaline, 
and  they  retain  this  condition  up  to  the  third  or  fourth  month  of  foetal  life. 
Fibres  make  their  appearance  about  the  fifth  month.  Here,  as  in  the  elastic 
fibres  of  connective  tissue,  the  formation  of  the  fibres  can  only  be  traced  back 
to  a  deposit  of  fine  fibres  in  the  matrix.* 

Calcified  Oabtilaoe. — A  deposit  of  the  salts  of  lime  frequently  occurs 
.  in  the  matrix  of  hyaline  cartilage. 

We  shall  hereafter  trace  more  carefully  such  calcification  of  true  cartilage 

*  Baihke,  loe.  cU.    Babl-Rttckhaidt,  Beichert  and  Da  Bois*  AnMv,  1868,  p.  41. 
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in  Uie  embryonic  cartilaginous  skeleton,  as  a  preparatory  stage  of  intracar- 
tilaginous  ossification.  Calcification  of  true  cartilage  also  occurs,  in  which 
the  calcified  tissue  persists  throughout  life.  Such  cartilage  was  first  de- 
scribed with  accuracy  by  J.  MUller,*  in  the  cortex  of  the  skeleton  of  the 
plagiostome  fishes,  under  the  name  of  tesselated  calcified  cartilage. 

Odcified  cartilage  occurs  also,  as  shown  by  H.  MUller,f  in  a  persistent 
condition  at  the  limits  of  ossification  of  the  embryonic  skeletal  cartilage,  as, 
for  instance,  subjacent  to  the  articular  cartilages,  at  the  junction  of  the  ribs 
▼ith  the  cartilages  of  the  ribs,  and  at  the  synchondroses  of  the  vertebra  and 
pehris.  It  is  rare  for  true  bones  and  uncalcified  cartilage  to  enter  into  direct 
contact  with  one  another. 

Fig.  20. 


Fig.  20.    Longitadinal  section  of  human  ulna. 

Calcification  also  occurs  in  cartilages  which,  like  those  of  the  larynx,  begin 
to  ossify  with  advancing  age.  In  such  cartilages  it  often  happens  that,  not- 
withstanding parts  are  found  in  which  both  to  the  eye  and  touch  earthy 
matters  appear  to  be  deposited,  examination  with  the  microscope  reveals  the 
presence  of  no  true  bone,  but  only  of  calcified  cartilage.  Keticulated  car- 
tilage only  calcifies  exc^tionally  in  certain  animals,  as  in  the  dog.  I 


*  PofggeDdarf  B  Atmaien,  1836,  p.  847. 

{ZmUehriftf&r  wi9i€MehaftUehe  ZooU>gie^  Band  ix.,  p.  51. 
H.  MflUer,  WHnburger  fuaurwUuTiiohiaftUc^  ZdUchrift,  Band  i,  p.  92. 
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Osseous  Tissue. 

Osseous  tissue  forms  in  mau  the  principal  constituent  of  the  bones  of  the 
skeleton,  and  of  the  oementum  of  the  teeth.  This  is  equally  true  of  all  Ver- 
tebrate animals.  A  number  of  osseous  fishes,  however,  instead  of  having 
their  skeleton  comi)osed  of  true  bone,  present  a  homogeneous  or  fibrous  os- 
teoid substance,  traversed  by  dentine-like  tubes  which  may  become  actual 
dentine.*  Taking  the  vertebrate  series  as  a  whole,  the  osseous  tissue  is 
widely  distributed,  since  certain  pai*ts  which  are  elsewhere  composed  of  soft 
tissues,  as  the  skin,  tendons,  and  sclerotic  coat  of  the  eye,  in  some  animals 
contain  bone.  In  man,  also,  osseous  tissue  occurs  in  some  soft  parts  as,  a 
pathological  formation. 

Structure  of  Osseous  Tissue. — In  a  histological  point  of  view,  we  dis- 
tinguish in  the  first  place  in  osseous  tissue  the  matrix  and  the  bone  corpus- 
cles. The  distinction  between  these  two  constituents  of  bone  may  be  easily 
perceived  on  microscopic  examination,  by  transmitted  light,  of  the  frequent- 
ly well-developed  thin  osseous  plates  that  occur  in  pathological  ossifications, 
or  of  the  laminaa  of  the  vomer,  lachrymal  bones,  etc.,  or  of  fine  sections 
prepared  from  the  larger  bones.  The  corpuscles  appear  as  dark  black  fig- 
ures, which  consist  of  a  central  area,  whidi  is  either  of  large  size  and  ellip- 
tical, or  smaller,  and  then  resembles  the  section  of  a  bi-convex  lens,  from 
which  delicate,  greatly  attenuated,  and  branched  fibres  are  given  ofiT  (bone 
canaliculi).  The  canaliculi  proceeding  from  different  corpuscles  intercom- 
municate,! and  thus  connect  the  dai*k  areas  with  one  another. 

The  dark  markings  are  distributed  through  a  clear  matrix  (fig.  20) ;  the  ma- 
terial in  which  the  corpuscles  are  situated  either  appears  quite  homogeneous 
in  the  form  of  a  lamina,  or  is  perforated  by  variously  arranged  spaces,  which 
are  often  so  large  and  numerous  that  only  a  network  of  bony  trabeculse  of 
various  thickness  is  left  surrounding  them,  or  the  spaces  may  be  of  rela- 
tively small  size,  in  which  case  the  surrounding  substance  is  split  by  paral- 
lel, straight,  or  annular  lines,  into  a  series  of  ribbon-like  laminss,  to  which 
the  corpuscles  are  attached  with  tolerable  regularity  in  successive  rows. 

The  dark  markings  caused  by  the  corpuscles  appear  equally  delicately 
white  and  lustrous,  if  the  section  is  examined  by  direct  instead  of  trans- 
mitted light. 

The  bone  corpuscles  and  canaliculi  were  first  described  by  Purkinje  and 
Deutsch.^  J.  Muller§  first  pointed  out  the  connection  existing  between  the 
two,  and  at  the  same  time  expressed  his  opinion  that  the  entire  system  of 
these  corpuscles  and  canaliculi  was  filled  with  lime,  on  which  account  they 
were  for  some  time  described  as  corpiiscula  and  canaliculi  chalicophori. 

Hie  matrix  of  h<me  which,  as  follows  from  what  has  been  stated  above^ 
frequently  exhibits  a  well-marked  lamellar  structure,  is  brittle  and  friable, 
and  confers  upon  it  its  peculiar  consistence.  If  a  poi'tion  of  bone  be  treated 
with  diluted  acids,  which  expel  the  carbonic  acid  from  its  combination  with 
lime,  and  render  the  latter  as  well  as  the  phosphate  of  lime  soluble,  the  bone 
becomes  soft,  whilst  it  preserves  its  original  form.  The  softened  remains  of 
the  matrix  represent  its  organic  basis,  the  so-called  hone  cartUage  or  ossein  / 

*  Eolliker,  Ueber  verse&iedeM  Typm  in  der  HRkroekopisohen  Structur  des  SkdeUes 
der  KnocJwnjMie^  **  On  the  various  Types  of  Microscopic  Structure  in  the  Skeleton 
of  Osseous  Fishea"    Aus  dem  ix.  Bande  der  WUrzburger  Verhandlungetk 

f  Erackenberg.  Mfiller's  Arehw,  1849,  p.  412. 

t  De  PeniUori  Osshim  SiruUurc^  18^ 

g  MttUer's  ArMv,  1886,  p.  6. 
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and  this,  on  being  boiled  with  water,  is  converted  into  gelatine,  though  more 
dowlj  than  collagen  is  obtained  from  connective  tissue.* 

Bones  thus  softened  in  acids  are  well  adapted  for  the  preparation  of  fine 
sections  for  the  microscope,  and  present  the  same  appearances  as  those 
already  described,  except  that  the  bone  coi-puscles  now  appear  by  trans- 
mitted light  more  transpai*ent  than  the  matrix. 

If  lime-ooDtaining  bones  are  boiled  for  a  long  time,  the  organic  material 
is  in  great  part  or  completely  removed,  and  the  em-ihy  matters  of  the  bone 
remain  behind,  still  preserving  their  original  form.  Chemical  examination 
sbowB  that  these  earthy  matters  consist  in  proportions  varying  with  the 
aoimal,  and  the  bone,  of  a  mixture  of  carbonate  of  lime,  of  tribasic  phos- 
phate of  lime  and  magnesia,  of  fluoride  of  lime,  chloride  of  sodium,  and 
traces  of  sulphates  and  of  silica.  The  organic  and  mineral  constituents  of 
the  matrix  of  bone,  which  are  thus  capable  of  being  separated  from  one  ano- 
ther, are  so  intimately  blended  together  both  in  moist  recent  and  in  dried 
bones,  that  even  with  high  microscopic  powers  no  distinction  can  be  per- 
ceived betweoi  them ;  such,  for  instance,  as  a  granular  precipitate  distri- 
buted through  an  organic  basis. 

It  has  not  been  accurately  ascertained  whether  the  osseous  substance  is 
composed  of  an  intimate  mechanical  mixture  of  two  molecules,  or  of  a  com- 
plex double  molecule. f  In  various  as  yet  imperfectly  \mderstood  diseases 
(Bachitis,  Osteomalacia),  the  bones  lose  their  mineral  matters,  and,  under- 
going other  concomitant  changes,  become  soft,  flexible,  and  capable  of  being 
cut,  whilst  the  bones  of  old  people,  with  coincident  signs  of  atrophy  (thin- 
ning, expansion  of  the  cavities),  become  more  rich  in  mineral  substances, 
less  elastic,  and  at  the  same  time  more  brittle. 

The  coarse  morphology  of  osseous  substance,  as  seen  under  the  microscope, 
consists  then,  as  already  mentioned,  of  plates,  fibre-like  trabeculfo,  and  su|)er^ 
imposed  lamellee.  The  appearances  presented  in  any  particular  case  are 
dependent  upon  the  osteological  importance  of  the  bone  examined,  upon  the 
direction  of  the  plane  in  which  the  section  is  made,  and  upon  the  part  of 
this  plane  selected  for  examination. 

O^teoiogista,  as  is  well  known,  arrange  the  bones  into  different  groups,  as 
the  long  or  tubuiar  bones,  flat  bones,  and  short  bones ;  and  structural  varia- 
tioDs  are  met  with  corresponding  to  these  divisions.  In  the  short  bones 
and  in  the  i^physes  of  the  long  bones,  the  osseous  tissue  forms  a  thin  layer 
of  compact  substance  on  the  surface ;  but  in  the  interior  small  laminis  exist, 
inclined  at  various  angles  to  one  another,  between  which  are  medullary 
spaces  containing  vessels  and  connective  tissue  with  marrow  and  &t  cells. 
The  snbstance  of  the  bone  consequently  here  presents  a  spongy  character. 
In  the  flat  bones,  tables  of  compact  mibatanoe,  corresponding  to  the  two 
principal  sur&cea,  are  superficially  placed,  between  which  the  osseous  sub- 
itance  presents  the  same  spongy  character.  The  compact  bony  substance  is 
strongest  in  the  diaphyses  of  the  long  bones;  but  even  here,  in  the. more 
interul  parts  which  sunx>und  the  great  medullary  cavity,  it  presents  the 
ipongy  character  which  is  more  conspicuous  in  proportion  as  the  epiphyses 
are  approximated. 

*  Kahne,  Fl^^tMogwihe  ChendB,  186^,  p.  aOl. 

t  itfoofding  to  the  younger  Milne  Edwards  {AnndL  dm  8m.  Nat.^  4  S.,  Tom.  xiii  p. 
113)f  diffwent  tionea  yield  tolerably  ooDstant  proportiona  of  oaaein  and  bone  earth. 
Bdt  the  coD<:liiflioD8  to  be  drawn  from  all  previous  anulyaes  of  bone  are  not  in  acoord- 
■aoe  with  this  statement.  On  feeding  animals  with  onusaal  diet,  as,  for  instance, 
withdzmwal  of  flesh  from  the  food  of  a  oamivorous  animal,  even  if  the  bones  are  coin- 
odeotaflj  apfilied  with  non-nitrogenoos  material,  they  become  poorer  in  aalta. 
7 


Digitized  by 


Google 


98  THE  CONNBCnVE  TISSUES. 

On  making  fine  sections  of  the  compact  substance  of  the  tubular  bones 
after  removal  of  the  mineral  matter,  some  of  the  finer  characters  may  be 
very  distinctly  brought  into  view.  Sections  carried  perpendicularly  to  the 
long  axis  of  the  bone  exhibit  larger  or  smaller  round  or  slightly  oval  spaces, 
which  are  seldom  elongated  in  a  longitudinal  direction,  but  are  often  bound- 
ed by  slightly  sinuous  lines,  and  represent  the  transverse  sections  of  the 
Haversian  canals  hereafler  to  be  described.  Around  these  the  matrix  of 
the  bone  forms  concentrically  aiTanged  ribbon-like  striae,  which,  in  a  certain 
focus  of  the  mici-oscope,  in  the  portion  nearest  to  the  canals,  appear  radially 
striated  and  somewhat  darker  than  elsewhere.  The  number  of  laminae  suc- 
ceeding one  another  from  witliin  outwards  varies,  but  the  smaller  canals  have 
fewer  than  the  larger.  As  many  as  fifteen  have  been  counted.  The  system 
of  rings  surrounding  each  space  is  enclosed  by  similar  rings  pursuing  a 
course  parallel  to  the  external  surface  to  the  bone,  so  that  the  latter  may  be 
difierentiated  fi*om  the  former  as  being  of  a  higher  order;  but  since  the 

Fig.  31. 


Fig.  21.  Transverse  section  of  human  femur,  deprived  of  mineral  matter  by 
hydrochloric  acid. 

systems  of  the  first  order  cease,  in  some  instances  nearer,  and  in  others  at  a 
point  more  distant  from  the  surface  of  the  bone,  the  number  of  the  rings 
rimning  concentrically  with  the  general  circumference  of  the  bone  is  not 
constant,  but  is  smaller  where  the  rings  of  the  first  order  approximate  more 
closely  to  the  surface.  Only  those  which  course  around  the  most  superficial 
systems  of  the  first  order  completely  surround  the  bone.*  The  spaces  which 
remain  between  the  systems  concentric  to  the  Haversian  canals  in  the  in- 
terior of  the  bone,  and  which  present  areas  with  three,  four,  or  more  angles, 
with  incurved  sides,  are  occupied  by  an  interlamellar  mass  presenting  a 
similar  lamination.  The  interlamellar  systems  also,  for  the  most  part,  run 
parallel  to  the  surface  of  the  bone  ;  but  it  may  also  occur  that  they  run  par- 
allel to  the  two  opposite  boundaries  of  the  areas^  and  stand  perpendicularly 
to  others ;  or  there  may  occur  in  the  areas  themselves,  again,  vertices  of  the 
systems  of  rings,  which  cut  the  dii-ection  of  the  closed  systems  at  variaus 
angles,  as  shown  in  fig.  21. 

*  Tomes  and  De  Morgan,  Pkilosopkical  TransacUcmSy  1853,  Y<^  1,  p.  109. 
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But  we  frequently  also  meet  with  concentrically  arranged  systems  of  the 
first  order,  which  have  become  flattened  by  mutual  pressure,  and  are  not 
separated  by  any  interlamellar  substance.  The  latter  seldom  occurs  in  the 
tubalar  bones  of  man,  the  former  commonly  occurs  in  animals. 

Frey  *  calls  the  connective  systems  of  the  first  order  special  or  Haversian 
kmelliB ;  the  others,  general  or  fundamental  lamellse.  It  is  more  impoi  - 
tant  to  distinguish  the  three  series  of  Haversian  lamellss,  intermediate  1am- 
ellss,  and  peripheric  lamellsB. 

The  open  or  closed  systems  of  rings  seen  in  transverse  sections  of  bone, 
are  the  ti-ansverse  sections  of  lamellss  arranged  around  longitudinal  and 
anastomosing  canals,  the  transverse  sections  of  which  last  constitute  the 
spaces  ah'eady  described.  Of  this  we  may  convince  ourselves  by  making 
longitudinal  sections  of  the  long  bones  (fig.  9),  in  which  the  vessels  may  be 
wen  to  form  elongated  meshes.  They  either  branch  at  acute  angles,  or  if 
the  branches  are  more  divaricant,  they  soon  follow  a  less  divergent  direc- 
tion, or,  which  is  more  usual,  they  communicate  by  means  of  short  oblique 
or  rarely  transverse  branches,  and  pursue  a  course  that  is  but  slightly  in- 
clined to  the  long  axis  of  the  bone.  The  above-mentioned  Haversian  or 
medullary  canals,  opening  upon  the  external  surface  of  the  compact  sub- 
stance, or  into  the  medullary  spaces  of  the  spongy  substance,  ai*e  destined 
for  the  passage  of  blood-vessels.  The  spaces  intervening  between  the  Ha- 
versian canals  are  occupied  by  the  ribbon-like  longitudinal  sections  of  the 
luuellsa.  Portions  of  Uiese  lamellis  of  the  compact  substance  of  the  long 
bones  may  either  be  splintered  off,  or  they  may  be  obtained  by  sections 
made  parallel  to  the  surface.  With  high  iK)wers  and  a  good  microscope,  a  . 
8hiir[)iy  defined  punctation  may  be  observed  in  them,  besides  also  an  indis- 
tinct, dull,  veiny  appearance,  the  whole  substance  being  thus  divided  into  a 
few  bright  islands. 

The  punctiform  appearance  is  the  expi*ession  of  small  roimd  holes  (sec- 
tions of  the  bone  canals  to  be  hereafter  described).  The  regulai*  rhombs 
represented  by  Sharpey,f  and  observed  also  by  K6lliker,J  in  his  earlier  pre- 
parations, appear  to  occur  only  under  quite  special  conditions. 

In  complete  analogy  with  the  arrangement  of  the  Haversian  canals  and 
hunelltt  of  the  compact  substance  of  the  shaft  of  the  long  bones,  is  that 
seen  in  the  compact  substance  of  the  other  classes  of  bones,  when  sections 
tie  carried  through  them  in  vaiious  directions,  except  that  the  relations  are 
amplified  in  accordance  with  the  smaller  thickness  here  presented  by  the 
compact  substance.  The  lamella  again  in  these  cases  form  £ke  extreme  boun- 
daries of  the  bone ;  and  if  the  thickness  of  the  compact  substance  is  very 
snail,  they  may  even  constitute  the  entire  mass  of  the  bone. 

The  trabecuLee  and  lamellao  of  the  cancellous  tissue  present  various  forms, 
«nd  in  many  instances  the  stronger  trabecul®  are  veiy  regularly  arranged, 
» that  a  kind  of  fibrillation  is  exhibited,  which  pursiies  a  definite  direction 
in  regard  to  the  surfaces  of  the  bone  examined.  H.  Meyer  §  has  described 
mch  appearances  in  the  bones  of  the  lower  extremity  of  man,  and  has  shown 
that  they  stand  in  a  certain  relation  to  the  importance  of  the  bone  as  an 
OKgan  of  support.  In  the  stronger  trabeculra  and  lamellss  of  the  cancellous 
tiaiie,  Haversian  canals  may  be  seen  with  their  concentric  lamellar  systems. 
In  others  we  obtain,  dependent  on  their  more  cylindrical  or  more  fiattened 

*  muohffie  and  Butochemie,  1867,  p.  280. 

f  An  Ultutratian  of  this,  after  a  preparation  of  Sharpey,  may  be  found  in  the  large 
]Bero90opie  Anatomy  of  Haasall,  Taf.  30,  fig.  4 
I  OevebMkrs,  1867.  p.  186. 
i  Beichert  and  Da  Boia'  Archiv^  1867,  p.  615. 
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form,  and  the  side  from  which  they  are  examined,  appearances  similai*  to 
those  offered  by  a  flat  view  of  the  lamellte  of  the  compact  substance ;  or 
else  strife  and  bands  which  form  the  limits  of  the  trabecul»  in  regard  to 
the  medullary  spaces  they  surround. 

We  now  turn  to  the  consideration  of  the  so-called  bone  corpuscles  and 
their  processes.  The  form  of  these  in  the  bones  of  man  is  elongated  and 
lenticular,  and  those  of  animals  are  for  the  most  part  very  similar.  When 
seen  on  the  broad  surface  of  the  lamellfe,  they  appear  elliptical ;  but  seen  on 
the  small  transverse  section  of  the  lamell»,  they  resemble  the  transverse  sec- 
tion of  a  bi-concave  lens.  In  reference  to  their  position  to  the  lamell»,  they 
are  found  at  the  margins  of  the  latter,  arched  in  accordance  with  curva- 
ture of  the  sur&ce  of  the  lamellsa  where  these  form  small  arcs  and  adhering 
to  their  convex  surfietce.  In  regard  to  their  number,  Welcker  *  counted  in 
each  square  millimetre  of  the  transverse  section  of  bone  740  on  the  average 
in  man ;  the  number  varying  from  780  to  800.     Uaiiiing  gives  910. 

From  these,  as  shown  in  fig.  22,  the  above-mentioned  branched  and  anas- 
tomosing processes  are  given  off  in  all  directions,  but  especially  at  right 


Fig.  23. 


Fig.  22.  Bone  ooiposoles  with  their  processes,  as  seen  in  a  thin  section  of  human  heme. 

angles  to  the  lamellae,  and  in  the  direction  of  the  medullary  canals.  These 
processes  do  not,  however,  i  un  in  a  single  plane,  but  are  much  curved,  and 
hence  in  thin  sections  of  bone,  whether  transverse  or  longitudinal,  we  meet 
with  them  cut  either  transvei^sely  or  more  or  less  obliquely ;  and  they  may 
either  appear  still  in  connection  with  the  corpuscles,  or  a  portion  only  of 
their  course  may  be  seen ;  or,  lastly,  their  communication  with  each  other 
may  alone  be  brought  into  view  (fig.  22).  In  good  sections  the  fine  cauali- 
culi  may  be  followed  either  to  the  surface  of  the  bone,  or  to  the  medullary 


♦  ZeUschriftfur  raUoneUe  Median,  N,  -F.,  Band  viiL,  p.  232. 
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canalfl  and  spaces  where  they  terminate  bv  open  mouths,  or  they  may  reach 
to  the  ends  of  bones  invested  with  cartilage,  in  which  case  they  terminate 
in  blind  pointed  extremities. 

When  the  view  already  mentioned,  which  led  to  the  terms  corpuscles  and 
chaUcophorous  canaliculi  being  employed  to  indicate  the  lacunas  and  canali- 
euli,  had  fallen  into  disrepute  because  it  had  been  shown  by  Lessing  *  that 
their  dark  appearance  in  dry  bones  on  examination  with  transmitted  light, 
and  their  white  appearance  with  direct  illumination,  was  to  be  ascribed  to 
their  containing  air,  and  observers  were  therefore  inclined  to  regard  them 
as  constituting  a  lacunar  system,  which  in  the  living  bones  was  filled  with  fluid  ; 
the  researches  of  Yirchow  f  again  brought  into  prominence  the  view  that 
these  structures  were  corpuscles  capable  of  being  isolated.  Yirchow  effected 
the  isolation  of  the  bone  corpuscles  by  macerating  the  lamell»  in  hydro- 
chloric acid ;  but  the  same  result  can,  according  to  Forster,|  be  obtained  by 
means  of  nitric  acid.  A  still  better  mode  of  procedure  is  to  boil  the  bones 
deprived  of  Ume  with  hydrochloric  acid  under  pressure.  In  this  mode  F. 
Hoppe  §  isolated  very  beautifully  the  bone  corpuscles  from  the  cutaneous 
l^tes  of  the  sturgeon.  Yirchow  in  the  first  instance  believed  that,  in  accor- 
dance with  his  views  on  the  nature  of  the  connective  tissues,  he  had  in  these 
corpuscles  isolated  the  proper  cells  of  bone ;  and  their  isolability  in  such 
experiments  was  supposed  to  depend  upon  the  great  resistance  of  an  imagi- 
nary cell  membrane  to  the  action  of  hydrochloric  acid.  We  now  know, 
however,  that  the  isolation  of  these  structures  can  be  effected,  not  only  in 
dry  bones,  as  Yirchow  already  knew,  but  also  in  bones  which  have  been 
bug  macerated  or  treated  with  strong  alkalies,  H  and  therefore  under  con- 
ditions  which  would  destroy  all  soft  tissues ;  hence  we  must  admit,  that  in 
these  experiments  a  peculiar  dense  and  resLstant  layer  of  the  matrix  of  the 
bone  itself  is  isolated,  which  forms  the  wall  of  the  cavities  representing  the 
form  of  the  so-called  bone  corpuscles  and  their  processes.  The  observations 
of  Kolliker^  and  of  Neumann**  have  an  important  bearing  on  this  explana- 
tion, since  in  a  similar  series  of  experiments  they  frequently  obtained  isola^- 
ted  tubules,  simulating  the  form  of  the  Haversian  canals.  The  question, 
what  is  the  nature  of  the  contents  of  these  cavities  during  life  ?  is,  as  thus 
broadly  stated,  not  easy  to  answer. 

According  to  a  very  recent  communication,  Klebsff  has  convinced 
hiouelf  that  their  contents  in  the  older  bones,  even  when  quite 
fresh,  are  of  a  gaseous  nature.  He  rests  his  assertion  especially  upon  the 
dark  appearance  the  bone  corpuscles  present  by  transmitted  light,  either 
in  bones  examined  in  the  fresh  state  or  under  water ;  secondly,  because  by 
means  of  an  air-pump  a  large  quantity  of  gas  can  be  obtained  from  the 
bones ;  and  lastly,  because  exposure  to  a  solution  of  potash,  which  effects 
the  absoq^tion  of  the  contained  air  (CO  ),  renders  the  corpuscles  transparent. 

The  bone  corpuscles  appear  to  be  destitute  of  air  in  those  bones  only 
which  are   in  contact  with  soft   parts,   or  in  foetal  bones ;    in  point  of 

*  Ueber  Hn  pUumaH^ches  Gefimygtem  in  aUen  Gew^eninsbsaonders  in  Knaehen  und 
ZAknen^  '^  On  the  presence  of  a  Plasmatic  Vascular  System  in  all  forms  of  Tissue, 
bat  especiaUy  in  the  Bones  and  Teeth.**    Hamburg,  1B46. 

♦  Wurthurger  Verhandhmgm,  Bandi,  1850,  p.  193. 

i  ArcHtfar  Pathotoguche  ATiotomie^  Band  xviii.,  p.  70. 
I  Jd4m,  Band  v.,  pp.  179  and  181. 

f  E.  Neumann,  Beiirdge  zur  KenrUnm  des  normalen  Zahnbein  wid  Knoeh&ngembe^y 
'^Enays  on  Healthy  Dental  and  Osseous  Tissue.**    Konigsbeig,  1863,  p.  42. 
*[  JfikroMkopuehe  Anatamie^  p.  83. 
••  I/K  dt 
tt  C^ntraiNaUf&rdiefMdieiimehm  Wisaentehaften,  1868,  p.  61. 
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fact,  it  is  not  difficult  to  demonstrate  in  many  instances  that  cell-like  struo* 
tures  containing  nuclei  occupy  the  lacunsB  of  bone.* 

For  observations  of  this  nature  the  large  lacunaa  of  embryonic  bones  are 
well  adapted,  as  are  also  those  which  are  found  in  the  younger  layers  of 
bone  that  lie  immediately  subjacent  to  the  periosteal  connective  tissue  in- 
vesting the  bones.  Good  results  may  be  obtained  from  bones  decalcified 
with  weak  acids  (chromic  acid,  or  a  mixture  of  this  with  a  little  hydro- 
chloric acid),  especially  if  thin  sections  are  tinted  with  carmine.  On  the 
other  hand,  it  is  difficult,  even  after  this  procedure,  in  the  case  of  old  bones, 
to  recognize  with  certainty  either  cells  or  their  remains  in  the  granular 
masses  which  occur  in  the  lacunse,  and  which  were  long  ago  observed  by 
Schwann  in  decalcified  bones. 

Sharpey  f  has  described  certain  fibres  which  come  into  view,  if  we  at* 
tempt  to  isolate  the  lamell»  of  a  decalcified  flat  or  long  bone,  as  constituting 
a  special  morphological  constituent  of  osseous  tissue.  They  i*un  in  planes 
which  lie  nearly  perpendicular  to  the  surface  of  the  lamellie,  and  appear  as 
|K)inted  processes  projecting  from  the  surface  of  those  lamell»  that  have 
been  torn  away  from  their  attachments ;  whilst  in  the  adjoining  lamella 
the  foramina  may  be  recognized  from  which  these  so-called  Sharpey's  or 
perforating  fibres  have  been  withdrawn.  As  H.  Miiller|  showed,  they 
occur  in  man  in  the  bones  developed  in  periosteum,  and  may  there  attain  a 
length  of  as  much  as  three  millimetres,  whilst  their  thickness  varies  from 
0*002  to  0  005,  sometimes  even  to  0*015  millimetres. 

The  perforating  fibres  are  calcified  rods,  which,  prior  to  the  formation  of 
the  bone  lamelln  they  traverse,  extend  as  bridges  between  the  embryonic 
bone  and  the  surrounding  connective  tissue,  through  the  formative  layers  of 
the  bone  lamellsB  ;  with  increasing  thickness  of  the  lamellsB  they  first  elon- 
gate and  then  calcify.  When  a  portion  of  these  fibrous  bundles  remains 
uncalcified,  they  form,  according  to  H.  Muller,  when  the  bone  is  dried,  the 
perforating  tubes  described  by  Tomes  and  De  Morgan. 

EoUikerg  has  called  attention  to  the  wide  distribution  of  the  perforating 
fibres,  especially  amongst  Fishes. 

Development  of  Boke. — Embryological  investigation  shows  that  almost 
the  entire  bony  skeleton  of  vertebrate  animals  is  developed  from  a  cartila- 
ginous skeleton  which  is  laid  down  at  an  early  period.  This  was  originally 
held  to  be  the  mode  of  development  of  ail  bones,  till  Sharpey  and  Kulliker 
demonstrated  that  several  of  the  ci'anial  bones  originated  directly  from  con- 
nective tissue.  These  constitute  the  investing  bones  of  the  primoi*dial  skull. 
It  has  now  been  known  for  a  considerable  time  that  both  kinds  of  bone, 
those  developed  in  cartilage  (primordial  bones),  as  well  as  the  investing 
bones  (secondaiy  bones),  when  once  formed,  receive  iresh  accessions  of  os- 
seous tissue  from  the  periosteal  connective  tissue,  and  that  they  thus  increase 
in  thickness.  Yirchow  first  pointed  out  that  in  these  cases  the  osseous 
tissue  is  developed  from  connective  tissue  in  the  same  way  as  in  the  develop- 
ment of  secondary  bones. 

According  to  these  diffei-ent  processes,  three  separate  modes  of  development 

*  Donders,  Mulder,  Verfmeh  dner  phymciogiseken  Chemie^  p.  595.  Kolliker,  Mikro^ 
nkopuche  Anatomie,  Band  ii  p.  S97.  Rouget,  Journal  de  la  nyHoiogie,  1858,  p.  764. 
Beale,  loc  cU.,  p.  12S. 

j-  Qttain^s  AnaUnny^  sixth  edition. 

z  Wurtburger  natunnssemcfiaftlic/ie  Zeitsehrijt,  Band  L,  p.  206. 

g  72^,  Band  i.,  806. 
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of  bone  may  be  differentiated^  the  intrarcartilaginous,  the  intra-membranous, 
and  the  periosteal ;  but  we  shcJl  Bee  that  in  all  these  cases  the  osseous  tissue 
originates  in  an  essentially  similar  neoplastic  formation  (osteogenous  sub- 
stance), and  also  that  the  connective-tissue-like  deposit  preceding  the  forma- 
tion of  the  several  bones  probably  in  all  cases  proceeds  from  the  same  germs ; 
in  abort,  that  the  above-mentioned  differences  i-efer  to  the  place  where  the 
bone  develops,  and  to  the  presence  or  absence  of  cartilage,  but  that  the  pro- 
cess of  osteogenesis  itself  is  essentially  the  same  in  all. 

In  those  cases  where  the  form  of  the  fiiture  bone  is  more  or  less  distinctly 
defined  in  the  embryonic  cartilaginous  skeleton,  it  may  easily  be  supposed 
that  the  matrix  of  the  bone  oiiginates  in  a  metamorphosis  of  the  matrix  of 
the  cartilage,  and  the  lacunsB  and  corpuscles  either  as  Outgrowths  of  the 
cartilage  corpuscles,  or  by  the  formation  of  layers  of  secondary  deposit,  tra 
versed  by  porous  canals,  occurring  in  the  supposed  membrane  of  the  carti- 
lage cells.  In  regard  to  the  formation  of  the  larger  medullary  spaces,  we 
must  admit  a  process  of  absorption  of  the  cartilage,  or  of  the  young  bone 
developed  from  it,  with  coincident  development  of  the  contained  material. 
These  statements,  which  were  first  advanced  as  a  matter  of  opinion  by 
Schwann*  and  Henle,f  have  obtained  general  acceptance,  and  for  a  long 
time  were  believed,  in  Germany,  England,  and  France,  to  be  in  accordance 
with  the  direct  observations  which  had  been  made  in  ossifying  cai-tilage.l 
This  was  especially  the  case  in  Gei-many,  K6lliker§  having  employed  rachi- 
tic bone  as  a  microscopic  object  where  the  mode  of  conversion  of  cartilage 
corpuscles  into  bone  corpuscles,  described  by  Schwann  as  being  analogous 
to  the  formation  of  dotted  vegetable  cells,  may  really  be  distinctly  followed ; 
and  recently  Lieberkiihn  |  has  investigated  the  normal  ossification  of  carti- 
lage in  a  series  of  papers,  and  has  sought  to  represent  the  principal  facts  in 
accordance  with  the  statements  above  made  in  regard  to  the  transformation 
of  cartilage  into  bone.  Another  mode,  which  has  proved  to  be  the  correct 
one,  notwithstanding  that  only  a  few  %  were  inclined  to  accept  it,  was  pro- 
posed by  H.  MuUer**  in  1858.  It  was  further  pursued  by  other  observei-8,ff 
and  has  led  to  the  establishment  of  the  essential  facts  to  be  now  mentioned 
regarding  the  ossification  of  cartilage. 

The  ossification  of  those  parts  of  the  skeleton  which  are  oiiginally  carti- 
laginous, proceeds,  as  is  well  known,  fi-om  certain  points,  called  points  or 
centres  of  ossification.  In  these  there  appear  in  the  first  instance  tubes 
(cartilage  canals)  filled  with  a  soft  cellular  mass,  into  which  blood-vessels, 
springing  from  the  perichondrium,  may  be  traced  (medulla  of  cartilage). 

^  Jiikronkop.  UrUenueh.,  etc.    Berlin,  1839,  pp.  85  and  115. 

\  ABgemeiM  Anntfmie,  1841,  p.  881. 

i  See  for  the  historical  details  of  the  subject  the  paper  by  H.  Miiller  in  the  Zeit- 
iAriftfur  leinensehaflUtJie  Zociogie,  Band  ix.,  p.  147,  et  seq. 

§  MktML  dtr  Zurich  Naturf&nch,  QeseU.,  1847,  Noe.  11  and  12 :  and  Froriep's  No- 
tkim,  1848,  p.  120. 

I  Beichert  and  Dn  Bois'  Archiv,  1802,  p.  702;  1868,  p.  614;  1864,  p.  598;  1865, 
p.  401 

■  E.  H.  Weber,  Ansg.  v.  Hildebrandt's  Anatamu,  laSO,  p.  334,  u.  d.  f.  Sharpey, 
Qnain'a  Anai&mp,  fifth  edition.  Bruoh,  Denkachr.  d.  sehweui,  Naturf,  Oes,,  Bond  xi. 
Banr,  Mailer's  Arddv,  1857,  p.  347. 

**  ZdUckriftf&r  wig9en$cfiaftiiefis  Zot^ogie,  Bond  ix.,  p.  145. 

ff  Gegenbanr,  Jenaische  ZetttcJmft  fur  Medidn  und  i^atunmsenschafUn,  1864.  p. 
HI;  1866,  pp.  54  and  206.  Landois,  CentrnlUatt  fur  die  Medidn.  Vmsensehaften, 
Bedin,  1865,  Noe.  16, 18,  and  82 ;  ZdUchriJt  fur  tPtssensehaftUche  Zoologie,  xvi.,  p.  28. 
Waldeyer,  Uebar  den  Omfleatums-proMts^  Aram  fur  mikrtmkopiwJie  Anatomie,  Band  i. , 
^851 
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These  canals  lead  to  those  parts  where,  in  consequence  of  the  deposition  of 
the  salts  of  lime  in  the  matrix  of  the  cartilage,  the  white  appearance  and 
firm  consistence  of  bone  are  first  observable,  and  form  large  irregularly 
dilated  spaces,  which  are  also  filled  with  medullaiy  matter  containing  blood- 
vessels. These  spots,  traversed  by  dilated  canals,  lend  support  to  and 
confer  firmness  upon  the  remains  of  the  cartilage,  which  has  now  in  great 
part  apparently  undergone  absorption,  and  is  thoroughly  impregnated  with 


Fig.  23.  Longitudinal  section  carried  through  the  line  of  ossification  of  a  tubular  bone. 

From  a  human  embryo. 

granular  deposits  of  lime.  In  the  neighborhood  of  these  spots  the  cartilage 
appears  ti*an8pareut  and  composed  of  large  clear  cells  separated  from  one 
another  by  only  a  small  portion  of  matrix.  When  a  more  cai'eful  examina- 
tion is  instituted,  it  is  observable,  however,  that  the  limits  of  the  cavities 
filled  with  medulla,  and  the  large-celled  cartilage  region,  on  the  one  hand, 
and  the  limits  of  the  calcified  trabeculas  and  the  large-celled  cartilage  region 
on  the  other,  do  not  coincide ;  for  tbe  calcified  portion  may  be  followed  be- 
yond the  linuts  of  the  medullary  spaces,  and  terminates  in  the  form  of  fine 
processes  in  the  larger  trabecular  of  the  matrix  of  the  still  unpenetrated 
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cardlage.  The  cells  at  the  limits  of  the  latter  appear  to  occupy  the  tubular 
extremities  of  the  calcified  tissue,  and  there  first  come  into  contact  with 
the  medulla.  Such  are  the  processes  in  cartilage  that  precede  the  formation 
of  bone.  Osseous  tLssue  is  only  developed  in  those  parts  where  medullary 
sabsianoe  has  been  first  formed,  and,  indeed,  upon  its  surface,  being  super- 
imposed upon  the  previously  calcified  cartilage.  In  regard  to  this  point, 
however,  a  fuller  description  will  hereafter  be  given.  It  is  not  difficult  to 
see  these  phenomena  in  the  centres  of  ossification  of  the  short  bones,  or  in 
the  diaphyses  of  the  long  bones.  The  centiies  of  ossifications  of  the  epi- 
physes which  appear  at  a  later  period  are  also  exceedingly  well  adapted  for 
observations  of  this  kind.  The  embryos  from  which  the  preparations  are 
made  ought  previously  to  be  macerated  in  chromic  acid,  or  still  better,  in 
Mailer's  fluid.  The  most  instructive  specimens  are  furnished  by  keeping 
the  preparations  for  a  somewhat  longer  time  in  the  latter  fluid  till  they  can 
be  cut  with  &cility,  and  then  staining  them  with  carmine. 

The  changes  described  gradually  extend  from  the  centre  of  ossification 
into  the  adjoining  cartilage.  Longitudinal  sections  through  the  diaphyses 
of  foetal  bones,  which  display  the  margins  undergoing  ossification,  are  best 
adapted  for  microscopic  investigation.  The  appearances  pi*esented  by  such 
a  longitudinal  section,  if  it  contains  all  the  parts  undei^oLng  change  from 
the  still  unaltered  CHj*tilage  to  completely  formed  bone,  are  the  following 
(fig.  23).  Immediately  below  the  cartilage  exhibiting  the  characters  of 
fcetal  cartilage,  as  it  appeara  previously  to  ossification,  there  follows  a  layer 
of  cartilage  (a)  in  which  the  cells  lie  more  closely  compressed  together,  and 
present  a  defiiiite  arrangement.  They  form  longitudinal  rows.  In  these 
rows  the  cells  i4)pear  as  plates  flattened  in  the  direction  of  the  long  axis  of 
the  bone,  superimposed  upon  one  another,  so  that  a  transverse  section  made 
from  this  region  presents  some  similarity  to  that  of  the  free  surface  of  the 
articular  cartilages,  or  that  exhibited  by  other  cartilages  ki  the  layer  imme- 
diately beneath  the  perichondrium.  These  long  rows  g^  flat  cells  are  further 
characterized  by  the  circumstance  that  they  are  often  clavate,  and  interca- 
late with  one  another  alternately,  with  their  pointed  extremities  dii<ected  in 
opposite  ways.*  It  is  moreover  not  difficult  to  convince  one's  self  that  these 
rows  of  cells  originate  in  continuous  processes  of  fission ;  and  in  regard  to 
this  point  the  preparations  are  very  instructive  that  were  examined  and  de- 
scribed by  Aeby,  showing  that  the  club-shaped  cells  develop  from  the  trans- 
verse fission  of  elongated  cells,  the  daughter  cells  becoming  placed  alter- 
nately one  above  the  other.  Tlie  several  long  rows  of  fiat  cells  are  not  all 
amu^^  at  equal  distances  from  one  another,  but  are  divided  into  variously 
sixed  vertical  groups  by  strong  trabecule  of  the  matrix. 

To  the  well-characterized  region  of  flattened  cells,  arranged  in  vertical 
rowa,  there  succeeds  near  the  line  of  ossification  a  second  region  (6),  in 
vhidt  clear  and  remarkably  large  cells  containing  beautiful  spherical  nuclei 
are  found.  The  larger  size  of  these  cells,  in  comparison  with  those  con- 
tained in  the  region  just  described,  is  to  be  attributed  chiefly  to  the  increase ' 
of  the  diameter  coinciding  with  the  longitudinal  axis  of  the  bone.  Tliia 
Kgion  contains  in  the  same  area  a  much  smaller  number  of  cells  than  even 
the  primary  cartilage  lying  over  the  region  where  they  are  arranged  in  ver- 
tical rows.  Examined  with  the  naked  eye,  the  region  of  large  cells  seen  in 
Vngitudinal  section  in  fresh  foetal  bone  appears  clearer  and  more  transparent 
than  any  other  part.  This  region  presents  a  great  similarity  to  that  stage 
of  foetal  cartilage  in  which  the  cells  are  still  capable  of  being  easily  isolat^. 

•  Ael^,  ZeiUehrift  fUr  ratioMUe  Medidn,  3  R.,  Band  iv.,  p.  38,  u.  d.  t 
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Between  the  largo  transparent  cells  such  strong  trabeculse  of  the  matrix 
alone  intervene  as  run  parailel  to  the  longitudinal  direction  of  the  bone, 
and  between  which  the  ceUs  lie  in  single  or  more  frequently  in  multiple 
rows.  Where  these  trabecule  are  absent,  the  cells  appear  to  be  in  direct 
contact  with  one  another.  Even  then,  however,  when  the  cells  have  be- 
come somewhat  shrivelled,  a  very  delicate  structure  may  be  distinguished, 
formed  by  the  presence  of  small  quantities  of  the  matrix  intervening  be- 
tween each  of  the  vertical  rows.  The  septa  intermediate  to  the  cells  in 
the  latter  case  are  arranged  like  the  steps  of  a  ladder  (see  the  illustration) 
between  the  adjoining  longitudinal  trabeculsB.  Still  more  internal  to  the 
region  of  large  cells,  the  thicker  vertical  trabeculaa  become  the  seat  of  the 
deposit  of  the  lime  salts,  in  the  form  of  small  granules  or  confused  masses 
on  their  internal  surface,  and  at  the  same  time  they  become  somewhat 
thicker.     We  then  reach  the  region  of  calcified  cartilage,  which,  according 

Fig.  24. 


Fig.  24.    Transverse  section  through  fcetal  cartilage  in  which  ossification  haa  com- 
menoed. 

to  H.  MUller,*  usually  precedes  the  true  process  of  ossification.  A  very 
beautiful  mode  of  supplementing  the  images  hitherto  only  seen  in  longitu- 
dinal section,  and  which  have  been  best  described  by  Waldeyer,t  is  that 
by  which  transverse  sections  are  examined  that  are  successively  carried 
through  the  seveiul  regions  above  described. 

The  appearances  presented  by  transverse  sections  of  the  calcified  cajr- 
tilage  are  especially  worthy  of  notice.  In  these,  calcified  lings  surrounding 
*  one  or  several  of  the  large  cells,  and  characterized  by  their  granular  or 
cloudy  appearance,  come  veiy  distinctly  into  view.  If  the  transverse  section 
approximates  nearer  to  the  bone,  the  calcified  rings  increase  in  thickness, 
and  still  lower  down  the  cells  which  occupy  the  calcified  ringa  become 
smaller,  more  numerous  (fig.  24),  and  more  strongly  granular.  Beneath 
these  cells  we  find  masses  of  protoplasm  often  of  considerable  size,  con- 
taining two  or  more  nuclei,  together  with  a  gi^eat  number  of  small  nuclei. 


♦  Log,  eU.,  p.  157. 

t  Loe,  ciL,  p.  359,  v.  Ta£.  1 
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The  many-nucleated  cells  have  been  rightly  associated  by  Gegenbaur  *  and 
Waldeyer,  f  with  the  myeloplaxes  described  by  Robin.  |  The  selection  of 
successively  lower  planes  for  the  transverse  section  thus  leads  from  the  large- 
celled  r^on,  the  calcified  rings  remaining  without  essential  change,  to  a 
plane  in  which  proliferated  cells  appear  between  the  calcified  ti'ubeculsa. 
This  also  immediately  becomes  evident  if  we  return  to  the  examination 
of  a  longitudinal  section. 

The  ap{)earance  presented  by  a  longitudinal  section  is  further  rendered 
very  remarkable  by  the  circumstance  that  the  elongated  spaces  bounded  by 
the  above-described  calcified  trabeculse,  suddenly,  at  a  tolerably  well-defined 
limit  (</,  fig.  23),  change  their  contents  from  large  cartilage  cells  to  a  mate- 
rial of  a  different  nature.  This  consists  of  granular  cells  that  lie  closely 
oompreased  against  the  cartilage.  These  cells  are  provided  with  a  variable 
munber  of  longer  or  shorter  processes,  which,  however,  can  only  be  well  seen 
in  preparations  that  have  been  teased  out  with  needles,  or  pencilled  out  with 
a  brush.  If  we  follow  up  the  trabecules  surrounding  these  masses  in  the  direc- 
tion of  the  cartilage,  we  shall  see  that  the  granular  cells,  accumulated  where 
the  cartilage  commences,  form  an  epithelium-like  layer  investing  the  surfaces 
of  the  expanded  prolongatioim  of  the  vertical  trabeculsR,  whilst  the  middle 
part  of  the  contained  mass  is  occupied  by  delicate  fusiform  or  stellate  cells, 
amongst  which,  however,  small  roundish  coarsely  granulated  cells  are  dis- 
tributed.    In  this  last  tissue  well-developed  blood-vessels  are  clearly  visible. 

Thus  in  the  cavities  of  calcified  cartilage  there  appears  in  the  first  instance 
a  new  soft  material  composed  of  numerous  cells,  of  which  the  superficially 
dtuated  are  dififerentiated  from  those  that  occupy  the  interior. 

The  question  now  aiises,  from  whence  do  these  tissues  originate  ?  It  is  to 
be  remarked  that  the  limits  between  the  large-celled  region  of  the  cartilage, 
and  the  subsequently  formed  contents  of  the  spaces  bounded  by  the  calcified 
trabecule,  are  very  sharply  defined  in  all  the  preparations  I  have  examined. 
I  have  never  been  able  to  discover  any  transitional  stages  between  the  large 
clear  cartilage  cells  and  the  dark  (joarsely  granular  cells  which  suddenly 
make  their  appearance.  Such  transitional  stages  might,  however,  be  ex- 
pected to  occur  frequently  if  the  cartilage  cells  constituted  mother  cells, 
giving  origin  to  those  of  the  medulla  by  fission.  However  high,  therefore, 
may  be  the  authorities  by  which  the  latter  view  is  supported,  I  must  still 
doubt  its  accuracy.  It  is  indeed  conceivable  that  processes  of  division  may 
here  occur  with  such  rapidity  as  to  be  concealed  from  the  eye  of  the  obser- 
ver, and  thus  lead  us  to  grant  the  development  of  the  medulla  from  the 
cartilage  cells,  as  a  convenient  theory,  though  unsupported  by  direct  obser- 
ntion.  We  are  certainly,  however,  not  compelled  to  admit  this  view,  since 
there  is  no  difficulty  in  supposing  the  medulla  to  shoot  into  the  cartilage 
from  the  same  surface  as  that  from  which  the  blood-vessels  emanate.  This 
last  view  is  especially  supported  by  the  circumstance  that,  as  we  shall  see, 
an  analogous  productive  activity  must  necessarily  be  attributed  to  the  me- 
dnlla,  and  will  hereafter  be  traced  in  it. 

The  productive  activitity  of  the  cartilage  cells  appears  to  me  to  cease  at 
the  limits  of  the  flat- celled  region.  The  large  vesicular  cells  which  extend 
from  this  point  to  the  plane  of  ossification  may  frequently  be  seen  where 
the  medulla  commences,  in  a  state  of  finely  granular  atrophy,  similar  to  that 
of  the  cartilage  matrix  itself,  so  that  only  the  remains  of  these  cells  are 
found  in  the  medulla. 

•  /:«;.««.,  p.  849. 
4  Loe.  at.,  p.  862. 
;  Journal  de  la  AnaUmde^  de  la  PhygMogie^  Tom.  i.,  p.  88. 
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The  view  here  given  at  length  must  not  be  confounded  with  the  state- 
ments made  by  Heiike,*  respecting  the  origin  of  the  Cartilage  elements  at 
the  plane  of  ossification,  according  to  which  even  the  vertical  rows  of  cells 
contained  in  the  medullary  spaces  are  formed  at  the  expense  of  blood-cor- 
puscles that  have  escaped  from  the  vessels. 

We  have  already  pointed  out  that  coincidently  with  the  change  that  occurs 
in  the  nature  of  the  material  occupying  the  interspaces  of  the  calcified  tra- 
becule a  differentiation  of  its  constituent  cells  may  be  observed  to  take  place 
into  an  outer  and  an  inner  layer. 

The  granular  cells  of  the  outer  layer  were  first  described  by  Qegenbaur,f 
who  applied  the  term  Osteoblasts  to  them,  whilst  he  considered  the  more 
transparent  internal  tissue  to  be  the  proper  medulla  in  an  early  stage  of 
development.  The  osteoblastic  layers  are  found  in  the  cavities  already  de- 
scribed (primary  medullary  spaces),  sometimes  forming  thin  and  sometimes 
thicker  layers,  interposed  between  the  remains  of  the  original  cartilage  on 
the  one  hand,  and  the  vascular  medulla  on  the  other. 

The  formation  of  the  osteoblastic  layer  constitutes  the  immediate  precursor 
of  true  osseous  tissue.  The  latter  occurs  in  the  walls  of  the  primary  medul- 
lary cavities,  at  some  distance  from  the  margin  of  the  cartilage,  and  when 
first  seen  constitutes  a  thin,  lustrous,  highly  refractive  lamella,  in  which  the 
peculiai'  stellate  form  of  the  bone  corpuscles  is  already  visible.  Wherever 
this  tissue  is  foimed,  osteoblasts  have  previously  been  deposited  in  layers, 
and  just  as  in  the  first  instance  the  remains  of  the  trabecuUa  of  the  calcified 
cartilage,  so  at  a  later  period  the  young  bony  tissue  deposited  on  the  surface 
of  these  is  again  covered  by  a  layer  of  osteoblasts  separating  it  from  the 
medulla. 

All  the  peculiarities  above  described,  with  the  above-mentioned  exception 
of  the  relation  of  the  cartilage  cells  to  the  medulla,  may  be  traced  with  per- 
fect accumcy. 

It  is  more  difficult  to  ascertain  the  relation  of  osteoblasts  to  newly  formed 
bone. 

Gegenbaur  supposes  the  osteoblasts  to  form  a  hardening  secretion,  in 
which  they  are  subsequently  themselves  enclosed,  appealing  in  the  foim  of 
the  stellate  bone  corpuscles.  Waldeyer  has  drawn  attention  to  the  difficulties 
of  this  explanation,  and  has  sought  to  show  that  the  osteoblasts  are  con- 
stantly converted  into  bone  in  a  lamellar  fashion,  whilst  new  layera  are  con- 
stantly being  differentiated  from  the  medulla.  In  undergoing  this  change 
the  osteoblasts  assume  a  smoother  and  more  homogeneous  appearance,  and, 
whilst  their  nuclei  break  down  and  vanish,  become  hardened  into  the  matiix 
of  bone ;  in  some  of  them,  however,  only  the  external  portions  undergo  this 
fusion  and  calcification,  the  inner  portion  with  the  nucleus  remaining  as  bone 
cells  enclosed  in  a  stellate  cavity.  The  latter  explanation  corresponds  with 
much  greater  exactness  than  the  former  to  the  facts  that  have  been  observed. 

Before  discussing  this  subject  further,  we  shall  now  proceed  to  show  that 
the  formation  of  bone  in  periosteal  tissue  and  in  investing  bones  occurs  under 
the  same  conditions  as  those  of  which  we  have  acquired  a  knowledge  when 
considering  intra-cartilaginous  ossification.  In  reference  to  the  latter  it  must 
still  be  remarked  that  although  the  exposition  given  above  has  been  especially 
deiived  from  the  examination  of  human  embryos,  it  has  also  been  observed 
in  allied  animals. 

In  describing  the  processes  taking  place  at  the  ossifying  surface  of  the 
diaphyses,  we  have  already  become  acquainted  with  those  which  determine 

*  ZeitsehriftfarratimeUe  Medidn,  8  R.,  Band  zviiL,  p.  61. 
t  Loo.  dt,  p.  860. 
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Fig.  25. 


the  increase  in  length  of  the  tubular  bones.  Their  increase  in  Hiichness  is 
dependent  upon  the  processes  we  are  now  about  to  describe.  Grew  *  and 
Havers  f  were  the  first  to  point  out  that  a  deposit  of  new  bone  takes  place 
upon  that  already  foi^med  from  the  periosteum,  but  it  was  the  researches  of 
Dn  Hamel  |  that  led  to  the  general  recognition  of  the  fact. 

In  the  development  of  the  tubular  bones,  the  process  of  periosteal  ossifi- 
cation may  even  precede  the  intra-cartilaginous.  In  such  cases  the  car- 
tilage, either  in  a  pure  state,  or  perforated  by  canals,  and  calcifie<l, 
and  in  the  preparatory  stage  of  inti-a-carbilaginous  ossification,  becomes 
enclosed  in  a  tube  of  osseous  tissue. §  In  certain  animals,  medullary 
substance  replaces  cartilage  in  the  middle  portion  of  the  bone ;  whilst 
in  other  animals,  and  also  towards  the  apophyses  of  the  bones  in  the 
former  instances,  a  few  intra-cartilaginous  bony  trabeculsB  are  developed, 
irhich  become  altered  to  the  periosteal  tube.  In  a  few  cases,  as  for  exam- 
ple in  sections  of  the  tubular  bones  of  the  extremities  of  the  adult  Proteus, 
we  find  an  osseous  tube  composed  of  a  few  periosteal  lamellse,  the  cavity  of 
which  is  filled  with  true  cartilage  that  has  undergone  calcification. 

An  easily  intelligible  diagram,  showing  intra-cartilagi- 
nous  and  periosteal  ossification  proceeding  together,  as 
occurs  in  the  formation  of  the  long  bones  of  the  higher 
vertebrata,  is  exhibited  in  the  adjoimng  figure  (fig.  25), 
by  H.  Meyer ;  ||  ah  c  indicate  the  bone  of  an  infant ;  a 
h  c  the  form  which  the  bone  of  the  adult  acquires  by 
intra-cartilaginous  growth,  whilst  its  increase  in  breadth 
results  from  the  periosteal  deposit  jo.  The  ossific  capa- 
city of  the  periosteum  causes  a  reproduction  of  bone  to 
occur  if  the  latter  be  resected  from  its  investing  perios- 
teum.^ Upon  this  circumstance  depend  the  osteo-plastic 
processes  that  have  been  observed  after  the  transplan- 
tation of  excised  portions  of  penosteum,  and  which  are 
especially  active  in  young  animals,  and  to  some,  though 
a  smaller  extent  in  adults.**  The  peculiar  histological 
processes  occurring  in  periosteal  ossification  have  been 
fully  discussed  by  Virchow,  and  more  recently  by  Gegen- 
baur,  Waldeyer,  and  Landois,  in  the  works  above  men- 
tioned«  The  processes  are  more  simple  in  animals  where 
successive  lamells  only  are  deposited,  but  more  compli- 
cated when  Haversian  canals  are  developed,  with  their 
concentric  systems  of  lamellse. 

We  shall  in  the  first  instance  discuss  the  processes 
which  occur  in  the  latter  case,  and  for  this  purpose  a 
transverse  section  carried  through  one  of  the  bones  of 
the  forearm  of  a  human  embryo  at  the  fifth  month,  in- 
vested with  its  periosteum,  may  be  advantageously 
studied  (fig.  26).  With  low  microscopic  powers  we  ob- 
tain from  this  the  very  instructive  appearance  which  is  diagrammatically 
represented  in   fig.   26.      The  diagrammatic  character  of  the  illustration, 


*  EnffiM  Academy,  1681. 

f  OtAeniogia,  etc.     Frankfurt  and  Leipzig,  1692. 

t  Mhnainm  dc  rAeadenUe  de  Paris,  1742,  p.  354  :  1743,  pp.  87,  111,  and  288. 

^  Doges.  Rathke,  Bruch,  Beichert,  H.  Miiller,  toe,  oit,  p.  193. 

(  MaUer's  ArMc,  1849,  p.  292. 

^  Heine,  Grafe  and  Walcher's  Journal^  1889,  p.  513,  and  many  recent  observers. 

•*  OUier,  JoxmuA  de  la  Phydchgie^  Tom.  ii.,  pp.  1  and  169. 
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however,  relates  only  to  the  tissue  elements  introduced  into  ifc ;   the  di- 
mensions of  the  several  layers  being  coiTectly  indicated. 

A  homogeneous  smooth  lamina  may  here  be  seen  in  the  first  place  consti- 
tuting the  outer  layer  of  the  periosteum,  consisting,  as  appears  from  its 
examination  with  high  powers,  of  decussating  fasciculi  of  connective  tissue 
divided  in  various  directions  in  the  section.  Between  the  fibrillas  fusiform 
cells  with  elongated  nuclei  are  distributed.  To  this  external  layer  of  the 
periosteum  succeeds  a  tolerably  broad  internal  layer  b  (Cambium),*  which 
with  low  powers  is  distinguished  by  its  containing  a  large  number  of  small 

Fig.  26. 


Fig.  26.  Transverse  section  throug^h  one  of  the  bones  of  the  forearm  of  a  human 
embryo,  at  the  fifth  month.     (Half  diagrammatio.) 

round  bodies  that  appear  to  be  imbedded  in  the  meshes  of  a  fine  plexus, 
and  confer  upon  it  a  granular  aspect.  If  we  examine  these  layers  *  sepa- 
rated from  one  another  under  high  powers,  and  combine  therewith  the 
results  obtained  from  the  investigation  of  preparations  teased  and  pencilled 
out,  we  shall  observe  in  the  first  place  that  the  granular  appeai-ance  de- 
pends upon  the  presence  of  small  roundish  nucleated  cells.  The  cells  give 
off  a  variable  number  of  fine  processes  from  their  periphery,  which  join 
the  reticulum ;  the  latter  possesses  a  structure  which  it  is  difficult  to 
unravel,  for  we  do  not  find  in  it  the  well-developed  stellate  cells  present  in 
the  reticulum  of  the  lymphatic  glands,  but  flattened  cells  that  are  finely 
granular  in  the  portion  lying  next  to  the  nucleus,  and  at  various  points, 
but  frequently  only  at  the  two  opposite  poles,  give  oflT  long  homogeneous 
processes.  In  veiy  many  instances  the  isolated  cells  become  continuous 
at  their  periphery  with  a  fine  trabecular  trellis-work  of  wing-like  form  con- 
nected with  other  fine  and  smooth  trabeculae  ti'aversing  the  reticulum. 
On  the  internal  surface  of  the  second  layer  of  the  periosteum  which  we 


*  Billroth,  ArchivfuT  kUmschs  Chirurgky  Band  vi.,  p.  728. 
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have  just  described,  there  follows  a  third  layer  c,  which  contains  large 
granular  cells  exactly  comparable  to  the  above-mentioned  osteoblasts,  and 
fonns  an  epithelial  covering  continuous  with  the  periosteal  investment  of 
the  bony  trabeculse.  By  teasing  out  the  specimen  with  needles,  it  may  be 
demonstrated  that  the  apparently  spherical  cells  are  here  also  provided  with  _ 
unmeroiis  fine  homogeneous  processes,  which  on  the  one  hand  penetrate  into 
the  already  described  reticulum,  or  on  the  other  hand  extend  to  the  surface 
of  the  bone,  into  the  substance  of  which  they  pajis  without  interruption. 

The  cellular  investment  of  the  osseous  trabeculsd  is,  however,  not  continu- 
ous, since  between  the  separate  granular  osteoblasts  the  somewhat  expanded 
processes  of  the  before^mentioned  reticulum  penetrate  and  proceed  directly 
to  the  surfiace  of  the  bone,  into  the  matrix  of  which  they  pass  without 
apparent  interruption.  In  correspondence  with  the  larger  size  of^e  osteo- 
blasts, the  meshes  of  the  reticulum  of  bone  are  likewise  enlai^ed. 

Sncii  are  the  appearances  presented  by  a  transverse  section  in  which  fully 
formed  bone,  layers  of  osteoblasts,  and  small-celled  and  fibrillar  peiiosteal 
iajers  immediately  succeed  one  another  in  parallel  series. 

This,  however,  can  be  observed  only  in  a  few  places.  The  external  form 
of  the  transverse  section  shown  in  fig.  26  is  conformed  to  the  shape  of  the 
external  and  internal  limits  of  the  fibrillar  portions  of  the  periosteum.  The 
internal  surfiice  of  the  bone  everywhere  invested  with  osteoblasts  is,  on  the 
other  hand,  irregularly  bulged  and  dentated,  whilst  the  ai'cuate  boundaries 
of  the  cavities  occurring  in  the  bone  project  towards  the  periosteum.  From 
the  arches  of  the  completely  developed  bone  other  arches  spring,  which,  ex- 
dnsively  composed  of  osteoblasts,  are  directly  continuous  with  the  osteoblasts 
inrestuig  the  bony  trabeculse.  The  last-named  arches  are  either  entirely 
closed  externally,  forming  completely  differentiated  rings  of  osteoblasts,  or 
ve  may  observe  two  arched  processes  inclined  to  one  another,  constituting 
the  commencement  of  a  future  ring.  These  incomplete  arches  then  enclose  a 
part  of  the  alxready  described  small-celled  second  layer  of  the  periosteum, 
the  enclosed  and  the  unenclosed  portions  being  continuous  through  the  ori- 
fice left  in  the  crown  of  the  arch,  and  in  the  first  instance  presenting  identical 
dttracters.  We  have  thus  acquired  a  knowledge  of  the  first  formation  of 
the  Haversian  system  and  canals,  as  well  as  of  the  medulla  piimarily  con- 
tabed  in  the  latter.  In  passing  from  without  inwards  we  may  recognize 
iii  stages  of  transition  from  the  first  formation  of  the  projecting  osteoblastic 
vchea,  and  from  the  first  incomplete  arches  projecting  from  the  bone,  and 
dosed  only  by  an  osteoblastic  layer,  to  the  completely  closed  lamell»  of 
^ione.  All  these  newly  formed  rings  and  arches  of  bone  ara  invested  on 
^heir  inner  surface  with  osteoblasts,  and  upon  their  external  surface  also, 
t^ecmUj  where  they  are  in  contact  ¥dth  the  periosteiun.  The  tissue  en- 
^o%td  by  the  newly  formed  bony  arches  soon  becomes  more  transparent, 
highly  vascular,  and  then  contains  small  roundish  cells  which  appear  granu- 
W«  together  with  others  that  are  more  transparent,  elongated,  and  fu^orm, 
resembling  those  which  are  met  with  in  young  connective  tissue.  In  the 
node  illustrated  by  the  example  we  have  adduced,  the  pi*ocess  of  formation 
nay  be  followed  in  the  later  stages  of  development,  during  the  period  of 
'Bcrease  of  the  bone  in  thickness. 

Since  the  great  medullary  cavity  occurs  as  a  secondary  formation  in  the 
tnWar  bones,  in  consequence  of  a  great  part  of  the  bone  developed  by 
iBtra-cartilaginous  ossification  having  undergone  re-absorption,  we  find  in 
•*ilt  bones  that  the  medullary  cavity  in  the  middle  portion  of  the  shaft  is 
^woided  for  the  most  part  only  by  the  intercalated  or  Haversian  systems  of 
hone  which  have  been  formed  by  periosteal  osteogenesis. 
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As  in  th^  intrarcartilaginouB  mode  of  ossification,  so  also  in  the  peiioeteal 
form,  a  continuous  layer  of  osteoblasts  may  be  observed  to  constitute  the 
immediate  precursor  of  the  formation  of  the  osseous  tissue. 
.  It  still  remains  to  be  noticed,  that,  in  ti-ansverse  sections  made  as  before, 
strong  fibrous  bands  may  be  followed,  pursuing  a  radiating  course  through 
all  the  layers  of  the  periosteum,  from  the  exterior  to  the  bony  trabeculae ; 
these  are  continuous  with  the  fasciculi  of  the  outer  layers  of  the  periosteum, 
appear  to  be  quite  independent  of  the  rings  and  arches  of  osteoblasts,  and 
are  to  be  regarded  as  the  earliest  condition  of  the  perforating  fibres  of 
Sharpey. 

If  we  examine  the  longitudinal  section  of  one  of  the  long  bones  of  an 
aborted  embryo  or  very  young  child,  in  the  same  way  that  we  have  already 
examined  the  transverse  section,  we  shall  see  stretching  over  spaces  of  con- 
siderable extent  in  the  periosteum,  near  the  surface  of  the  bone  and  im- 
bedded in  the  small-<;elled  layer  of  the  periosteum,  a  layer  of  well-defined 
osteoblasts,  an'anged  longitudinally  in  a  striated  manner,  in  which  the  pro- 
cesses that  take  place  ai'e  less  distinctly  visible  than  in  titmsverse  sections, 
and,  indeed,  become  intelligible  only  by  comparison  with  the  latter.  The 
appearances  presented  by  such  longitudinal  sections  are,  however,  very  simi- 
lar to  those  which  are  obtained  from  the  early  stages  of  development  of 
the  so-called  investing  bones. 

The  ossification  of  the  investing  bones,  the  so-called  intrormembranaus  ossi- 
fication was  first  distinguished  from  the  intrsrcartilaginous  by  Nesbitt^*  and 
subsequently  by  Sluirpey.f  The  description  of  intra-membranous  ossification 
given  by  Sharpey  was  substantiated  by  Kolliker,  and  in  consequence  ob- 
tained general  acceptance.  The  finer  details  of  this  mode  of  ossification 
may  be  found  in  the  recent  observations  published  by  Lieberkuhn|  and 
Waldeyer.§ 

The  expanded  portion  of  the  occipital  bone,  the  parietal  and  frontal  bones, 
the  squamous  portion  of  the  temporal  bones,  the  ossa  Wormiana,  and  the 
facial  bones  are  all  developed  in  membrane.  The  clavicle  was  included  in 
the  number  of  these  bones  by  Nesbitt  and  Bruch,  but  incorrectly,  as  was 
shown  by  H.  Miiller  I  and  Gegenbaur.^  The  development  of  those  bones 
which  are  not  formed  in  cartilage  proceeds,  however,  like  them,  from  one  or 
from  a  limited  number  of  points.  The  tissue  in  which  these  bones  originate 
exhibits  a  great  similarity  to  that  which  has  been  already  described  as  the 
second  layer  of  the  periosteum,  or  as  constituting  the  yoimg  medulla  within 
the  rings  of  well-defined  osteoblasts.  In  this  tissue  there  first  appear  at  the 
points  from  which  the  ossification  commences,  small  thin  trabecul»,  which 
unite  in  a  plexiform  manner,  and  this  differentiation  of  tissue  progressively 
extends  in  a  radiating  direction.  The  spaces  enclosed  by  the  anastomosing 
trabeculs  are  wider  towards  the  periphery  than  at  the  point  from  whence 
the  ossification  commenced.  Towards  the  periphery  the  trabeculse  are  also 
thinner,  and  form  finely  pointed  and  radially  directed  processes,  and  after 
assuming  this  arrangement  become  calcified  and  converted  into  bone.  If 
we  examine  such  trabecular  before  they  have  undergone  ossification,  it  will 
be  seen  that  they  consist  of  numerous  cells,  elongated  in  accordance  with  the 
long  axis  of  the  trabeculss.     These  cells  appear  strongly  granular  in  their 

*  Osteogeny^  eta ,  translated  by  J.  0.  Greding.     Altenbozg,  1753. 

JQuain^s  AiuUamy^  by  Quain  and  Sharpey,  fifth  edition. 
Reichert  and  Du  BoIb'  Arofdv,  1864,  p.  (}10. 
§  Loc.  dt.,  p.  368. 

%  Jenaiaohe  Zeitwhrift,  1864,  p.  1. 
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thicker  median  portion,  and  contain  a  round  nucleus.  They  resemble  the 
(wteoblasts  found  elsewhere,  but  ai*e  elongated  to  a  still  greater  extent  in  one 
of  their  axes.  Between  these  cells  with  their  interlacing  processes,  fibres 
extend,  either  singly  or  in  small  bundles,  in  association  with  which  the  pro- 
cesses of  these  cells  run,  so  that  the  several  trabeculse  present  collectively 
the  appearance  of  connective  tissue  at  a  certain  stage  of  its  development. 
At  a  period  immediately  succeeding  tne  formation  of  this  tibro-cellular  ma- 
terial constituting  the  rudiment  of  the  secondary  bones,  we  may  trace  in  the 

Fig.  27. 


Fig.  27.  Bone  trabecnlad  with  osteoblastic  layer,  from  the  parietal  bone  of  a  human 
embiyo,  at  the  fifth  mouth. 

iDost  beautiful  manner,  in  preparations  which  have  been  teased  out,  how  the 
whole  de^iosit  calcifies  and  acquires  the  character  of  osseous  tissue.  Each 
newly  formed  trabecula  of  bone  is  invested  on  its  surface  with  a  layer  of 
osteoblasts,  and  in  propoition  to  the  increasing  thickness  of  the  trabeculse 
the  investing  layers  of  osteoblasts  assume  the  character  of  an  epithelial  layer 
(fig.  27),  as  it  presents  itself  in  the  primaiy  medullary  spaces  of  the  long 
booes,  or  in  the  material  in  which  the  Haversian  canals  are  about  to  form. 
The  trabecula)  of  a  secondary  bone,  proceeding  from  different  centres  of  ossi- 
fication, unite  with  one  another  at  a  later  period.  They  form  broail  trans- 
verse trabeculse,  parallel  to  the  surface  of  the  bone  on  which  new  layers  are 
deposited,  causing  the  bone  to  become  thickened,  as  in  the  periosteal  in- 
crease of  bones  developed  from  cartilage. 

When  we  thus  follow  the  three  above-named  modes  of  development  of 
osseous  tissue,  it  is  seen  that  we  meet  only  with  variations  that  gradually 
Jrttts  into  one  another. 

In  the  case  of  intra-cartilaginous  ossification,  the  substitution  from  the 
fint  of  a  new  tissue  for  the  cartilage  which  subsequently  calcifies,  removes 
the  difficulty  of  explaining  the  molecular  difference  between  the  matiix  of 
cartilage  and  the  organic  matrix  of  bone  which  was  formerly  experienced, 
when  the  impregnation  of  cartilage  with  salts  of  lime  was  regarded  as  the 
ttsential  condition  of  the  ossifying  process. 

There  further  occurs  a  complete  agreement  between  the  origin  of  the  first 
nidiments  of  tnie  bone  and  the  primaiy  layers  by  which  growth  is  effected. 
8 


Digitized  by 


Google 


114:  THK   CONNECTIVE   TISSUES. 

In  reference  to  the  latter,  it  is  found  that  they  only  partially  succeed  one 
another  in  a  centrifugal  direction,  leading  to  a  change  of  form  in  the  bone, 
whilst  they  are  chiefly  supenmposed  centripetally  towards  the  cavities  which 
were  bounded  by  the  first  deposits,  leading  probably  in  all  instances  to  a 
relative  increase  or  diminution  of  the  sclerosed  as  well  as  of  the  soft  parts 
contained  in  a  given  area.  We  do  not  possess  any  macroscopic  observations 
which  tend  to  the  supposition  that,  in  bone  once  formed,  gi'owth  may  occur 
by  intus-susception.  The  microscopic  observations  instituted  in  reference  to 
this  point  are  open  to  various  interpretations,  and  we  shall  only  remark  here 
that  objections  have  been  recently  raised  against  the  well-known  experiment 
of  Hunter,  negativing  an  interstitial  increase  of  bone,  because  two  orifices 
made  in  the  shaft  of  the  long  bone  of  a  young  animal  did  not  retreat  from 
one  another. 

We  have  seen  in  our  microscopic  investigations  how  intricate  the  relations 
arc  in  regard  to  centrifugal  and  centripetal  deposition  of  new  bone,  and  how 
the  formerly  described  periosteal  development  of  the  complex  long  bones,  in 
which  the  greater  part  of  the  intercalated  and  investing  lamellsB  and  the 
most  external  Haversian  lamellie  originate  apparently  by  centrifugal  deposi- 
tion, whilst  the  internal  Haversian  lamellte  originate  in  centripetal  deposit. 

If  sections  are  made  of  growing  bones  decalcified  with  chromic  acid,  or  if 
bone  be  macerated  in  Miiller's  fluid,  which  however  does  not  facilitate  their 
section,  and  are  then  rubbed  down  with  this  fluid  and  treated  with  carmine, 
the  osteoblastic  layers  and  the  immediately  adjacent  youngest  layer  of  bone 
acquire  an  intensely  red  color,  whilst  the  remainder  of  the  osseous  tissue, 
with  the  exception  of  the  bone  corpuscles,  remains  uncolored.  We  thus 
obtain  specimens  very  similar  to  those  made  from  the  bones  of  animals  fed 
for  a  short  time  with  madder,  which  have  been  described  and  depicted  by 
Tomes  and  Hassall.* 

It  is  well  known  that  it  has  been  sought  to  draw  some  definite  conclusions 
respecting  the  process  of  absorption  and  regenei-ation  of  bone,  from  the 
observation  of  the  laminated  coloration  of  the  osseous  tissue  occurring  after 
the  use  of  madder,  on  the  ground  that  such  colored  parts  represent  the  most 
recently  formed  layers. 

It  is  well  worthy  of  notice  that  the  experiments  with  madder  first  insti- 
tuted by  Du  Hamel,t  and  repeated  at  a  later  period  by  Flouren8,J  at  a  time 
when  very  little  was  known  respecting  the  histological  process  of  ossification, 
and  which  were  certainly  unjustly  brought  into  discredit  by  Gibson, §  have 
again  been  recently  taken  up  by  Lieberk^hn.  The  above-mentioned  analogies, 
and  the  more  delicate  histological  relations  occurring  in  the  formation  and 
resorption  of  osseous  tissue,  still  i-equire  to  be  subjected  to  a  systematic  inves- 
tigation. 

Contents  op  the  Bone  Cavities. 

The  medulla  which  occupies  the  central  cavity,  and  the  large  medullary 
spaces  especially  found  in  the  fully  developed  long  bones,  is  composed  of  a 
delicate  connective  tissue  traversed  by  vessels,  and  containing  numerous  fat 
cells,  to  which  last  its  yellow  color  is  due  (yellow  medulla).  This  fatty 
medulla  cannot  in  any  way  be  compared  with  the  above-described  young 

♦  LfK.  cit,  plate  80,  fig.  6. 

t  Menwires  de  VAcadkniede  Paris,  1742,  p.  854  ;  1743,  p.  138.  . 

X  Annaies  des  Sciences  NatureSes,  serie,  2,  ziii ,  p.  103. 

§  Meckers  Arc^tiv,  Band  iv.,  p.  482. 
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medulla  of  bones  in  process  of  formation ;  it  represents  a  stage  of  develop- 
ment of  the  former  which  has  progressed  in  another  direction,  and  no 
osteogenic  activity  can  be  attributed  to  it. 

The  medullary  spaces  of  the  spongy  substance,  on  the  other  hand,  contain 
a  reddish  mass  traversed  by  numerous  blood-vessels  (red  marrow),  and 
presenting,  with  but  few  fat  cells,  a  large  number  of  granular  cells  similar 
to  those  that  are  found  in  the  embryonic  medulla.  Amoeboid  movements 
occur  in  the  cells  of  the  bone  medulla  analogous  to  those  seen  in  the  colorless 
blood  cells ;  * "  in  the  latter  localities  the  large  many-nucleated  masses  of  proto- 
plasm are  found  described  by  Robin  f  under  the  name  of  Myeloplaxes,  and 
which  are  most  abundant  in  the  external  layers  of  the  medullary  masses 
occupying  the  bone  cavities.  Bredichin  J  is  of  opinion  that  the  colossal 
cells  (Myeloplaxes)  proceed  from  the  bone  tissue  itself,  i.  e.,  from  the  bone 
cells  with  coincident  absorption  of  the  matrix,  and  that  this  conversion  is 
continuous  with  the  formation  of  medullary  canals  during  the  growth  of  the 
bone.  As  the  different  sized  medullary  spaces  of  the  bone  are  continuous 
with  one  another,  so  do  also  the  yellow  and  red  medullae  gradually  pass  into 
«me  another.  In  the  skeleton  of  birds  many  bone  cavities  morphologically 
comparable  with  the  medullary  cavity  of  other  animals  are  filled  with  air 
instead  of  medulla. 

*  Blzaoaeio.  Royida,  Wiener  SiUungtberichte^  Bandlvi.,  p.  608;  and  Centraibiatt 
fir  die  medidn.  WisBenechaften,  1868,  p.  215. 

t  Journal  de  VAnatomie  etdela  Phywihgie,  18G4,  p.  88,  plates  1,  2,  and  3. 

*  VentralbUUt  far  die  median,  Wissenechaften^  1807,  p.  503,  provisional  communi- 
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CHAPTER  III. 

THE   GENERAL   CHARACTERS   OF  THE   STRUCTURES   COMPOSIXa   THE 
NERVOUS    SYSTEM. 

bt  max  schultze. 

The  structural  elements  of  the  nervous  system,  speaking  generally,  are  of 
tliree  kinds.  To  the  conduction  of  nervous  influence  the  nerve  fibres  are 
subservient,  which  not  only  compose  the  nerve  trunks,  but  also  constitute 
an  essential  part  of  the  substance  of  the  central  organs.  At  the  peripheric 
extremities  of  the  majority  of  these  fibres  peculiar  terminal  organs  are 
found,  representing  the  second  structural  element  of  the  nervous  system ; 
whilst  the  thii'd  is  formed  by  the  peculiar  structures  situated  at  the  origin 
of  each  fibre  in  the  nerve  centres.  These  are  the  ganglion  cells.  Our  sub- 
ject therefore  is  naturally  divided  into  a  consideration  of 

1.  The  nerve  fibres. 

2.  The  peripheiic  terminal  organs  of  the  nerves. 

3.  The  centric  organs  of  the  nerve  fibres. 

The  Nerve  Fibres. 

The  nerve  fibres  form  the  chief  constituents  of  all  nerve  trunks,  in  which 
they  are  mingled  with  connective  tissue  and  blood-vessels ;  they  also  enter 
largely  into  the  composition  of  the  central  organs,  forming  not  only  the 
whole  of  the  white  substance,  but  constituting  a  considerable  portion  of  the 
gi-ay  matter.  They  are  in  pai-t  very  simple,  but  in  part  also  very  complex 
structures,  and  there  are  consequently  several  varieties  of  them.  The 
primitive  nerve  fibrils  present  the  simplest  form.  These  are  the  very  fine 
threads  which  lie  on  the  extreme  verge  of  microscopic  mensuration,  and  are 
only  rendered  visible  with  powers  of  eflfecting  an  apparent  enlargement  of 
from  nOO  to  800  linear.  They  are  moderately  frequent  in  the  central  organs 
and  in  the  neighborhood  of  the  peripheric  terminations.  In  such  fibres  as 
these  no  internal  structure  can  be  detected  by  the  microscope.  Their  ner- 
vous nature  is,  however,  placed  beyond  the  possibility  of  question  by  their 
connection  with  ganglionic  cells,  and  by  the  evidence  of  their  issuing  from 
thicker  nerve  fibres.  When  fresh,  it  is  very  difiicult  to  isolate  them,  but 
this  may  readily  be  eflfected  in  preparations  that  have  been  carefully  hard- 
ened. On  treating  the  fibrils  with  watery  solutions  of  diflferent  salts  in  cer- 
tain degrees  of  concentration,  and  with  solutions  of  chromic  and  peros- 
mic  acids,  besides  being  hardened,  they  undergo  during  the  first  few  hours 
a  process  of  partial  imbibition,  occasioning  the  appearance  of  varicose  en- 
largements, having  a  more  or  less  regular  fusiform  shape,  and  these  subse- 
quently, by  further  imbibition,  increase  in  size  and  number  until  at  length 
the  fibre  becomes  unrecognizable  and  disappears. 

A  second  kind  of  fibre  very  commonly  met  with  in  the  central  organs,  is 
distinguished  from  the  foregoing  by  its  greater  thickness.  Such  fibi-es  are 
very  delicate,  transparent,  and  perishable,  of  albuminous  composition,  and 
only  isolable  for  short  tracts.  Their  diameter  is  very  various,  amounting 
only  to  a  few  micromillimetres.     Speaking  generally,  they  ai^e  the  fibres 
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which  have  been  termed  naked  axis  cylinders.  The  thicker  they  are  the 
more  easy  is  it  to  distinguish  their  internal  structure.  This  presents  a 
more  or  less  well-marked  longitudinal  striation,  resulting  from  a  fibrous  dif- 
ferentiation of  the  substance  of  the  fibre,  and  from  the  presence  in  all  proba- 
bility of  an  interfibrillar  finely  granular  material.  It  is  most  easy  to  dis- 
cern that  they  are  composed  of  fibrils  in  the  thick-branched  processes  of  the 
Urgp  centric  ganglion  cells,  which  Deitei-s  proposed  to  call  protoplasmic  pro- 
ct$»tM^  a  name  for  which  I  substituted  the  term  ramifying  jorocesaes,*  More- 
Fig.  28. 


Pig.  28.  Primitive  nerve  fibrils,  a,  from  the  nervous  fibre  layer  of  the  retina ;  b^ 
from  the  external  granule  layer  of  the  retina,  showing  at  a;  a  larger  varicosity, 
resulting  from  imbibition  |  c^  from  the  olfactory  groove  of  the  Pike,  showing  a 
thick  nerve  fibre  enclosed  m  a  sheath,  breaking  up  into  fibrillss. 

over,  the  axis-cylinder  processes  even  of  these  ganglion  cells  and  other  fibres 
of  the  central  organs  of  the  nervous  system  usually  regarded  as  naked  cylin- 
ders, and  believed  to  run  for  considerable  distances  without  branching,  often 
present  a  distinctly  fibrillar  structure.  Their  fibrillar  character  is  most  dis- 
tinctly visible  at  their  origin  from  the  ganglion  cells,  as  shown  in  fig.  29  (at 
X  x).  I  have  applied  the  term  "  primitive-fibril  bundles,  or  fasciculi,"  to  this 
second  kind  of  fibre. 

Both  kinds  of  fibres,  the  primitive  fibrils  and  the  fibrillar  fasciculi,  may 
become  invested  with  a  medullary  sheath,  as  in  the  adjoining  figure  (at  a), 
and  thus  become  converted  into  a  third  form  of  nerve  fibre,  the  meduUated, 
The  medullated  fibres  therefore  consist  essentially  of  two  constituents,  a 
cortex  or  sheath  of  medullary  nerve  substance,  and  an  axial  fibre  or  axis 

•  See  Deitera*  Re$€arcihe8  on  th^  Brain  and  Spinai  Cardj  Brunswick,  1805 ;  and  my 
Preface  to  bia  Book,  pp.  xv.-rvii 
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cylinder,  which  is  either  a  primitive  fibre  or  a  bundle  of  fibrillflB.  The 
medullary  sheath  forms  a  more  or  less  thick  investment  around  the  axis 
cylinder,  and  consists  of  an  oily  substance  containing  protagon,  and  capable 
~^~^  of  powerfully  refracting  light.  It  gives  to 
the  nerves  their  characteristic  dark  strongly 
defined  borders.  Considering  the  great  deli- 
cacy of  the  axis  cylinder,  and  the  perfectly 
fluid  nature  of  the  medullary  sheath,  the 
consistence  of  these  medullated  fibres  can- 
not, it  is  obvious,  be  very  great.  In  point 
of  fact,  the  difficulty  of  isolating  the  medul- 
lated fibre  of  the  nerve  centres  is  quite 
as  great  as  in  the  case  of  the  naked  axis 
cylinder.  The  isolation  of  unaltered  fresh 
medullated  fibres,  obtained  from  the  gray 
and  white  substance  of  the  brain  and  spinal 
cord,  can  only  be  accomplished  for  short 
distances.  The  fibres  break  up  into  short 
pieces  as  soon  as  the  preparation  needles 
are  used,  partly  in  consequence  of  pressure 
and  tearing,  but  partly  also  from  the  imbi- 
bition of  fluid.  EveA  when  the  more  in- 
diflerent  liquids  are  employed,  these  frag- 
ments of  fibres  rapidly  undergo  i*emarkable 
changes  of  form,  developing  knots  and  swell- 
ings on  their  surface  (see  fig.  31),  and  some- 
times regular  moniliform  enlargements, 
though  for  the  most  pai-t  such  enlargements 
appear  only  as  irregular  varicosities,  giving 
a  very  characteristic  appearance  to  the  fibre. 
After  a  short  time  numerous  spherical  and 
short  cylindrical  curved  masses  separate 
from  the  medullary  investment,  or  from 
the  whole  soft  fibre,  and  swim  freely  in  the 
liquid  in  which  the  preparation  is  con- 
temied,  constituting  the  so-called  myelin 
drops  (b). 

The  medullary  sheath,  especially  where  it 
surrounds  the  axis  cylinder,  as  a  somewhlit 
thicker  layer,  changes  after  death,  by  what 
may  be  termed  a  kind  of  coagulation,  into 
a  granular  semi-transparent  mass.  The 
changes  proceed  from  without  inwards, 
aflecting  the  homogeneity  of  the  mass,  and 
altering  the  originally  transparent  highly 
refi-active  fibre  in  a  very  peculiar  manner  (see  fig.  32  d).  The  change 
is  accelerated  by  the  addition  of  water,  whilst  it  is  delayed  for  many  hours 
by  immersion  in  solution  of  iodine  in  serum.  The  addition  of  a  solution 
of  perosmic  acid  hinders  the  coagulation  of  the  medullary  substance  of  the 
nerves  iu  a  similar  manner,  and  moreover  colors  it  of  an  inky  black. 

The  medullated  fibres  of  the  nerve  centres  are  imbedded  in  an  extremely- 
delicate  tenacious  spongy  connective  substance,  the  peculiar  consistence  of 
which  preserves  tiie  fibres  from  injury  notwithstanding  their  softness,  and 
the  absence  of  any  proper  investing  sheath. 
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The  medullated  fibres  of  the  peripheric  nerves,  on  the  other  hand,  with 
the  exception,  {>erhaps,  of  those  belonging  to  the  optic  and  acoustic  nerves, 
each  possess  in  addition,  and  external  to  their  medullary  sheath,  a  special 
iovesUnent  of  connective  tissue,  constituting  the  so-called  sheath  of  Schwann. 
This  is  either  a  structureless,  perfectly  transparent,  delicate  membrane, 
agreeing  in  its  consistence  and  chemical  constitution  with  the  sarcolemna  of 
mnscular  fibre,  or  consists  of  several  layers  of  fibrillar  connective  tissue, 
and  as  iu  thin  presents  nuclei  scattered  through  its  substance.  If  the  mem- 
brane be  very  thin,  the  appearance  of  the  medullated  fibres  is  not  materially 
altered  by  its  presence.  The  refractive  external  border  of  the  medullary 
sheatn  entirely  pi-e vents  the  extremely  thin  feebly  refi-acting  sheath  of 


Fig.  31. 


Fig.  82. 


Fig:  31.  Medullated  nerve  fibres  desti- 
tute of  the  sheath  of  Schwann,  recently 
remoTed  from  the  fresh  spinal  cord,  a, 
two  uialtered  fibres;  b  b  b,  fibres  in 
vtnch  the  medullary  Bub«tanoe  is  swollen 
up  by  imbibition  into  irregular  drops  upon 
the  surface ;  b',  a  detached  drop  of  the 
■ame  nature  (a  so-called  myelin  drop) ;  c, 
ixia  cylinder  projecting  from  the  medul- 
Iny  sheath. 

Schwann  from  being  seen.  But  the  resistance  and  firmness  of  the  several 
nerve  fibres  are  extraordinarily  augmented  by  it,  and  the  facility  with 
which  long  portions  of  the  fibres  may  be  isolated  in  the  peripheric  nerves 
depends  essentially  on  its  presence.     It  prevents  also  the  occurrence  of  the 


Fig.  32.  Medullated  nerve  fibre  invested 
by  Schwann's  sheath,  quite  fresh,  a, 
with  a  nucleus  in  the  sheath  at  x;  d,  a 
very  broad  fibre ;  c,  two  very  delicate  and 
closely  approximated  fibres ;  d^  a  fibre  so 
changed  by  manipulation  that  it  exhibits 
the  so-called  coagidation  contours. 

From  the  lumbar  plexus  of  a  Frog. 
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phenomena  due  to  imbibition  of  fluids  by  the  m  duUarj  portion  of  the 
nerves,  as  well  as  the  formation  of  vai-icosities  which  ai-e  so  characteristic 
of  the  medullated  fibres  of  the  nervous  centres  (fig.  31).  Tlie  extraordinaiy 
differences  in  appearance  and  consistence  exhibited  by  fibres  of  equal  size, 
and  similarly  composed  of  axis  cylinder  and  medullary  sheath,  but  belong- 
ing respectively  to  the  central  and  peripheric  portions  of  the  nervous  system, 
are  essentially  referable  to  the  presence  or  absence  of  this  sheath  of  Schwann. 
In  some  instances  the  sheath  is  sufficiently  thick  to  admit  of  measurement, 
as,  for  example,  in  the  solitary  nerve  fibres  that  run  in  *he  mesentery  of  the 
frog,  or  in  the  electrical  organs  of  the  torpedo,  where  it  attains  a  still  greater 
thickness ;  *  or  it  may  even  consist  of  a  series  of  interlacing  tubes,  as  in  the 
nerves  supplying  the  electrical  organ  of  the  electrical  eel  (Malapterums), 
which  are  as  thick  as  a  knitting-needle,  and  still  contain  only  a  single 
medullated  primitive  nerve  fibre.f  In  these  instances  the  nuclei  in  the 
sheath  are  also  much  more  distinct.  If  the  sheath  be  very  thin,  it  only  be- 
comes visiblft  in  the  fresh  state  projecting  for  a  short  distance  beyond  the 
torn  extremity  of  the  fibres*  Destruction  and  removal  of  the  nerve 
medulla,  in  consequence  of  putrefaction  or  the  action  of  reagents  (conc«*n- 
trated  acids,  alcohol,  and  ether,  which  last  dissolves  the  fat  of  the  medullary 
Khesth),  ai*e  in  such  cases  the  only  means  by  which  the  sheath  of  Schwann 
can  be  more  distinctly  demonstrated. 

Just  as  a  delicate  sheath  of  Schwann,  investing  the  medullary  portion  of 
the  nerve,  is  scarcely  perceptible  in  the  fresh  state  of  the  nerve,  so  is  it  'with 
great  difficulty  that  an  axis  cylinder  can  be  distinguished  within  the  fi-esh 
medullary  sheath.  The  bright  lines  which  limit  externally  the  highly  refrac- 
tive substance  of  the  latter  material,  and  the  scroll-like  contour  lines  which 
are  occasioned  by  the  gradually  progressing  coagulation  of  the  nerve  medulla, 
usually  prevent  the  difference  in  the  refi-active  power  between  the  axis 
cylinder  and  the  medulla  fi*om  being  observed.  On  the  other  hand  it  is  easy 
to  isolate  the  axis  cylinder,  at  all  events  for  short  distances,  in  the  medul- 
lated fibres  of  the  central  organs,  when  the  sheath  of  Schwann  is  deficient ; 
and  it  may  thus  be  demonstrated  from  an  examination  of  perfectly  fresh 
specimens  that  in  thick  medullated  fibres  it  is  thick ;  in  thin  fibres,  thin ; 
a{)pearing  in  the  form  of  a  pale  fibre  with  the  peculiarities  above  described. 
Moreover,  it  is  possible  in  the  perfectly  fresh  thick  medullated  fibres  of  the 
central  organs  to  recognize  distinctly  the  axis  cylinder,  with  its  fibrillar  and 
finely  granular  structure,  within  tlie  nieduUary  sheath^  as  is  shown  in  fig.  33, 
taken  from  a  fibre  from  a  brain  of  the  torpedo.  On  this  ground  I  regard 
the  last  possible  doubt  concerning  the  formerly  frequently  contested  pre-ex- 
istence  of  the  axis  cylinder  as  entirely  set  aside. 

The  isolation  of  the  axis  cylinder  is  remarkably  facilitated  by  the  previ- 
ous application  of  fluids  which  gradually  harden  albuminous  substances, 
such  as  dilute  solutions  of  chromic  acid,  bichromate  of  potash,  corrosive 
sublimate,  and  others.  If  these  are  allowed  to  act  when  in  a  moderate 
state  of  concentration,  they  harden  the  axis  cylinder  without  any  consid- 
erable troubling  or  granular  coagulation,  whilst  the  medullary  sheath  be- 
comes crumbled  and  friable.  In  specimens  of  such  medullated  nerve 
fibres,  as,  for  example,  in  those  from  the  columns  of  the  spinal  cord,  the 
axis  cylindei's  may  be  either   partially   or  completely  isolated    from   the 


*  See  Rud.  Wagner,  TTeber  d.  fein.  Ban  des  Elect.  Organes  im  Zitterrocheny  1847, 
fig.  3,  b,  and  woodcut  35  in  this  work. 

f  Bilhaiz,  Das  Ekkt.  Organ  des  Zittentdse^,  p.  21. 
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medullated  sheath,  for  long  tracts,  with  extreme  ease;  whilst  the  peri- 
pheric nerves,  on  account  of  the  resistant  sheath  ol  Schwann,  furnish  prepara- 
tions of  less  excellence.  In  order  to  see  the  axis  cylinder  in  sitUy  fine  trans- 
verse sections  should  be  made  through  a  carefully  hardened 
spinal  cord  or  nerve,  and  this  should  then  be  tinted  in  the 
ordinary  method  with  calamine.  The  axis  cylinder  will 
now  be  found  to  be  stained  red,  whilst  the  medullary 
sheath  remains  uncolored.  The  unavoidable  shrinking  of 
the  soft  watery  axis  cylinder,  which  occurs  when  the  pre- 
paration has  been  kept  in  alcohol,  causes  transverse  sec- 
,  tions  of  the  reddened  axis  cylinder  to  present  for  the  most 
part  a  dentated  contour  line,  and  to  occupy  much  less  space 
than  might  be  expected  from  examination  made  upon 
fresh  nerve  fibres.  Moreover,  in  tinted  preparations,  the 
red  axis  cylinder  may  be  seen  to  run  longitudinally  in  the  . 
unstained  medullary  sheath,  especially  if  this  be  rendered  w 
transparent  by  treatment  with  creosote  or  oil  of  tui'pentine.  .£p 
Transverse  sections  of  the  spinal  cord  are  admirably  adap-  ^ 
ted  to  exhibit  the  extraordinary  variations  that  occur 
in  the  thickness  of  the  axis  cylinder,  and  the  methods  of 
Pfliiger  and  Waldeyer  are  those  which  are  best  adapted  to 
bring  the  axis  cylinder  speedily  into  view  in  fresh  nerves. 
Pfliiger^s  plan  consists  in  adding  a  drop  of  collodion, 
Waldeyer's  in  adding  a  drop  of  chloroform,  to  the  pre- 
paration, in  as  dry  a  state  as  possible,  and  covering  with 
a  thin  glass.  The  medullary  sheath  will  then  be  found 
to  have  lost  its  brilliancy,  and  in  the  greater  number  of 
nerve  fibres  the  axis  cylinder  appears  very  distinctly  as 
a  finely  granular  central  fibre. 

We  are  in  possession  of  extended  observations  by  Bidder  and  Volkmann,* 
in  reference  to  the  difference  in  thickness  existing  amongst  the  peripheric 
medullated  fibres,  and  especially  between  the  ccrebro-spinal  and  sympathetic 
fibres,  which  is  very  considerable. 

A  fourth  form  of  nerve  fibre  may  be  added  to  those  already  described, 
which  also  occurs  in  the  peripheric  nerves,  but  \s  distinguished  from  the 
foregoing  by  the  absence  of  the  medullary  sheath,  and  is  on  this  account 
iwually  described  as  the  peripheric  non-medullated  nerve  fibre.  These  con- 
sist of  fibres  composed  of  a  thicker  or  thinner  bundle  of  primitive  nerve 
fibrils,  according  to  the  kind  of  axis  cylinder  present,  united  together  by  a 
nucleated  sheath  of  Schwann.  All  the  branches  of  the  olfactory  nerve  in 
the  mucous  membrane  of  the  nose  of  all  Vertebrates  consist  of  such  non- 
medollated  nerve  fibres.  They  are  also  of  frequent  occurrence  in  the  sym- 
pathetic, the  branches  of  which,  distributed  to  the  intestines,  are  often  en- 
tirely composed  of  them ;  as,  for  example,  the  thick  splenic  nerves  of  Rumi- 
nants, which  are  often  more  than  a  millimetre  in  diameter.  It  was  here 
that  Hemak  first  observed  them,f  and  hence  the  non-medullated  sympathetic 
fibres  bear  the  name  of  Remak's  fibres.  Remak  himself  subsequently  called 
them  ganglionic  fibres.^      Some  fibres   show  the  fibrillar  structure  much 
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•  Die  SdbiMdndigkdt  dea  SympathUehm  Nerveniystems.     Leipzig,  1842. 
f  ObeenaUonet  Anatamiea  et  Mteroseopicas  de  ^stemaUa  Nenxm  i^ruetura,    BeroL , 
1888. 

t  MionaMeriehU  der  BerUner  Akademie,  1853,  12th  May. 
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more  distinctly  than  others,  as  was  remarked  by  PflUger,*  in  the  course  of 
his  investigations  on  the  nerves  of  the  salivary  glands,  on  which  account  he 
divided  them  into  two  varieties.  It  is  this  kind  of  nerve  fibi*e  which,  with 
few  exceptions,  is  present  amongst  the  Invertebrata.  Nerve  coi*ds,  which 
consist  of  such  fibres,  do  not  possess  the  bright  glancing  appearance  of  ordi- 

Fig.  84 


Fig.  34  Medullated  nerve  fibres,  a,  from  the  olfactory  nerve  of  the  Pike;  d, 
from  the  olf actoiy  nerve  of  Man ;  e,  from  the  sympathetio  (splenio  nerve)  of  the  Ox ; 
df  from  the  nerve  passing  to  the  organ  of  Jacobson  in  the  Sheep.  In  this  specimen 
are  two  medullated  fibres. 

nary  nerves,  but  are  semi-transparent  gray,  gelatinous,  and  resemble  embryo- 
nic tendinous  tissue.  If  they  are  freed  from  the  denser  connective  tissue 
which  invests  them,  they  can  be  broken  up  into  their  constituent  fibres  as 
easily  as  other  nerves,  which  is  a  consequence  of  the  firm  consistence  of  the 
sheath  of  Schwann  surrounding  each  fibre.  The  diameter  of  these  non- 
medullated  nervo  fibres  varies  very  considerably.  In  the  sympathetic  they 
scarcely  exceed  that  of  the  medium-sized  medullated  fibres,  but  in  the  olfac- 
tory nerves  of  many  animals  fibres  may  be  found  at  least  three  or  four 
times  thicker  than  the  largest  medullated  fibres.  Such  thick  fibres  are 
shown  in  fig.  34,  a,  taken  from  the  nasal  fossa  of  a  pike,  consisting,  when 
fresh,  of  a  very  soft,  almost  fluid,  finely  granular  mass,  with  parallel  stri«*, 
contained  in  a  ti'ansparent  and  structureless  sharply  defined  sheath,  in 
which,  on  the  addition  of  acetic  acid,  nuclei  made  their  appearance.  By 
carefully  hardening  the  specimen  the  fibrillar  structure  becomes  very  dis- 
tinct, whilst  at  the  same  time  the  whole  contents  of  the  sheath  may  bo 

*  Die  Endigungm  der  Ahsonderungmervm  in  den  Speielieidriisen,  "  On  the  Mode  of 
Termination  of  the  Secretory  Nerves  in  the  Salivary  Grlands.^'    BomL,  1866,  p.  31. 
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broken  up  into  fibrillie  of  the  nature  of  primitive  nerve  fibrils,  between 
which  the  fine  granules  and  molecules  are  interspersed  to  constitute  an  inter- 
fibnllar  mass.  In  Man  and  most  other  vertebrate  animals  the  fibres  of  the 
ol&ciory  nerve  are  of  less  diameter  than  in  fish,  and  resemble  rather  those 
of  the  sympathetic  nerve,  except  that  they  are  arranged  in  bundles  within 
a  common  nucleated  sheath,  so  that  funiculi  are  formed  similar  to  those 
shown  in  the  subjoined  fig.  34,  &,  taken  from  man.  Here,  as  in  the  sympa- 
thetic nerve  c,  the  substance  of  the  individual  fibres  is  fibrillar,  and 
finely  punctated,  and  probably  consists  of  primitive  fibriUss  and  an  interfi- 
hrillar  substance. 

According  to  the  preceding  account  of  the  stnicture  of  the  nerve  fibres, 
the  following  kinds  may  be  distinguished : — 

1.  Primitive  fibrils. 

2.  Fasciculi  of  primitive  fibrils. 

3.  Primitive  fibrils  with  medullary  sheath. 

4.  Fasciculi  of  primitive  fibrils  with  medullary  sheath. 

5.  Fasciculi  of  primitive  fibidls,  invested  by  the  sheath  of  Schwann  (as 
in  the  non-medullated  nerve  fibres  of  the  sympathetic,  the  olfactory  nerve, 
and  the  nerves  of  the  greater  number  of  invertebrate  animals). 

6.  FasdcuH  of  primitive  fibrils,  with  medullary  sheath  and  the  sheath  of 
Schwann  (as  the  fibres  of  most  of  the  cerebro-spinal  nerves). 

I  and  2  may  be  distinguished  as  naked  axis  cylinders ;  and  where  they 
are  invested  by  a  sheath,  as  simply  axis  cylinders.  It  remains  undecided 
whether  nerve  fibres  exist,  possessing  a  medullary  sheath  and  the  sheath 
of  Schwann,  the  axis  cylinder  of  which  is  formed  by  a  single  primitive 
nerve  fibril. 

If  the  nerve  fibres  be  divided  into  two  groups,  according  to  the  presence 
or  absence  of  the  medullary  sheath,  they  may  be  fui-ther  subdivided  into 

L  Non-medullated  fibres. 

1.  Primitive  fibrils. 

2.  Fascictdi  of  primitive  fibrils. 

3.  These  last,  wiMli  a  sheath  of  Schwann. 
II.  MeduUated  fibres. 

1.  Primitive  fibrils  with  medullary  sheath. 

2.  Fasciculi  of  primitive  fibrils  with  medullary  sheath. 

3.  These  last  with  a  sheath  of  Schwann. 

We  see  then  that  the  primitive  fibril  forms  the  elementary  constituent  of 
all  nerve  fibres.  The  vaidations  that  are  observed  are  dependent  on  the 
nmnber  of  the  fibrils  muted  together  to  form  one  cord,  and  upon  the  absence 
or  presence  of  the  medullary  sheath  and  the  sheath  of  Schwann.  It  is  at 
QDce  obvious  how  complicated  a  structure  one  of  the  so-called  medullated 
primitive  nerve  fibres  is  when  it  is  found  to  be  composed  of  a  bimdle  of 
primitive  fibrils  united  by  interfibrillar  material  constituting  the  axis  cylin- 
der, and  of  two  investing  sheaths. 

Hie  foregoing  description  differs  from  that  generally  received  in  the  acceptance  of 
tbe  pximitive  fibrils,  as  the  ultimate  structural  elements  of  the  nerve  fibres.  I  have 
afaneady  elsewhere  *  shown  the  probability  of  the  existence  of  a  fibrillar  Btructore  in 
the  non-medullated  fibres  of  the  olfactory  and  sympathetic  nerves,  which  the  greater 
mnnber  of  observers  have  regarded  as  pmely  granular  rather  than  fibrous ;  and  my 
news  have  been  supported  by  later  observers,  as  Waldeyer,  f  Pfliiger,  %  and  others. 

*  Unlenuekungen  uber  den  Bau  der  NasmuchMmhaut,  p.  63. 

I  Zeitmsknjtfur  rationeUe  Medicm,  Band  xz.,  1863,  p.  202. 

i  Die  JSndiffungen  der  Abeonderungsnerven  in  den  Speichddrusen,  1866,  p.  31. 
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We  must  here  also  take  into  consideration  the  similarity  of  the  nerve  fibres  of  the 
greater  number  of  invertebrate  animals,  which  all  recent  observers  agree  in  describ- 
ing as  consisting  of  fasciculi  of  fibrils  vrith  interfibrillar  granular  substance.*  Many 
Crustacea  make  exceptions  to  this,  but  only  in  so  far  that  in  them  a  structure  ana- 
logous to  the  medullary  sheath  is  present,  in  the  interior  of  which  fasciculi  of  fibrils 
lie  enclosed,  forming  a  kind  of  axis  cylinder,  f  • 

Since  their  first  discovery  by  Remak,  the  axis  cylinders  of  the  medullated  nerve 
fibres  of  man  and  other  vertebrates  have  repeatedly  been  held  to  exhibit  a  fibrillar 
structure.  Remak  himself  described  the  axis  cylinder,  or  as  he  termed  it,  believing 
it  to  be  hollow,  the  axis  tube,  as  marked  by  i>arallel  lines,  and  regarded  this  as  an 
indication  of  its  fibrous  nature.  {  His  followers,  however,  became  more  and  more  con- 
vinced that  the  axis  cylinder  was  a  homogeneous  structure,  and  this  has  recently  been 
maintained  by  Waldeyer,  to  whom  we  are  indebted  for  a  laborious  work  on  the  sub- 
ject §  Waldeyer  admits  the  probability  of  the  orig^  of  the  axis  cylinder  from  isolated 
fibrils  in  the  nerve  centres,  just  as  he  acknowledges  that  it  splits  peripherically  into 
fibrils,  but  he  holds  that  in  its  course  it  is  a  homogeneous  structura 

Kolliker  has  arrived  at  the  same  result,  since  after  adducing  numerous  arguments 
in  favor  of  the  fibrillar  nature  of  the  axis  cylinder,  he  concludes  with  these  words : 
**  There  is  no  absolute  and  decisive  proof  of  fibrillation  in  the  axis  cylinder.^ J 

I  am  very  far  from  denying  that  the  axis  cylinder,  as  it  is  ordinarily  brought  into 
view,  gives  the  impression  rather  of  a  homogeneous  than  of  a  fibrillated  cord.  There 
is  no  doubt  that  when  eicamined  with  moderate  powers,  and  when  hardened  by  the 
ordinary  methods,  its  substance  does  appear  homogeneous,  or  presents  only  a  linear 
arrangement  of  fine  molecules.  But  in  proportion  as  the  process  of  hardening  is 
avoided  in  the  prosecution  of  the  investigation,  and  the  structures  are  maintained, 
both  as  regards  their  consistence  and  refractive  powers,  in  a  state  analogous  to  the 
fresh  condition,  especially  when  high  magnifying  powers  are  employedy  so  much  the 
more  clearly  am  I  able  to.  recognize  a  parallel  striation  and  a  substance  of  a  finely 
granular  nature  between  the  striae,  which  are  appearances  that  I  can  only  refer  to 
the  axis  cylinder  being  constructed  of  fibrils,  and  an  InterfibriUar  substance.  For 
this  investigation  I  especially  employ  the  lateral  colunms  of  the  spinal  cord  with 
their  thick  medullated  fibres,  from  which,  on  account  of  the  absence  of  the  sheath  of 
Schwann,  it  is  easy  to  isolate  the  axis  cylinder,  not  only  when  quite  fresh,  with  the 
addition  only  of  a  little  serum,  but  still  better  after  twenty-four  hours*  or  more 
maceration  in  solution  of  iodine  in  serum,  in  which  the  axis  cylinder  becomes  slightly 
hardened  without  shrinking  or  otherwise  materially  altering  in  appearance.  Perosmic 
acid  is  also  here  of  great  service,  solutions  of  which,  varying  in  strength  -from  one- 
half  to  one-eighth  per  cent.,  acting  for  a  short  time  on  tibie  axis  cylinder,  harden  it 
without  materially  changing  its  volume,  and  without  producing  a  trace  of  granulax 
coagulation.  Axis  cylinders  thus  freed  from  the  meduUary  sheath  show  with  remark- 
able distinctness  the  characters  of  parallel  striation.  But  even  whilst  still  contained 
within  the  medullary  sheath,  the  fibrous  and' granular  structure  of  the  axis  cylinder 
may  be  observed,  as  I  was  first  convinced  from  observations  made  on  the  thick 
fibres  of  the  brain  of  the  torpedo,  which  possesses  a  proportionately  thin  medullary 
sheath.^ 

A  decisive  argument  in  favor  of  the  fibrillar  structure  of  the  axis  cylinder  is 
derived  from  the  observation  of  its  origin  from  the  great  nerve  cells  of  the  spinal  cord 
or  of  the  brain.  In  regard  to  this  point  I  must  refer  to  the  following  account,  and 
to  the  essay  I  have  just  cited,  in  which  the  particular  observations  are  given,  and  will 
only  mention  here  that  the  fibrils  which  emerge  in  a  convergent  direction  from  the 
cell  substance,  in  order  to  form  the  axis  cylinder  process  of  the  cells,  unite,  and  are 
often  far  removed  from  one  another  by  interfibrillar  material  (see  fig^.  29,  42,  and 
43,  at  a. )  The  formation  of  the  proper  axis  cylinder  results  from  a  diminution  in 
the  quantity  of  the  interfibrillar  material,  whilst  the  fibrils  become  more  clofiely 
approximated  in  their  parallel  course,  so  that  ultimately  only  a  very  small  quantity 
of  interfibrillar  substance  remains.  In  the  periphery  also  it  is  not  difiicult  to  see  the 
fibrillar  character  of  solidary  axis  cylinders,  as,  for  example,  in  the  oorpusdes  of 

*  Gf.  especially  Leydig,  Lehrbwch  der  HUtohgU  des  Meiuchea  und  der  Thiere,  1857. 
'  Remak  and  Hackel,  the  last  in  MUUer's  Archi€,  1857,  p.  469. 
Observaiiones  AnatomunB^  eta,  1838,  p.  2,  note  2. 
I  Zeitscfirift  fur  rationdle  Medicin,  Band  xx.,  1863,  p.  193. 
Qm^dehre,  fifth  Aufl.,  1867,  p.  244. 
J  See  my  Essay,  entitled  Observatkmea  de  e^tUarum,  flbrarttmqus  nervearum  Stnic- 
tura,  Bonner  UniversUaU-Programm^  1868,  fig.  5,  and  the  preceding  woodcut,  33, 
p.  121. 
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Vater  and  Pacini,  hb  whb  shown  to  me  by  Dr.  Grandiy,  providing  the  spedmens  are 
examined  in  the  perfectly  fresh  state,  withont  other  addition  than  that  of  serum,  and 
with  sufficiently  high  powers. 

I  consider  it,  indeed,  to  be  possible  that,  notwithstanding  these  observations,  axis 
cylinders  exist  in  which  the  original  fibrillar  nature  is  entirely  lost  by  fusion  of  the 
fibrils  with  each  other,  and  which  have  thus  become  homogeneous ;  but  I  regard  the 
imnciple  as  correct,  that  the  thicker  axis  cylinders  are  composed  of  several  primitive 
fibrils,  since  these  converge  at  the  centric,  and  for  the  most  part  separate  from  one 
another  at  the  peripheric  extremity.  On  physiological  gprounds  also  I  maintain  the 
possibility  of  isolated  conduction  in  these  constituent  fibnls,  even  when  no  trace  of 
inteifibrilkur  substance  is  present. 

I  may  just  add  that  my  views  on  these  points  differ  essentially  from  those  of 
Stilling,*  who  indeed  regards  the  axis  cylinder  as  a  complicated  fibrous  structure,  but 
distributes  his  ekmentaiy  fibrils  generally  on  tbe  surface,  and  considers  that  they 
unite  with  oonstituentB  of  the  nerve  and  medulla,  which  also  again  consists,  accord- 
ing to  him,  of  fine  fibres  or  tubules.  Stilling,  as  is  well  known,  has  not  been  able 
to  distinguish  the  preformed  structure  from  the  products  of  coagulation  that  occur 
in  nerve  fibres  hardened  in  chromic  acid. 

Both  naked  axis  cylinders,  and  those  enclosed  in  a  medullazy  sheath,  offer  some 
remarkable  and  unexplained  peculiarities  when  they  are  saturated  with  dilute  solu- 
tions of  nitrate  of  silver  in  tiie  dark,  and  are  then  exposed  to  light.  After  From- 
mann.f  who  made  the  first  observations  on  the  point,  the  best  subsequent  investiga- 
tions have  been  made  by  Dr.  Grandry.J  As  a  result  of  this  treatment  there  occurs  in 
the  axis  cylinder  a  fine  transverse  striation,  caused  by  the  partial  deposition  of 
hrownish-black  silver  oompounds,  which  is  here  and  there  so  regular  as  to  remind  the 
observer  of  the  structure  of  striated  muscular  tissue,  though  in  other  parts  it  exhibits 
great  irregularity.  When  the  action  of  light  has  been  more  protracted,  the  appear- 
ance in  question  gradually  disappears,  and  the  whole  becomes  equably  tinted  of  a 
brownish  black.  As  Grandry  remarks,  however,  not  only  the  axis  cylinder,  but  also 
the  branched  processes  of  the  ganglion  cells,  and  frequently  the  cells  themselves, 
exhibit  this  striation  in  a  veiy  surprising  manner.  No  one  has  hitherto  succeeded  in 
showing  any  relation  between  these  appearances  and  the  finer  structuro  of  the  parts. 

1.  Division  of  the  Nerve  Fibres. 

A  peculiar  feature  presented  by  the  nerve  fibres  in  their  course  is  their 
division.  This  frequently  occurs  near  their  peripheric  extremity,  but  is 
also  to  be  observed  in  the  nerve  centres,  and  occasionally  in  the  nerve 
trunks.  It  may  take  place  in  all  kinds  of  nerve  fibres,  with  the  exception 
of  the  primitive  fibrils.  Branched  and  ramified  fasciculi  of  primitive  fibiils 
are  composed  of  the  processes  of  many  multipolar  ganglion  cells.  In  the 
ol£u:tory  nerve  may  be  seen  the  repeated  subdivisions,  quickly  following 
each  other,  of  non-meduUated  fibres  provided  with  a  sheath  of  Schwann, 
with  the  sheath  prolonged  upon  the  branches. §  The  mode  of  division, 
however,  that  has  been  most  frequently  described  is  that  of  the  medullated 
fibres,  such  as  is  seen,  for  example,  in  the  nerves  distributed  to  muscle.  || 
This  mode  of  division  is  usually  dichotomous,  and  affects  all  the  constituents 
of  the  nei-ve  fibre.  The  division  of  the  fibrillar  axis  cylinder  probably  con- 
sists only  in  a  gradual  process  of  isolation  of  the  associated  primitive  fibrils. 
The  medullary  sheath   is   continued   at   the  point   of  division  over  the 

•  Scue  VnteivuekuThgen  fiber  den  Bau  des  Backenmnrkes,  1859,  p.  708. 

t  Virchow'a  Arehit,  Band  xxxi,  Taf.  0,  fijgs.  11  to  16. 

X  Redk«rche$  sur  la  Structure  intime  du  oyUndre  de  Vaxe  et  des  cellules  nerveuses^  Bui- 
litin  de  rAead'.mie  Bayale  du  Bdgique^  Mars^  1808. 

§  This  may  be  particularly  well  observed  in  the  thin  plates  of  the  nasal  f  oesce  of 
lays  and  of  sharks.     Max  Sohultse,  Bau  der  Nasense^ileirn/iaut,  Taf.  4,  fig  8,  v.  9. 

I  See  in  particular  Reichert  and  Miiller^s  Arc/iiVj  1851,  p.  29.  E.  Brlicke  and  Job. 
Mailer  were  the  first  who  observed  the  divlBions  of  medullated  nerve  fibres  in  muscle. 
See  the  last-mentioned  author's  Handhuch  der  Physidlogie,  fourth  edition.  Band  i. ,  p. 
IS^  Paul  Savi  was  the  first  who  saw  the  primary  divisions  of  medullated  nerve  fibres 
in  the  electric  oigans  of  the  Torpedo,  in  1844. 
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branches,  and  is  finally  lost  at  tlieir  extremities.  It  is  very  remarkable  that 
at  the  point  of  division,  in  consequence  of  a  sudden  diminution  in  the  quan- 
tity of  the  nerve  medulla,  an  attenuation  of  the  nerve  fibre  occurs,  whilst 
beyond  this  point,  when  the  division  is  completed,  the  medulla  is  again 
found  in  its  ordinary  proportion.     The  sheath  of  Schwann  divides  in  pre- 

Fig.  85. 


Fig.  35.  Medullated  nerve  fibre,  from  the  electric  oigan  of  the  Torpedo,  at  the 
point  of  division,  presenting  a  very  thick  sheath  of  Schwann,  a,  trunk  fibre;  6, 
sheath;  e^  nucleus  of  the  sheath;  d,  point  of  division;  e^  branches.  After  R. 
Wagner. 

cisely  the  same  manner.  As  the  branches  after  division  are  much  thicker 
when  taken  collectively  than  the  trunk  from  which  they  proceed,  whilst  the 
axis  cylinders  diminish,  it  is  obvious  that  the  sheaths  must  aiigment  in  thick- 
ness. This  holds  in  particular  for  the  medullary  sheath,  the  thickness  of 
which  is  proportionately  much  greater  when  the  axis  cylinder  is  thin  than 
when  it  is  thick.  Instead  of  the  dichotomous  division,  three,  four,  or  more, 
even  up  to  five-and-twenty  branches  may  suddenly  arise  from  a  single  trunk 
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fibre,  as  was  first  observed  by  Rud.  Wagner  in  the  nerves  of  the  electric 
oigatt  of  the  Torpedo.*  By  far  the  most  remarkable  example  of  nerve  divi- 
8ion  occiurs,  however,  in  the  electric  eel  (Malapterurus  electricus).  Here, 
according  to  Bilhai^z,  each  of  the  two  electric  organs  which  lie  like  masses 
of  bacon-fat  beneath  the  skin,  receives  a  nerve  from  the  medulla  oblongata, 
consisting  of  only  a  single  mednllated  fibre,  having  a  diameter  of  0*025 
inilliinetre8,f  which,  in  order  that  it  may  give  a  peripheric  terminal  fibre  to 
each  electrical  plate,  must  divide  millions  of  times. 

The  sheath  of  Schwann  disappears  sooner  or  later  in  the  process  of  divi- 
sion, and  is  consequently  absent  in  the  ultimate  fibrils,  as  may  be  seen,  for 
example,  in  the  nerves  of  the  cornea.  Here  the  medulla  also  sooner  or 
later  disappears  from  the  surface  of  the  axis  cylinder.  Goincidently,  or 
somewhat  later,  the  sheath  of  Schwann  can  no  longer  be  distinguished, 
the  axis  cylinder,  which  alone  remains,  repeatedly  divides,  and  the  fine 
primitive  fibrillar,  as  first  demonstrated  by  HoyerJ  and  Cohnheim,§ 
ultimately  project  from  the  sub-epithelial  tissue  between  the  cells  of  the 
tesBelated  epithelial  layer  of  the  conjunctiva  corneae,  and  terminate  by  fi'ee 
extremities  at  the  surface.  The  same  appearance  may  be  seen  in  many 
other  nerves,  as  in  the  acoustic  and  optic,  in  the  nerves  of  the  tongue,  in 
those  distributed  to  the  glands  and  elsewhere,  though  in  these  instances 
each  primitive  fibril  is  connected  with  a  peculiar  terminal  apparatus,  which 
▼ill  be  hereafter  described.  In  many  parts,  however,  the  division  into 
primitive  fibrils  does  not  take  place ;  that  w  to  say,  an  axis  cylinder  of 
^reciable  diameter  terminates,  so  far  as  we  at  present  know,  without  pre- 
nously  breaking  up  into  the  finest  nerve  filaments.  The  above-mentioned 
examples,  the  nerves  distributed  to  many  electrical  organs,  to  the  trans- 
versely striated  muscles,  the  Vater's  (Pacini's)  corpuscles,  exhibit,  in  part 
at  least)  when  carefully  examined,  no  exception  to  this  rule. 

2.  Op  the  Peripheric  Terminal  Organs. 

The  peripheric  division  into  primitive  fibrils  appears  to  occur  in  all  the 
nerves  of  special  sense,  but  especially  in  those  cases  where  perception  of  a 
great  variety  of  impressions  occurs  within  a  very  limited  space.  Peculiar 
terminal  organs  are  found  in  such  instances  in  connection  with  each  fibre, 
of  which  a  more  detailed  description  will  be  given  in  the  consideration  of 
the  different  senses,  but  which  will  be  here  only  regarded  from  a  general 
point  of  view.  In  the  nasal  mucous  membrane,  fusiform  easily  alterable 
cells  are  found  occupying  interspaces  between  the  palisade-like  cells  of  the 
olftctory  region.  These  possess  a  centric  and  a  peripheric  process,  of  which 
the  former  exactly  resembles  the  primitive  nerve  fibrils  of  the  olfactory 
nenres,!  wliilst  the  latter  either  ends  at  the  level  of  the  free  surface  of  the 
epithelial  cells,  as  in  man,  mammals,  and  fishes,  or  extends  beyond  this  sur- 

*  Fdner  Bau  de»  Elekt.  Organea  im  Zitterrochen,  **  Minute  Anatomy  of  the  Elec- 
tric Oigans  of  the  Torpedo,"  1847,  p.  17. 

f  Aoootding  to  Bilharz,  loe.  dt.,  p.  22—^00"'. 

X  Vdier  die  Endigungen  der  tenibdn  Nen>en,  in  der  Homhaut^  Viichow's  ArMo. 
Bttdntxriii,  1887,  p.  343. 

I  Beichert  and  Da  Bois  Beymonds*  ArcUv,  1866,  p.  180. 

I  The  exifltence  of  these  cells  was  first  reoognized  by  Eckhazd  in  the  frog.  See  his 
BtUrage  tur  AnatamU  u.  Physiohgie,  Band  i.,  1855,  p.  17,  Taf.  5,  figs.  3,  4  c;  and  a 
^eaaaioii  on  their  xelation  to  the  Nervous  System  will  be  found  in  SchoJtze's  Essay  in 
the  IfcnaUberiehte  der  BerUjier  Akademte,  1856,  November,  p  504,  and  at  still  greater 
length  in  Max  Sehultze^s  Untermiehungen  uber  den  Bau  der  Ifasenechkiimhaut^  Halle, 
1^,  with  five  platea. 
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face  in  the  form  of  a  IcHig  stiff  hoii*,  or  of  several  finer  hairs,  analogous  to 
cilia,  but  incapable  of  movement. 

I  have  named  these  cells  (^factory  ceUs,  and  the  hairs  oLfoGUyry  ludrz. 
The  general  relations  are  the  same  in  the  mucous  membrane  of  the 
tongue,  as  Axel  Key  *  has  shown  in  the  papillae  fungiformes  of  the  frog,  and 
Schwalbe  f  and  Loven  \  in  the  gustatory  cells  of  the  papillas  circumvallatae, 
and  of  some  of  the  fungiformes  in  man  and  mammals.  These  terminal 
organs  corresponding  to  the  olfactory  cells  may  be  termed  gustatory  cells. 
Similar  conditions  are  found  in  the  auditory  organs,  since  in  those  parts 
where  the  nerve  terminations  are  simple,  the  terminal  branches  of  the 
medullated  acoustic  fibres,  after  losing  their  medullary  sheatli,  penetrate 
between  the  epithelial  cells,  especially  between  those  of  the  otolith  sacs  and 
of  the  ampullie  of  the  semi-circular  canals,  and  after  breaking  up  into  primi- 
tive fibrils  become  continuous  with  peculiar  ciliated  auditory  cells. §  The 
mode  of  termination  of  the  nerves  in  the  cochlea  is  of  greater  complexity, 
especially  because  a  portion  of  the  non-nervous  cells  of  the  epithelial  invest- 
ment of  the  cochlear  canal  develops  into  the  several  structures  forming  the 
organ  of  Corti.  But  even  here  the  terminal  nerve  structures  appear  to 
consist  of  cells  supporting  hairs,  which  are  continuous  with  extraordinary 
delicate  non-meduUated  nerve  filaments  (primitive  fibrils).  The  terminal 
nerve  apparatus  of  the  optic  nerve  in  the  retina  presents  quite  peculiar 
features.  Here  are  found  the  layer  of  rods  and  cones,  and  the  nucleated 
external  gi*anules,  which  last,  like  the  terminal  apparatus  of  the  ol£ekctory 
nerve,  appear  as  fusiform  cells,  with  a  centric  and  a  peripheric  process. 
The  centric  process  of  the  rods  is  a  single  primitive  fibril,  but  that  of  the 
cones  is  a  &8ciculus  of  primitive  fibrils.  |{  The  peripheric  process  terminates 
in  the  case  of  the  so-called  rods  and  cones  in  an  essentially  similar  manner, 
the  extremity  in  each  consisting  of  a  pale  inner  segment  resembling  gang- 
lionic cell  substance,  and  a  bright  highly  refractile  external  segment,  which 
is  separated  from  the  former  by  a  sharply  defined  line,  and  which  in  the 
rods  is  of  cylindrical,  and  in  the  cones  of  conical  form.  The  structure  of 
the  outer  segments,  which,  in  all  probability,  constitute  the  proper  terminal 
structures,  upon  the  excitation  of  which  perception  depends,  differs  from 
that  of  any  other  nervous  organ,  es}>ecially  in  its  consisting  of  a  series  of 
thin  plates  superimposed  on  one  another  in  the  dii-ection  of  its  long  axis.^ 
The  tactile  nerves  of  tlie  skin,  lastly,  terminate  in  the  so-called  tactile  cor- 
ptLsdes,  which  are  oval  or  spherical,  very  soft,  and  easily  alterable  bodies. 


♦  MaUer^B  Arehiv,  1861,  p.  329. 

t  ArdiivfurMikroskop.  Ajiatmiiie,  Band  iil,  p.  154  ;  Band  iv.,  p.  154 

X  Id/!m,  Band  iv.,  p.  96. 

§^  See  Max  Schultze's  Ueber  die  Endigyngsteeue  des  Homerven  im  LahjfHnth^ 
Mmier's  Archiv,  1858,  p.  34;^ ;  Franz  Eilh.  Schnlze  in  idem,  1862,  p.  881 ;  Odenina, 
Archie  far  Mikroskopische  Anatomie^  Band  iil.,  p.  115.  Hasse  so  far  gives  a  different 
account,  in  that  he  has  not  been  able  to  observe  the  division  of  the  axis  cylinder  into 
finer  filaments  (primitive  fibrils).  Bee  others  in  Zeits.  fur  tcissens,  Zool. ,  Bd.  xvii.,  p. 
638 ;  Bd.  xviii.,  p.  89.  I  must,  however,  maintain  the  correctness  of  my  assertions 
respecting  and  illustrations  of  the  above-described  objects.  The  consideration  of  the 
auditory  organ  of  invertebrate  animals  is  of  great  importance  in  regard  to  the  rela- 
tions in  question.  See  Hensen,  ZeitscJirift  fur  wissensduiftUche  Zoohgie,  Band  xiiL, 
p.  319,  "On  the  Auditory  Organs  of  the  Crab." 

I  Max  Schultze,  Archie  fur  Mikroek/tpiwhe  Anatomie,  Band  ii,  Taf.  10. 

J  Max  Schultze,  Areltiv  fur  Mikraskopische  Anatomie^  Band  ilL,  p.  215.  A  refer* 
ence  may  also  be  made  to  the  difiPerentiation  of  one  or  several  axial  fibres  in  the  outer 
segment,  first  observed  by  Bitter.  See  especially  Hensen,  Virchow's  Archie,  Band 
«xix.,p.  475,  Taf.  12. 
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occupying  the  interior  of  many  tactile  papillse  of  the  skin,*  each  of  which 
IB  continuous  with  one  or  more  mediillated  nerve  fibres  that  divide  in  their 
interior,  though  up  to  the  present  time  the  precise  mode  of  termination  of 
the  primitive  fibrils  in  them  has  not  been  completely  elucidated. 

In  immediate  relation  to  the  sense  of  touch  stand  also  in  all  probability  the  nerve 
haiiB  found  on  the  surface  of  young  fish  and  naked  amphibia,  which  have  been  de- 
Kzibed  by  F.  E.  Schulze,f  and  the  arrangement  of  which  in  the  form  of  pencils  or 
bnuhes  calls  to  mind  the  nerve  hairs  in  &e  ampullsB  of  the  auditoi^.oigan.  These 
^^peu  to  be  well  adapted  for  the  perception  of  movements  of  the  water  in  which 
^e  animals  live.  In  fishes  also  is  found  the  lateral  canal  system,  with  the  nerve 
bulbs  described  by  Leydig.  I  have  also  observed  a  very  similar  disposition  of  the 
nerves  in  regard  to  hair-bearing  epithelial  cells  in  the  vesicles  of  Savi  present  in  the 
torpedo.t  According  to  recent  investigations  by  Franz  Boll,  the  highly  nervous  am- 
puIUe  of  ihe  so-called  mucous  canals  of  the  head  of  rays  and  sharks  are  covered  with 
o^-supporting  hada. 

We  may  also  vegard  the  corpuadea  of  Voter  or  Pacini  as  constituting  ter- 
minal oi^gans  of  the  sensory  nerves.  These  are  most  commonly  found  in 
man  in  the  subcutaneous  connective  tissue  of  the  sides  of  the  fingers  and 
toes,  seated  on  the  volar  and  plantai*  nerves ;  also  on  the  nerves  supplying 
joints,  and  in  the  nerves  coursing  between  various  muscles  of  the  trunk  and 
extrranities  ;§  in  animals,  however,  they  are  found  in  many  other  parts  of  the 
body,  and  may  be  most  easily  obtained  f^r  examination  from  the  mesentery  of 
the  cat.  Each  of  these  corpuscles  receives  a  medullated  nerve  fibre,  which  does 
not  again  emerge  from  it.  The  corpuscle  itself  consists  of  many  concentrically 
arranged  layers  of  connective  tissue,  becoming  always  more  closely  packed 
near  the  centre,  and  surrounding  a  cavity  filled  with  soft  abundantly  nucle- 
ated and  very  easily  alterable  mateiial,  .which  undergoes  coagulation  after 
death,  and  into  the  interior  of  which  the  nerve  fibres  penetrate.  These, 
after  they  have  lost  the  medullary  sheath  and  the  sheath  of  Schwann,  which 
becomes  continuous  with  the- laminated  sheaths  of  connective  tissue  invest- 
ing the  corpuscle,  consist  only  of  the  axis  cylinder,  which  terminates  in  a 
Httle  bulb.  I  Dr.  Grandry,  who  has  examined  the  Pacinian  corpuscles  with 
hi^lier  magnifying  powers  than  appear  to  have  been  previously  employed, 
observed  a  very  <Sstinct  fibrous  structure  in  the  axis  cylinder  in  their  in- 
terior, and  also  that  the  terminal  bulbs  consist  of  finely  granular  substance, 
from  which  tlie  diverging  terminal  fibrils  may  be  clearly  distinguished. 
Closely  allied  to  the  foregoing  are  the  numerous  terminal  nerve  corpuscles 
described  and  depicted  by  Krause  as  existing  in  the  conjunctiva,  the  geni- 
talS)  and  other  parts  of  the  body,  which  differ  from  the  Pacinian  corpuscles 
only  in  the  absence  of  a  thick  laminated  investment.^     The  mode  of  ter- 

^  We  owe  the  discovery  of  these  struotures  to  Meissner  and  Bud.  Wagner.  See 
Gdttanger  Na45kr%ehtm,  1852,  No.  2;  or  in  more  detail  Meissner,  Bdtrage  zur  Anato- 
«M  und  PhysMogk  der  Haut.    Leipzig,  1853. 

\  M&Uei's  Arehiv,  1861,  p.  759. 

i  UBtarmtokungen  uber  den  Bau  der  Na$ensohk6rnhmit^  1862,  p.  11.  In  this  essay 
vffl  be  found  a  more  detailed  aocount  of  the  relations  at  present  known  to  exist  be- 
tween nerves  and  epithelial  investments. 

%  See  Rauber,  ifnUreufkaTigen  uber  das  Vorkommen  wnd  die  Bedeuiung  der  Vater- 
mim  Kihrper.  ^*  Beseazches  on  the  Distribution  and  Function  of  the  Corpuscles  of 
Tater.^  1867. 

I  See  the  nnmezous  illustrations  of  these  corpuscles  and  their  minute  microscopic 
anatomy  in  Henle  and  Kolliker's  Essay,  Ueber  die  Pamni^seheTi.  Korper  an  den  lierven 
dm  Mmaehen  und  der  Saugethiere^  Zuri<di,  1844,  which  was  followed  by  the  work  of 
Heibfli.  entitled  Die  Pa^nP 9chen  K&rper  und  ihre  Bedeutung,  Gottingen,  1848.  There 
see  monexoas  recent  investigations  on  the  point,  amongst  others,  those  of  Leydig, 
Knnse.  KolUker,  and  Bauber. 

1  See  W.  Kranae,  Die  terminaien  Mrperoken^  IBQO ;  Anaitomische  UnUnuehungen. 
9 


Digitized  by 


Google 


130 


STRUCTCTRE   OF   THE   NERVOUS   SYSTEM. 


mination  of  the  nerves  in  the  transversely  striated  muscles  has  been  the  subject 
of  numerous  researches,  and  we  now  know  through  those  of  Kuhne,  £ugel- 
mann,  and  others  that  axis  cylinders  of  moderate  thickness  penetrate  the 
sarcolemmaof  the  muscular  fibres,  and  either  branch  out  to  form  the  so-called 
terminal  nerve  plate,  or,  as  in  the  frog,  break  up  into  primitive  fibrils  in  the 

Fig.  86. 


Fig.  86.  a,  Vater-Pacmian  corpuscle  from  the  mesentery  of  the  cat,  examined  with  i 
low  power—after  B.  Ecker ;  ft,  the  end  of  the  nerve  fibre,  consisting  of  a  fibrillated  axi 
cylinder,  the  fibrils  of  which  are  lost  in  a  finely  granular  mass,  magnified  1,00( 
linear — after  Grandry. 


a 
axis 
.000 


interior  of  the  contractile  substance,  and  therefore  probably  in  the  interfi- 
brillar  substance.  Frankenhausen  has  recently  maintained  that  in  the 
smooth  muscular  fibres  there  is  a  connection  between  the  primitive  nerve 
fibrils  and  the  nucleoli  of  the  fibre  cells,  on  which  point,  however,  the 
reader  is  referred,  as  in  regard  to  the  nerves  of  muscles  generally,  to  the 
section  on  muscles. 

A  peculiar  and  remarkable  mode  of  nerve  termination  is  found  in  the 
electrical  organs  of  those  fish  that  are  provided  either  with  true  or  the  so- 
called  pseudo-electric  organs  (as  the  Torpedo,  Malapteruinis,  and  Gymnotus 
amongst  the  former,  and  the  Eaja  and  Mormyrus  amongst  the  latter). 
The  axis  cylinders  of  the  nerve  fibres,  which  pass  to  these  organs  from  the 
nerve  centres,  here  terminate  in  the  so-called  electrical  plates,  which  are  di- 
rect expansions  of  the  nerve  fibres  in  the  form  of  remarkable  discs,  each  of 
which  lies  in  a  small  chamber  of  the  organ  formed  by  septa  of  connective 
tissue.  Fig.  37,  after  Ecker,  taken  from  the  Mormyrus,  shows  the  electrical 
plates  forming  direct  expansions  of  the  nerve-fibre  substance,  from  which  it 
appears  that  the  nerve  fibres  penetrate  foramina  in  the  plates  (as  in  some 
species  of  Mormyrus  and  Malapterurus)  before  they  break  up  in  its  sub- 
stance. 

The  point  of  entrance  always  occurs  on  one  only  of  the  two  surfaces  of 

1861 ;  Bense,  Die  Nervenendigungen  in  den  OescftkcMs-Organen^  in  der  2Seit9chriJt 
fur  ratumelie  Medicinj  1868,  Bandxxxiii.,  p.  1. 
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the  disk,  and,  indeed,  on  the  same  or  corresponding  surface  of  all  the  plates 
of  the  same  aniinal ;  thus,  for  example,  in  the  torpedo,  in  which  the  plates 
have  a  dorsal  and  ventral  surface,  the  nerves  are  always  applied  to  the  ven- 
tral surface,  the  dorsal  remaining  smooth ;  consequently  all  these  electric 
plates  have  a  smooth  free,  and  a  rough  surface  to  which  the  nerve  fibres  are 
attached,  and  these  all  look  in  the  same  directioji.  At  the  moment  of  the 
discharge  in  all  the  electric  fishes  hitherto  examined,  that  side  of  the  animal 
to  which  the  rough  sui-faces  of  the  electrical  plates  are  turned  is  negative  as 
compared  with  the  opposite.  In  Malapterurus  only  a  single  primitive  nerve 
fibre,  which  has  just  previously  lost  its  medullary  sheath,  penetrates  each 
plate  ;  but  in  all  other  animals  many  fibres  enter.  The  structure  of  these 
electric  plates,  composed  of  albuminous  mateiial,  diifei*s  in  two  points  from 
the  former.     The  plates  of  the  true  electric  organs  are  homogeneous  disks, 


Fig.  37. 


Fig.  37.  A.  From  the  electric  organ  of  Mormyrus  oxyrhyncus,  and  also  as  in  the  M. 
longipiiinis  and  cyprinoides.  v  anterior,  h  posterior  connecting  tissue  septum ;  an, 
electric  fJates ;   b  i,  nerves  penetrating  into  their  interior. 

B.  From  the  electric  oigan  of  Mormyms  doiBalis,  and  also  as  in  the  M.  angnilloi- 
deL     Lettering  as  in  A, 

tlightly  uneven  on  their  free  surface,  in  the  interior  of  which  oval  or  spher- 
ical nuclei,  surrounded  here  and  there  with  a  little  finely  granular  substance, 
lie  scattered  at  definite  distances.  The  plates  of  the  so-called  pseudo-electric 
organs,  on  the  other  hand,  exhibit  similar  nuclei,  but  their  substance  is  not 
homogeneous,  being  marked  by  delicate,  meandering,  and  looped  systems  of 
lines,  which  result  from  their  complicated  structure,  composed  of  a  number 
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of  layers  of  very  thin  curved  plates.     The  tissue  in  some  measure  calls  to 
mind  that  of  the  transversely  striated  muscles.* 

In  regard  to  the  mode  of  termination  of  the  nerves  in  glands,  the  investi- 
gations of  Pfluger  f  on  the  salivary  glands  may  here  be  mentioned,  in  which 


Fig.  38. 


Fig.  39. 


im 


Fig  38.  Three  bipolar  ganglion  cells,  from  the  Ganglion  Gasserii  of  the  Pike — after 
Bidder. 

Fig.  39.  Three  bipolar  ganglion  cells,  from  the  auditory  nerve  of  the  Pike,  a,  still 
contained  in  the  meduUaiy  sheath  ;  b,  entirely  ;  e,  partially  eiposed,  in  oider  to  show 
that  these  ganglion  cells  are  only  nucleated  dilatations  of  the  axis  cylinder. 


*  A.  Ecker,  Vnt&rsuckungen  2ur  Ichthyologie,  Freiburg,  1857 ;  BerichU  der  Nalurf, 
Oesdlschaft  gu  Freiburg,  1858,  No.  28.  Max  Schultze,  Uef/er  das  PseudO'fifktriscke 
Organ:  Auungsberichte  der  Naturf.  OeseUsfihaft  in  UaUe^  1857,  p.  17 ;  and  in  MiiUers 
Archiv,  1858,  p.  193.  Also  Bilharz,  Das  Ekktrische  Organ  des  Zitterwdses,  1857- 
and  Max  Schultze,  Zur  Kmntniss  des  Elektrischen  Organs  der  Fisehe.  2  Abtheilumreiu 
Halle^  1858  and  1859.  ^ 

f  Die  Endigungm  der  AbaonderungsMrvm  in  die  SpeicKddriUen,    Bonn,  1806. 
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he  showed  that  the  extreiuities  of  the  nerves  formed  such  a  connection  with 
gland  cells,  that  either  the  cells  themselves  or  their  nuclei  constituted  the 
terminal  organ,  as  will  be  more  explicitly  described  in  the  article  on  Glands. 
Hensen  has  described  the  cutaneous  nerves  of  the  frog  as  terminating 
peripherically  in  the  nucleoli  of  the  cells  of  the  epidermis.*  They  form 
extraordinarily  fine  fibres,  which  penetrate  both  the  cells  and  nuclei,  and  in 
consequence  of  the  frequent  division  of  the  nuclei  are  also  themselves  fre- 
quently bifurcated. 

3.   Ox  THE  MODE  OF  ORIGIN  OF  THE  NeRVB  FiBRES  IN  THE  NbBVE  CENTRES. 

The  transition  fi-om  the  foregoing  to  the  consideration  of  the  central  source 
or  origin  of  the  lierve  fibres  is  to  be  found  in  the  description  of  those  nerve 
or  ganglion  cells  which  are  intercalated  in  the  course  of  the  nerve  fibres,  and 
of  the  so-called  ganglia.  The  microscopic  examination  of  the  ganglia  of  the 
brain  and  spinal  cord,  as  well  as  of  the  sympathetic  nerves,  alike  shovs  that 
the  cells  are  to  be  regarded  as  an  essential  part  of  these  structures,  and  that 
they  exhibit  a  nucleus  and  nucleoli  lying  in  a  relatively  considerable  quan- 
tity of  a  dense  finely-granular  and  fibrillated  cell  substance,  which  is  often 
tinged  of  a  yellow  color.  The  greater  number  of  these  cells,  when  isolated 
in  the  perfectly  fresh  state  in  serum,  are  spheroidal ;  yet  they  are  often  also 
very  irregular  in  outline,  destitute  of  any  doubly  contoured  investing  mem- 
brane, and  become  broken  up  and  disappear  with  the  greatest  facility.  In 
sections  made  through  fresh  or  hardened  ganglia  such  cells  appear  to  be 
arranged  in  layers  surrounded  by  fibrous  connective  tissue,  in  which  large 
numbers  of  both  medullated  and  non-meduUated  nerve  fibres  commonly  lie 
imbedded.  Each  cell,  however,  occupies  a  kind  of  capsule  composed  of 
nucleated  connective  tissue,  from  the  inner  surface  of  which  it  retracts  when 
acted  upon  by  strongly  hardening  fluids. 

The  majority,  perhaps  it  may  even  be  said  all,  of  these  cells  possess 
processes,  which,  however,  in  the  fresh  stat-e  can  be  torn  off  with  a  facility 
proportionate  to  the  difference  in  the  consistence  of  the  cell  substance  and 
the  investing  capsule  of  connective  tissue.  These  processes  are  nerve  fibres, 
as  was  first  obsei-ved  by  Kemak  in  the  Vertebrata,f  and  by  Helmholtz  J 
amongst  the  Invertebrata.  If  only  one  be  present,  causing  the  cell  to  look 
like  a  berry  attached  to  its  stalk,  it  is  termed  unipolar;  if  there  are  two 
vhich  are  often  connected  with  the  opposite  extremities  of  the  cell,  this  is 
termed  bipolar,  and  when  there  are  several,  it  is  multipolar.  That  these 
processes  are  nerve  fibres  is  most  clearly  evident  in  bipolar  ganglion  cells, 
vhich  are  introduced  in  the  course  of  those  medullated  nerve  fibres  that 
may  easily  be  obtained  from  the  perfectly  fresh  spinal  ganglia  of  sharks  and 
lays,  where  they  were  first  noticed  by  Robin  and  Rudolph  Wagner  §  in 
1^7 ;  or  from  the  Gasserian  ganglion  of  the  same  animals,  where  I  have 
been  able  to  demonstrate  their  presence  with  great  ease ;  or  from  the  same 
ganglion  of  the  osseous  fishes  (pike,  according  to  Bidder)  ;  |  or  lastly,  from 
the  auditory  nerve  before  its  entrance  into  the  sacculi  of  the  labyrinth.^     The 

•  Tixchow's  Archi%  Band  xrri.,  p.  63,  Taf.  2,  fig.  14 ;  ArcMo  fur  MVeroBkojpiBche 
AnatmnU,  Band  iv.,  p.  121. 

t  Froriep's  Notuen,  1837,  Nos.  47,  56,  58 ;  Obaervaiumes  Anat.  et  Micraseop.  de 
SjfKt^ematU  Xerrtm  Struetura,    Berol,  1838. 

1  Utfabrica  Sif^tematia  Nerwm  Evertebratorum,  Diss,  inaug.,  1842. 

I  R.  Wagner,  Aeurciogische  Untersuchungm,  p.  7. 

I  Zur  L3^e  von  dem  VerhdUniss  der  Ganglionkorper  zu  dm  Ntrvenfasem^  "  On  the 
xcbiions  of  the  Ganglia  to  the  Nerve  Fibres.''    Leipzig,  1847. 

\  Xaz  Schnltse,  DeBeUwB  struOura  penitieni.    Bonn,  1859,  fig.  7. 
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cell  BubBtance  is  here  a  continuation  of  the  substance  of  the  axis  cylinder ; 
it  includes  a  nucleus  and  nucleoli;  the  medullary  sheath  usually  ceases  at  the 
point  of  transition  of  the  fibre  into  the  nucleated  enlargement  of  the  axis 
cylinder,  and  reappears  at  the  corresponding  point  on.  the  opposite  side; 
though  it  occasionally  invests  the  entire  cell,  the  cytoid  enlargement  of  the 
axis  cylinder  in  that  case  occasioning  no  interim ption  to  the  medullary 
sheath.  It  is  obvious  that  such  a  ganglion  cell  is  only  a  nucleated  swelling 
of  the  axis  cylinder.  The  fibrillated  structure  of  the  latter  may  be  followed 
in  the  cell  substance,  although  it  is  there  in  part  concealed  by  the  presence 
of  a  considerable  quantity  of  the  interfibrillar  substance.  And  just  as  the 
medullary  sheath  is  not  essential  to  our  conception  of  a  nerve  fibre,  so  we 
can  only  regard  it  as  forming  an  accessory  sheath  to  the  ganglion  cell,  to 
which,  indeed,  it  rai'ely  constitutes  a  continuous  investment.  The  sheath 
of  Schwann,  if  present,  is  continued  over  the  ganglion  cell,  and  forms  the 
above-mentioned  capsule  of  nucleated  connective  tissue.  It  is,  however, 
absent  in  the  bipolar  ganglion  cells  of  the  auditory  nerve. 

The  structure  of  the  spinal  ganglia  of  other  vertebi^ata  and  of  man  is 
more  complex.  It  has  been  frequently  observed,  and  has  very  recently 
been  corroborated  by  the  researches  of  Schwalbe,*  that  the  cells  of  these 
ganglia  each  possesses  for  the  most  part  only  a  single  non-meduUated  pro- 
cess which  runs  towards  the  periphery,  and  which,  according  to  Kcilliker, 
subsequently  becomes  the  axis  cylinder  of  a  medullated  nerve  fibre.  Like 
the  substance  of  the  ganglion  cells,  it  presents  a  fibrillated  structure.  From 
some  of  the  cells,  on  the  other  hand,  instead  of  a  single  process,  several  are 
given  off,  which,  however,  do  not  arise,  as  in  fishes,  from  the  opposite  poles 
of  the  cells,  and  with  the  further  course  of  which  we  are  still  unacquainted. 
Observations  similar  to  these  were  made  by  Kolliker  on  the  cells  of  tlie 
Gasserian  ganglion,  f 

Like  those  of  the  spinal  ganglia,  the  cells  of  the  sympathetic  ganglia  are 
invested  by  dense  coimective  tissue,  and  each  possesses  a  proper  nucleated 
capsule,  proceeding  from  and  con+inuous  with  the  sheath  of  Schwann,  cover- 
ing the  nerve  fibres  with  which  it  is  in  connection.  The  number  of  these 
last  here  also  varies  to  a  considerable  extent.  In  the  sympathetic  of  the 
frog,  which  has  been  most  frequently  examined,  there  occur,  besides  such 
unipolar  cells  as  have  just  been  described,  others  from  which  two  pro- 
cesses spring  in  close  proximity,  of  which  one  winds  spirally  round  the 
other.  Tlie  minuter  details  respectilig  the  mode  of  connection  of  these 
spiral  fibres,  which  were  first  described  by  L.  Beale  J  with  the  ganglion  cells, 
is  still  a  subject  of  dispute,  as  is  evident  from  the  conflicting  statements  of 
J.  Amold,§  Courvoisier,||  Kolliker,^  and  othei-s.  The  existence  of  multi- 
polar cells  in  the  large  ganglia  of  the  sympathetic,  though  contested  by  many, 
is  certain,  as  I  have  myself  found  such  cells  both  in  children  and  in  adults 
(fig.  40).  Unfortunately,  on  account  of  the  suiTounding  fibrous  comiective 
tissue,  it  is  impossible  to  isolate  the  processes  for  any  considerable  portion 
of  their  length. 

The  processes  in  connection  with  the  ganglion  cells  of  the  spinal  cord 
which  furnish  axis  cylinders  to  the  spinal  nerves,  those  in  the  anterior 
horns  of  the  gray  matter  proceeding  te  the  meter,  and  those  in  the  posterior 


*  Architfdr  Mikroskopm?ie  Anatomie^  Band  iv.,  p.  45. 

+  HandJmch  der  Oextebdehre,,  5.  Auflage,  p.  319. 

i  PhUoBophical  Traiisactmm,  1863,  Vol.  cliii.,  p.  539. 

J!!  Virchow'g  Arehw^  B&nde  xxviii.  and  xxxii. 

jj  Archivfur  Mikroskopuiche  Anatomie^  Band  ii.,  p.  13,  and  Band  iii, 

il  Uandbuch  der  Gewebele/ire,  5.  Auflage,  p.  254. 
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horns  to  the  sensory  nerves,  are  much  more  accurately  known.  The  re- 
•earches  of  Deiters  in  particular  have  demonstrated  that  from  every  ganglion 
cell,  however  numerous  its  processes  may  be,  only  one  peripherically  coursing 
axis  cylinder  arises.  This  runs  without  branching,  obtains,  sooner  or  later, 
a  medullary  sheath,  and  passes  into  one  of  the  roots  of  the  nerves.  It  pos- 
sesses a  fibrillar  structure,  as  I  have  myself  most  distinctly  seen,  both  in 
KDSory  and  motor  and  ganglion  cells.     The  other  processes  of  these  ganglion 

Fig.  40. 


Fig.  40.  Nerve  cells  from  a  lambar  sympathetic  ganglion  of  an  adnlt  man.  a, 
withoiit  a  sheath  ;  b^  with  a  sheath.  The  cell  substance  contains  pigment  of  a  vivid 
TeQow  tint,  and  is  consequently  darkly  granular. 

eeQs,  the  number  of  which  is  greater  in  the  large  cells  of  the  anterior  horns 
than  in  those  of  the  posterior,  branch  in  an  arborescent  manner  very  soon 
after  their  origin.  Their  structure  is  also  distinctly  fibrillar ;  but  the 
quantity  of  interfibrillar  granular  substance  they  contain  is  greater  than  in 
tike  axis  cylinder  process.  The  fine  filaments  (primitive  fibrils),  which  result 
from  their  ramification,  soon  evade  obsei*vation,  and  their  ultimate  destina- 
tion  is  unknown.  Deiters  believes  that  in  some  few  instances  he  has  ob- 
Krved  them  to  become  invested  with  a  delicate  medullary  sheath. 

The  fibiils  of  both  kinds  of  processes  arise  from  the  ganglion  cell  sub- 
stance itself^  which  exhibits  a  fibrillar  structure  throughout,  though  a  fine- 
ly granular  substance,  often  containing  yellowish  or  yellowish-brown  pig- 
ment, also  exists  between  the  fibrils ;  this  may  extend  into  the  branched 
processes,  or  after  being  interrupted  for  a  greater  or  less  extent,  may  again 
make  its  appearance  in  them.  The  fibrillar  structure  may  be  most  distinctly 
perceived  in  the  cortical  portion  of  the  ganglion  cells,  though  it  unquestiona- 
bly extends  into  the  interior.  In  many  cases,  and  especially  in  young 
rather  than  in  more  fully  developed  ganglion  cells,  a  considerable  quantity 
of  finely  granular  material  appears  to  occupy  the  interior  of  the  cell,  and 
to  surround  the  nucleus.  The  course  of  the  fibrils  within  the  ganglion  cells 
is  very  complicated ;  they  may  be  seen  passing  from  the  processes  into  the 
cell  sabcitance  in  a  divergent  manner  in  every  direction,  and  are  there  lost 
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in  the  confused  whorl  of  decussating  filaments.  This  structure  exists  in 
the  perfectly  fresh  state,  as  may  be  seen  in  the  large  cells  of  the  fresh 
^inal  cord  which  have  been  isolated  after  the  addition  of  serum,  and  is 
very  distinct  in  preparations  macerated  in  perosmic  acid  and  other  harden- 
iog  agents,  which  either  check  the  na^  ural  conversion  of  the  fibrils  after 
death  into  a  granular  mass,  or  which  do  not  produce  any  gi-anular  coagula- 
tion. 

Remak*  first  called  attention  to  this  fibrillar  sti^icture^  and  it  was  subse- 
qnently  farther  investigated  in  the  ganglion  cells  of  various  parts  by  Leydig, 
Beale,  Fronunann,  Arnold,  Kolliker,  and  myself,f  although  up  to  the  pres- 
ent time  there  has  not  been  complete  agreement  between  the  different  obser- 
vers in  regard  to  its  nature. 

In  consideration  of  the  great  difficulty  experienced  in  isolating  fresh 
ganglion  cells,  and  in  determining  their  distribution,  it  appeared  to  me 
▼orth  while  to  subject  to  severe  scrutiny,  in  the  fresh  state,  those  parts  of 
the  brain  of  the  Torpedo  in  which,  as  has  long  been  known,  large  ganglion 
cells,  similar  to  the  motor  cells  of  the  spinal  cord,  are  accumulated  in  great 
numbers.^ 

It  was  most  convincingly  shown  here  that  the  large  cells  removed  from 
the  living  animal,  and  prepared  in  serum,  in  which  they  were  capable  of 
being  easily  isolated,  possess,  both  in  their  processes  and  in  their  proper  sub- 
stance, an  exquisitely  delicate  fibrillar  structure.  In  large  specimens  the 
interfibrillar  substance  is  strongly  tinged  of  a  yellow  color,  and  is  in  some 
parts  coarsely  granular.  These  circumstances  render  the  investigation  of 
the  direction  of  the  fibres  difficult,  so  that  young  specimens  are  to  be  prefer- 
red for  examination.  Each  of  the  numerous  processes  of  these  ganglion 
cells  rect^ives  a  compound  fibril  from  the  cell  substance,  giving  the  impression 
that  the  whole  mass  of  fibrils  given  off  by  ganglion  cells  only  traverse  it. 
The  nucleus  of  these  cells  is  seen  with  a  sharply  defined  outline  lying  imbed- 
ded in  the  finely  granular  fibrillated  material,  but  does  not  appear  to  stand  in 
any  direct  connection  with  the  fibrils  which  cover  its  external  surface.  Its 
substance  is  homogeneous,  and  it  contains  in  its  interior  a  large  nucleolus 
which  stands  out  in  strong  relief  as  a  highly  refractive  spherical  body,  and 
conceals  one  or  more,  rarely  several  vacuol».  We  may  regard  such  a 
ganglion  cell,  from  which  a  peripherically  directed  nerve  fibre  proceeds,  as 
representing  the  source  and  origin  of  this  axis  cylinder,  but  only  in  the 
sense  that  the  fibrils  which  compose  the  axis  cylinder  are  collected  into  a 
group  from  the  arborescent  processes  of  the  cell ;  and  thus  the  fibrils  which 
une  seen  traversing  the  substance  of  the  ganglion  cell  do  not  originate  in  the 
cell,  but  only  undergo  a  kind  of  arrangement  in  it,  and  then  pass  to  the  axis- 
cylinder  process,  or  extend  into  the  other  branched  processes. 

The  researches  of  Deiters  have  rendered  it  probable  that  at  the  origins  of 
the  cerebral  nerves  the  groups  of  ganglion  cells  which  were  described  by 
Stilling  ander  the  term  nerve  nuclei,  contain  ganglion  cells  which  closely  re- 
semble those  of  the  anterior  and  ]K>sterior  comua  of  the  spinal  cord,  espe- 
cially in  the  circumstance  that  they  give  off  only  one  peripherically  directed 
axi»cyliuder  process,  the  remaining  processes  breaking  up  into  a  ramifica- 
tion of  primitive  fibrils. 

It  is  well  known  that  a  considerable  number  of  ganglion  cells  are  found 

*  McmUbmchte  der  Akademie  derWmensehaflen  zu  Berlin^  1858. 
t  See  KdUiker,  HajMueh  der  OewebMire.  5.  Auflage,  p.  251,  and  the  woodoat  on  p. 
275. 

t  Ob^enationes  de  Structura  ceUtdarum  fibrarumque  nervearum.  Boivner  Umver- 
tfiati-Pirofframm,  Aug.,  1«$8. 
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difltribnted  through  the  brain,  which  do  not  directly  give  origin  to  peri- 
pheiically  coursing  fibres ;  as,  for  example,  the  retort-shaped  ganglion  cells 
of  the  cortex  of  the  cerebellum,  and  the  peculiarly  shaped  cells  of  the  gray 
cortical  layer  of  the  cerebrum,  for  the  exact  description  of  which  we  are 
indebted  to  the  recent  investigations  of  Rudolph  Arndt*  and  MeyneiLf 
In  the  former,  according  to  Deiter8,J  the  azygous  process  directed  towards 
the  white  substance  of  the  cerebellum  corresponds  to  the  axis-cylinder  pro- 
cess; and  it  is  known  that  the  peripherically  coursing  processes  of  these 
cells  branch  in  an  aborescent  manner.  Other  microscopists,  as  Gerl'ach,§ 
have  observed  ramifications  occur  in  the  centrically  directed  process,  tt  is 
therefore  scarcely  justifiable,  in  the  present  state  of  our  knowledge,  to  in- 
stitute a  precise  companson  between  these  cells  and  those  which  are  found 
in  the  spinal  cord.  On  the  other  hand,  I  have  myself  seen  a  fibrillar  struc- 
ture in  these  ganglion  cells  of  the  cerebellum  and  their  peripheric  processes 
with  the  utmost  distinctness,  as,  indeed,  had  previously  been  observed  by 
Kolliker  in  their  processes,!  so  that  in  this  respect  there  does  not  appear 
to  be  any  difiTerence  between  the  two  sets  of  cells.  The  same  holds  good 
for  the  cells  of  the  gray  cortex  of  the  cerebrum.  As  Meynert  and 'Arndt 
state,  these  possess  a  thicker  peripheiic  process  and  a  large  number  of 
branched  processes,  which  are  directed  towards  the  white  substance.  The 
ganglion  cells  have  a  more  or  less  conical  form,  the  base  of  the  cone  being 
directed  to  the  white  substance,  and  sending  forth  a  number  of  processes 
which  quickly  ramify,  whilst  the  apex  of  the  cone  is  continuous  with  a 
single  longer,  thicker,  and  at  first  unbranched  process.  In  accordance  with 
the  observations  of  Meynert,  however,  I  have  seen  this  process,  which  has 
been  compared  to  the  axis-cylinder  process,  divide,  sooner  or  later,  in  a 
dichotomous  manner,  and  undergo  further  subdivision  in  cells  which  had 
been  completely  isolated  by  maceration  in  iodized  serum.  I  have  witnessed 
a  similar  division  in  the  pedunculated  ganglion  cells  of  the  Pes  hufibcampi 
nuLJor,  respecting  which  Deiters  %  was  of  opimon  that  the  thicker  process, 
constituting  the  stalk  of  the  cell,  was  an  axis-cylinder  process.  Neverthe- 
less, I  am  unable  to  admit  that  either  these  cells  or  those  of  the  gray  cortex 
of  the  brain  can,  without  further  investigation,  be  classified  with  the  multi- 
polar cells  of  the  spinal  cord.  Still  it  is  quite  true  that  the  cells  of  the 
oerebmm,  as  I  have  already  observed^  possess  an  exquisite  fibrillar  struc- 
ture, and  rather  ap|iear  as  a  point  of  junction  and  intersection  for  nerve 
fibrils  that  are  already  developed,  than  as  a  point  of  origin  for  those  which 
have  not  hitherto  been  in  existence. 

In  addition  to  the  larger  cells  of  the  cerebrum  which  have  just  been  men- 
tioned, an  enormous  number  of  smaller  cells  are  found  in  that  organ,  the 
nuclei  of  which  are  invested  by  only  a  small  quantity  of  cell  substance.  It 
has  been  demonstrated  that  some  of  these  give  off  processes,  of  which  the 
ultiniate  destination  is  certainly  not  known,  but  which  are,  nevertheless, 
sufficient  to  characterize  the  cells  as  nerve  cells,  and  to  distinguish  them 
from  the  connective  tissue  cells  that  are  undoubtedly  present  in  the  spongy 
connective  tissue  of  the  central  organs  of  the  nervous  system.  Amongst 
these  small  cells,  some  are  multipolar,  some  bipolar,  and  some  unipolar. 
They  form  thick  layers  in  the  cerebellum,  and  both  Gerlach**  and  more  re- 

*  Arehh  fur  MUcraskopUche  Anatomie^  Band  ill. ,  p.  441. 
'  Viertdjahrwhrift  fur  Ptycfiiatrie^  Bande  i  and  ii 
Loc  eit.,  p.  72. 
I  Jdikraskap.  Studim^  p.  11. 

j  ndndbuek  der  Oewebdehre^  5.  Auflage,  1867,  p.  243. 
Loc.  a«.,p.  66. 
*«  MikroBkcp.  Siudien,  Taf.  2. 
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cently  Franz  Schulze*  have  shown  that  their  processes  consist  of  immeasur- 
ably fine  fibrils.     If  we  therefore  venture  to  inquire  into  the  central  origin 

Fig.  48. 


Fig.  43.  Ganglion  cells  from  the  electric  lobes  of  the  brain  of  the  Torpedo,  me- 
dium-sized specimen,  x  600.  a,  axis-cylinder  process;  the  remainder,  arborescent 
processes,  recent.    After  short  maceration  in  serum  containing  a  little  iodine. 

•  Ueber  denfdneren  Ban  der  Rinde  des  kJ-einen  Gehinis^  *'  On  the  Minute  Anatomy 
of  the  Cortex  of  the  Cerebellum."    Rostock,  1863,  fig.  11. 
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of  the  prnnitive  fibrils  in  the  brain  and  spinal  cord,  which  appear  to  exist 
already  completely  formed  in  the  larger  ganglion  cells,  we  may  suppose  that 
it  is  from  these  extremely  small  and,  in  part  at  least,  unipolar  nerve  cells, 
though  it  must  be  admitted  that  this  is  pure  hypothesis.  In  the  present 
itate  of  our  knowledge,  however  well  we  may  be  acquainted  with  the  peri- 
pheric mode  of  termination  of  a  great  number  of  nerve  fibrils,  it  cannot  be 
asid  that  the  mode  of  central  origin  of  any  single  fibril  has  hitherto  been 
jyroTed.  We  may,  however,  conclude  from  analogy  that  the  central  ex- 
tremity is  to  be  sought  either  in  the  cell  substance  of  the  nerve  cells,  or  in 
the  nucleus,  or  in  the  nucleolus.  Observations  have  been  made  which  ren- 
der all  these  three  modes  of  central  termination  of  the  nerve  fibrils  probable ; 
but  no  perfectly  satis&ctory  conclusion  can  be  said  to  have  been  as  yet  at- 
tained on  this  point ;  and  it  is  even  conceivable,  according  to  my  obsei*va- 
tions,  that  there  is  no  actual  termination  of  the  fibrils  in  the  brain  or  spinal 
cord ;  in  other  words  that  all  fibnls  originate  at  the  periphery,  and  thus 
only  traverse  the  ganglion  cells. 

The  qnestion  of  the  relation  of  the  nerve  fibres  to  the  ganglion  oells  appears,  from 
what  has  been  stated  above,  to  be  stlLl  an  open  one  on  certain  points.  If  the  view 
kmg  ago  entertained,  especially  by  Valentin,  that  the  nerve  fibres  only  coil  ronnd  tiie 
gallon  oells,  and  do  not  enter  into  more  direct  connection  with  them,  is  opposed  by 
the  brilliant  investigations  of  Remak  and  Helmholts,  still  the  question  of  the  centric 
mode  of  origin  of  the  nerve  fibres  has  not  yet  been  thoroughly  solved.  It  is  obvious 
that  the  mere  inteiraption  of  a  nerve  fibre,  in  some  part  of  its  course  by  a  bipolar 
gaagtion  cell,  as  was  so  beautifully  described  and  delineated  by  Bidder  in  1847,  af- 
foids  no  information  respecting  its  centric  origin.  Such  a  ganglion  cell  is  to  be  re- 
gaided  as  composed  essentially  of  only  a  nucleated  enlargement  of  the  axis  cylinder. 
If  we  pass  to  a  more  central  portion  of  the  nervous  qrstem,  we  meet  with  the  multi- 
polar ganglion  oells  of  the  spinal  oord,  or  of  the  medulla  oi>longata,  from  which,  ac- 
oording  to  the  important  discovery  of  Deiters,  the  axis  cylinder  of  the  fibre  in  ques- 
tion proceeds  as  an  undivided  process.  The  numerous  other  processes  of  the  cell 
eonneot  it,  and  by  its  means  the  axis  cylinder,  with  more  distant  regions  of  the  central 
oifuis,  and  probably  also  of  the  periphery  of  the  body,  but  dearly  do  not  entitie  us 
to  regaid  Uie  ganglion  cell  as  the  exclusive  origin  of  the  nerve  fibre.  If  we  compare 
the  axis-cylinder  process  with  the  stem  of  a  plant  and  its  divisions,  and  the  peripheric 
terminal  organs  with  the  branches,  leaves,  and  flowers,  the  ganglion  cell  is 
equivalent  to  the  root  stock,  and  the  faranched  processes  to  the  subterranean  root 
fibres.  It  is  requisite  to  follow  these  out  in  order  to  arrive  at  the  extremity  opposite 
to  the  peripheric  termination.  In  consequence  of  the  evidence  I  have  adduced  of  the 
exquisitely  delicate  fibrillar  structure  of  the  ganglion  cell  substance,  and  of  all  its 
pmoesses,  a  path  is  opened  by  which  we  may  investigate  the  true  central  terminations 
ot  the  fibrils  entering  into  the  composition  of  the  axis  cylinder.  Unfortunately,  the 
iBdindnal  fibrils  within  the  substance  of  the  cells  escape  all  accurate  observation. 

The  above  comparison  of  the  ganglion  cells  and  their  processes  with  the  root  stock, 
rtem,  and  root  fibres  of  a  plant,  is,  after  aU,  like  most  comparisons,  only  an  imper- 
fect one.  The  branched  processes  of  a  multipolar  ganglion  cell,  such,  for  instance, 
as  may  be  fonnd  in  the  anterior  horn  of  the  spinal  cord,  have  certainly  not  all  been 
Mtirfactorily  aooertained  to  pass  as  primitive  fibrils  to  the  axis-cylinder  process ;  but 
nther  this  receives  only  a  single  grroup,  the  remainder  extending  as  branched  processes 
a  other  directions.  Thus  the  ganglion  cell  constitutes  a  common  point  of  union  of 
luunezons  sepazate  fibrils  proceeding  from  widely  different  regions  of  the  nervous 
sjstem ;  and  whilst  one  of  these  associated  bundles  becomes  the  axis  cylinder  of  a 
ibre,  and  after  becoming  invested  by  a  medullary  sheath,  immediately  runs  perlpher- 
icaiij.  the  others  pass  in  unknown  directions. 

It  remains  to  omisider  whether,  admitting  that  a  large  number  of  the  fibrils  are 
■heady  formed,  and  only  traverse  the  ganglion  cells,  there  may  not  be  some  which  do 
actually  originate  in  these.  In  regard  to  this  point,  the  interfibriUar  gfranular  sub- 
stance is  fir^t  to  be  noticed,  which  is  probably  a  residue  of  the  embryonic  protoplasm, 
bj  the  agency  of  which  the  fibrils  are  differentiated ;  a  substance  which  possibly  re- 
Buuns  in  greater  abundance  in  the  immediate  vicinity  of  the  nucleus,  and  there  re- 
tsinB  a  power  allied  to  that  which  it  possessed  when  in  the  embryonic  state.  Tet, 
however  probable  it  may  appear  that  the  several  fibres  arise  in  and  from  this  substance, 
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no  obseryatlons  have  as  yet  been  made  which  establish  it  with  perfect  certainty.  An- 
other mode  of  origin  of  new  fibrils  or  thicker  fibres  from  the  ganglion  cells  has,  on 
the  contrary,  been  suggested  by  yarions  observers.  Since  Harless  *  stated  that  the 
nuclei  and  the  nucleoU  of  the  large  cells  of  the  brain  of  the  torpedo  were  the  points 
of  origin  of  the  nerve  fibres,  the  same  view  has  been  entertained  by  many  othetB  in 
regard  to  other  g^anglion  cells,  and  especially  for  those  of  the  sympathetic  of  the  frog, 
as  in  the  first  instance  by  Axmaun,  Lieberkiihn,  and  Wagner,  and  subsequently  by 
Beale,  Arnold,  Frommann,  Jolly,  and  Courvoisier.  But  it  was  noticed  by  Frommann 
and  Arnold  f  as  occurring  also  in  the  cells  of  the  spinal  cord  and  in  those  of  the  brain ; 
and  Meynert  stated  that  the  nuclei  and  the  nucleoli  were  centres  for  fibres,  the  fine- 
ness and  delicacy  of  which  render  them  comparable  to  our  primitive  fibrils.  I  agree 
with.Kolliker  and  others,  however,  in  the  statement  that  this,  at  least,  is  not  the 
ordinary  condition,  and  I  have  not  been  more  successful  than  Kolliker  in  obtaining 
any  positive  evidence  of  such  a  mode  of  origin  of  the  fibres  in  question. 

Although  anastomoses  occur  between  adjoining  ganglion  cells,  it  is  a  matter  of 
much  difficulty  to  acquire  any  certain  information  respecting  the  constancy  or  fre- 
quency of  their  occurrence.  As  there  are  ganglion  ceUs  with  two  nuclei,  like  those, 
for  example,  that,  according  to  Guye  and  Schwalbe,  are  constantly  met  with  in  the 
sympathetic,  and  oocasionaBy  in  the  brain  of  the  rabbit,  so  we  may  refer  one  form 
of  the  anastomoses  occurring  between  ganglion  cells  to  the  type  of  bi-nucleated  cells ; 
those,  namely,  in  which  a  short  thick  bridge  imites  two  nucleated  corpuscles  with 
one  another.  Such  anastomoses  have  recently  been  described  by  Meynert,  £.  Amdt, 
and  Besser,  as  they  are  seen  in  the  cortex  of  the  cerebrum.  They  appear,  however, 
to  occur  but  rarely.  The  numerous  anastomoses  supposed  to  take  place  between 
the  large  ganglion  cells  in  the  nuclei  of  origin  of  various  nerves  in  the  spinal  cord  and 
medulla  oblongata,  and  depicted  amongst  others  by  Schruder  v.  der  Kolk  and  Len- 
hossek,  have  long  been  recognized  as  illusions.  Other  anastomoses  between  the  gang- 
lion cells  of  the  various  cortical  layers  of  the  brain,  which  are  stated  to  occur  l^ 
Meynert,  reqture  further  corroboration.  It  is  quite  a  matter  of  doubt  whether  we 
shaJl  ever  be  able  to  observe  those  anastomoses  between  ganglion  cells  which  result 
from  the  union  of  the  finest  outrunners  of  the  branched  processes,  since  the  most  care- 
fully conducted  methods  of  isolation  adopted  by  Deiters  have  only  led  to  negative  re- 
sults. Nor  have  my  own  numerous  researches  on  the  ganglion  cells  of  the  electric 
lobes  of  the  torpedo,  which  are  admirably  adapted  for  this  investigation,  been  more 
fortunate ;  for  although  Hud.  Wagner  long  ago  stated  that  anastomoses  could  here 
be  distinctly  seen,  I,  notwithstanding  the  employment  of  better  modes  of  isolation, 
have  been  unable  to  discover  a  single  instance  of  their  occurrence.  Lastly,  an  inter- 
esting accession  to  our  knowledge  of  the  terminations  of  the  nerves  may  here  be 
noted,  with  which  I  have  become  acquainted  whils£  these  sheets  were  passing  throug^h 
the  press.  Paul  Langerhans  found,  as  he  has  described  in  Virchow's  ArcM-v,  Band 
xliv.,  p.  825,  and  depicted  in  the  twelfth  plate  of  that  volume,  that  processes  of  the 
non-medullated  fibres  of  the  cutis  in  man  penetrate  between  the  cells  of  the  rete 
Malpighii,  exactly  in  the  same  way  as  has  been  described  (p.  164)  by  Hoyer  and 
Cohnheim  as  the  mode  of  termination  of  the  nerves  in  the  cornea.  These  nerve  fibrils, 
however,  do  not  terminate  by  free  extremities ;  but  enter,  as  is  rendered  highly 
probable  by  Langerhans,  in  all  instances,  into  small  cells  lying  between  the  deeper 
cells  of  the  rete  muoosum,  which  again  give  off  several  fine  fibrous  outrunners  into 
the  upper  layers ;  and  these  finally  terminate  with  slightly  clubbed  extremities  just 
beneath  the  homy  layer.  These  nerve  fibres  have  no  connection  with  the  tactile  cor- 
puscles. By  means  of  these  observations,  which  supplement  those  of  Tomsa  and 
others  respecting  the  mode  of  termination  of  the  nerves  in  the  corium  in  several  im- 
portant particulars,  the  intimate  connection  between  the  terminations  of  the  nerves 
and  the  epithelial  layers  in  the  skin  of  man  has  been  demonstrated,  which,  since  the 
year  1856,  has  been  gradually  shown  to  occur  in  all  the  other  organs  of  sense,  although  it 
was  in  the  first  instance  received  with  so  much  mistrust.  Thus  one  more  argiunent 
in  favor  of  nerve  plexuses  representing  the  terminal  structure  falls  to  the  ground. 

♦  MiiUer's  ArcMv,  1846,  p.  317,  Taf.  lo! 

f  Arnold,  in  Virchow's  Archiv^  Band  xli.,  Taf.  4. 
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CHAPTER  IV. 

THE  TISSUE  OF  THE  OKGANIO   MUSCLES. 

By  J.  ARNOLD. 

The  constituents  of  this  tissue  are  fusiform  contractile  fibres,  connective 
tissue,  and  cement,  with  vessels  and  nerves. 

FoRX  AND  Gekeral  CHARACTERISTICS. — Fusiform  fibres  of  this  tissue  ai*e 
sometimes  designated  as  smooth  muscular  fibres,  or  as  contractile  or 
muscular  fibre  cells ;  and  when  examined  in  an  isolated  and  uncontracted 
condition,  appear  as  sub-cylindrical  fibres,  generally  with  two  or  more  flat- 
tened sides,  and  occasionally  in  the  form  of  flattened  oval  plates.  They  for 
the  most  part  resemble  a  spindle,  being  slightly  swollen  near  the  centre,  and 
pointed  towards  each  extremity  (fig.  44) ;  but  the  thickest  part  is  fre- 
quently not  quite  centrally  situated,  being  neai*er  to  one  end  than  to  the 
other  (fig.  45). 

In  many  instances  the  extremities  of  the  fibres  are  not  single,  but  more 
or  less  divided,  so  that  processes  are  given  off  from  one  or  both  poles ;  and 
in  accordance  with  the  depth  to  which  the  division  extends,  the  length, 
form,  and  relative  position  of  these  processes  vary  (fig.  46).  Thus,  when 
the  depth  is  slight,  they  are  small,  short,  and  more  or  less  parallel  to  one 
Another ;  when,  on  the  other  hand,  it  is  considerable,  they  are  long,  broad, 
and  divei^e  from  each  other  almost  at  right  angles.  This  forking  of  the 
moscuUr  fibres  occurs  especially  in  those  places  where  the  fasciculi  are  ar- 
nmged  in  the  form  of  a  network,  and  may  properly  be  regarded  as  peculiar 
to  this  variety  of  the  tissue.  Such  fibres,  at  all  events,  occur  very  frequently 
in  the  urinary  bladder  of  the  frog,  at  the  points  of  intersection  of  the 
fittdculi. 

The  snr&ces  of  the  muscular  fibres,  as  well  as  their  borders,  are  gener- 
sl!y  smooth ;  the  latter  are,  however,  occasionally  slightly  serrated,  and  the 
former  are  sometimes  uneven, — appearances  which,^  like  the  curving  of  the 
ends,  must  be  regarded  as  consequences  either  of  manipulation  in  the  prep- 
aration of  the  specimen,  or  as  post-^Tnortem  changes. 

Another  explanation  must,  however,  be  given  of  the  transverse  stri«, 
which  occur  in  considerable  numbers,  and  at  regular  distances,  on  one  or 
both  sides  of  the  fibres.  These,  from  the  concordant  results  of  the  observa- 
tions of  MeiBsner  *  and  Heidenhain,  f  are  probably  to  be  regarded  as  phe- 
nomena of  conti-action. 

The  length  of  the  fibres  varies  from  0 '045— 0*230  millimetres;  the  mean 
length  is  from  0-084— 0*089  millimetres;  the  breadth  0-004— 0*01  miUi- 
metrea. 

Structure  op  the  smooth  Muscular  Fibres. 

The  substance  of  the  muscular  fibre  cells  examined  in  serum  whilst  per- 
fectly fresh  has  a  dull  appearance,  except  at  the  edges,  which  are  frequently 
somewhat  clearer.     In  many  specimens  no  further  indications  of  structure 


*  Zeitsehiiftfur  ratioTteUe  Median,  Band  ii.,  1858. 
f  StucUen  de%  Phynologitchen  In^itut^^imi. 
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are  perceptible,  but  in  others  there  is  a  more  or  less  distinct  longitudinal 
stria tion,  which  is  often  particularly  obvious  near  the  extremities,  and  is 
rendered  still  clearer  by  the  addition  of  a  few  drops  of  a  0*01  per  cent,  so- 
lution of  chromic  acid,  or  of  solution  of  gold  containing  0*1  per  cent. 

Fig.  45. 


Fig.  46. 


Fig.  44.  Muscular  fibres  treated  with  semm.  Fig.  45.  Muscular  fibres  from  Uie 
muscular  tissue  of  the  intestine,  isolated  by  means  of  nitric  acid.  Fig.  46.  DichotO' 
mously  divided  muscular  fibres  from  a  pleuritic  membrane. 

(fig.  44).  In  many  fibres,  dark,  highly  refractile  granules  are  imbedded  in 
various  pai-ts,  apparently  without  any  definite  arrangement.  These,  which 
disappear  on  the  addition  of  alcohol,  are  not  to  be  confounded  with  the 
granules  that  are  commonly  found  at  the  two  ends  of  the  nucleus.  The 
latter  form  pyramidal  rows  extending  for  a  greater  or  less  distance  from  the 
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poles  of  the  nucleus  to  which  their  bases  are  applied  towards  the  ends  of 
the  fibres  to  which  their  apices  point.  These  granules  are  imbedded  in  a 
substance  which  has  likewise  the  form  of  a  pyramid,  and  is  differentiated 
from  the  adjoining  material  by  its  greater  transpareucy  when  examined  by 
tnmsmitted  light.  In  many  fibres  a  second  line  is  to  be  observed,  which 
lies  at  some  distance  froin,  and  not  quite  parallel  to,  the  margin.  This 
forms  the  line  of  demarcation  between  an  external  darker  and  an  inteiTial 
clearer  and  brighter  layer.  A  similar  differentiation  of  parts  may  be  dis- 
eerned  on  examining  the  tiunsverse  section  of  a  fibre  in  which  the  cortical 
layer  appears  as  a  dark  ring  investing  the  remaining  brighter  portion.  The 
outer  contour  of  this  is  always  distinctly  marked,  but  its  inner  is  never 
very  sharply  defined.  The  thickness  of  the  cortical  layer  varies,  and  in 
many  fibres  it  is  altogether  absent. 

Mazgo  *  gave  a  description  of  certain  email  points  arranged  serially  in  the  interior 
of  the  fibre  cells,  and  separated  from  each  other  by  minnte  intervals ;  whilst  Wage- 
osrf  flnt  described  the  distinct  longitudinal  striation  that  gives  the  impression  of  a 
fibriOar  anangement  near  the  extremities  of  the  fibres.  The  rows  of  granules  ex- 
tending  from  the  poles  of  the  nndeua  were  fiiist  mentioned  by  KlebB,^  and  subse- 
qneiitty  by  Frankenhauser  §  and  Wagener.  | 

Nucleus. —  Oeneral  form  and  size, — The  nucleus  of  the  fibre  cells  i» 
generally  single,  very  rarely  multiple,  always  distinctly  rod-shaped,  and 
either  rounded  at  the  ends  or  pointed.  It  is  occasionally  curved  or  spirally 
convoluted.  On  transverse  section  the  nucleus  appears  either  round  or  sub- 
uigular.  It  invariably  occupies  the  iusiform  enlargement  of  the  fibre,  but 
its  position  in  regard  to  the  transverse  diameter  is  less  constant,  since  on 
section  it  is  sometimes  seen  to  lie  in  the  middle  of  the  ring  formed  by  the 
tnasverse  section  of  the  fibre,  and  sometimes  near  the  margin.  Moreover, 
the  nndeuB  aometimes  lies  obliquely  in  relation  to  the  axis  of  the  fibre  cell. 
The  length  of  the  nucleus  varies  from  0*015 — 0*022  millimeti*es,  and  its 
diameter  from  0-002^0*003  ndllimetres. 

Stbuctubb  or  the  Nucleus. — In  perfectly  fresh  muscular  fibres  treated 
vith  serum  the  nucleus  may  indeed  be  perceived,  but  its  contour  is  not 
very  well  defined ;  on  the  addition,  however,  either  of  chromic  acid  (0*01 
percent),  acetic  acid  (1  per  cent.),  or  solution  of  chloride  of  gold  (0*1  per 
cent.),  the  contours  become  sharp  and  dark,  whilst  the  previously  homoge- 
aeoQs  oonteikts  appear  finely  granular.  In  the  substance  of  many  nuclei, 
especially  when  treated  with  serum  and  chloride  of  gold,  but  less  distinctly 
^th  acetic  acid,  there  may  be  observed  from  two  to  four  large  (from  0*001 
— 01X)2  millimetres)  highly  refractile  round  granules  {hg,  44).  If  one  only 
be  preaent,  it  lies  near  the  centre,  or  frequently  somewhat  nearer  to  one  of 
tlie  poles  of  the  nucleus.  If,  on  the  other  hand,  two  are  present,  they  are 
citnated  at  the  two  ends  of  the  nucleus.  These  granules  are  most  distinct 
in  transverse  sections  of  the  nucleus,  and  are  then  seldom  absent.     They 

•  NeuA  Unlertuehungm  fiber  die  Entmckdung^  da*  Wachsthum  und  den  Ban  der 
M\ukHfa§em,  "  Recent  Investigations  on  the  Development.  Qrowth,  and  Structure 
of  Mnacolar  Fibres,*'  1859. 

t  SUtungtberiekte  der  QeedMutft  rur  Beforderung  der  geaammten  Ndturtnasen- 
f^/Un,  No.  10,  1850. 

t  Yiichow's  Archiv.'Baxid  xxxiL,  1866. 
^  ( IK0  Nerten  der  OebdrmuUer  und  ihre  Bndigungen  in  den  Olatten  Muekdfaeem^ 
*^The  Nerves  of  the  Uterus,  and  their  Mode  of  Termination  in  smooth  Muscular 
Khres,"  1887. 

\Loc.  at. 
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may  also  be  perceived  in  association  with  isolated  nuclei,  and  in  such  cases 
they  either  lie  close  to  the  surface  of  the  latter,  or  project  more  or  less  from 
its  margin. 

Frankenhauser  *  has  paid  particular  attention  to  the  stniotare  of  the  nadeos  ;  and 
although  Hessling  f  had  previously  noted  the  existence  of  a  nucleolus  in  the  interior 
of  the  nucleus,  Frankeuhauser  first  stated  that  it  was  an  essential  and  a  never-failing 
constituent.    Piso-Borme  X  also  observed  the  presence  of  nucleoli 

Connection  and  Arrangement. — ^The  contractile  fibre  cells  are  united 
into  fasciculi  or  membranes  of  various  size,  through  the  intervention  of  a 
connecting  material.  The  fibres  are  so  arranged  that  the  ends  of  two  or 
more  are  inserted  between  the  diverging  extremities  of  two  which  touch  at 
their  dilated  middle  portion,  an  arrangement  by  which  an  intimate  union  of 
the  several  structures  is  effectt*d.  In  cabes  where  the  greater  number  of  the 
fibres  are  superimposed  by  their  flat  surfaces,  a  membrane  is  formed,  con- 
sisting of  one  or  many  layers,  the  fibi*es  for  the  most  part  preserving  the 
same  direction  in  each  layer,  though  they  may  pursue  very  different  direo- 

Fig.  47. 


t 


Fig.  47,  Transverse  section  of  the  longitudinal  fibrous  layer  of  the  intestine  of  a 
Frog  :  Fig.  48,  transverse  section  of  muscular  bundles  from  the  uterus  of  a  Sheep; 
Fig.  40,  muscular  trabeculse  from  the  urinary  bladder  of  a  Frog,  treated  with  acetic 
acid. 

tions  if  several  layers  be  present.  Where  the  fibres  are  united,  not  in  one, 
but  in  several  directions,  fasciculi  of  fibres  are  produced.  These  vary  in 
length  and  thickness,  and  either  run  pai^allel  to  each  other,  or  cross  at  a 


♦  Loe.  dt. 
\  Oewebele 
^  Molesohott's  Untersuchungen,  Band  iz.,  1860. 


t  Gewebdehre,  1866. 
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more  or  less  acute  angle,  or,  lastly,  present  a  plexiform  arrangement,  and 
frequently  anastomose.  It  is  from  these  differences  in  tlie  dii'ections  taken 
by  the  fihrea,  and  in  their  mode  of  union,  that  the  irregulaiities  observed 
m  section  result.  For  if  the  section  be  carried  transversely  through  a  por- 
tion of  the  tissue  in  which  the  muscular  fibres  run  parallel,  round  or  sub- 
angular  rings,  lying  in  close  proximity,  are  met  with,  presenting  a  central 
or  laterally  situated  transversely  divided  nucleus  ;  whilst  if  the  bundles  of 
fibres  run  in  various  directions,  transverse  and  oblique  sections  of  the  fibres 
md  nuclei  appear  (figs.  47  and  48).  The  quantity  of  connecting  substance 
is  sometimes  very  sparing,  so  that  the  surfaces  of  the  fibres  are  in  almost 
direct  contact,  or  are  sepai-ated  only  by  very  thin  layers  or  columns  of  the 
connecting  substance.  Occasionally,  however,  it  is  more  abundant.  In  the 
former  case  the  muscular  fibres  appear,  on  transverse  section,  as  closely 
compressed  polygonal  areas ;  in  the  latter,  as  roundish  spaces,  between 
which  are  more  or  less  broad  laminae  of  the  connecting  substance.  This 
material  is  homogeneous,  except  that  it  contains  numerous  pale  branched 
cells,  the  processes  of  which  intercommunicate,  and  also  a  moderate  number 
of  dark,  highly  refiractile  granules,  O'OOl  to  0*002  millimetres  in  diameter, 
which  are  always  visible.  They  sometimes  lie  in  the  centre  of  the  connect- 
ing material,  sometimes  close  to  the  borders  of  the  spindle-like  expansion 
of  the  fibre  cells.  They  closely  resemble  the  gi-anules  of  the  nucleus.  In 
^Kcimens  treated  with  solutions  of  chloride  of  gold  they  present  a  dark 
violet  tint,  and  are  always  much  darker  than  other  parts  of  the  connecting 
tttbstanoe  (fig.  49). 

Both  the  muscular  fasciculi  and  the  membranous  expansions  are  invested 
both  externally  and  internally  by  connective  tissue,  which,  for  the  most 
part,  is  distinctly  fibrillar,  and  contains  loose  fibres  of  connective  and  elastic 
tissue.  By  means  of  this  the  several  lamina)  are  united  into  a  membrane, 
and  the  fibres  into  fasciculL  The  latter  are  sometimes  so  combined  as  to 
form  a  tough,  dense,  flattened  or  roimdish  mass,  which,  as  Treitz*  has 
shown,  fulfils  the  office  of  a  tendon. 

Vessels. — The  layera  of  the  connective  tissue  investing  the  fasciculi  and 
membranes  of  organic  muscular  tissue,  are  tiu versed  by  numerous  arteries 
of  various  size,  which  break  up  into  a  network  of  capillaries,  from  which 
igun  the  veins  take  origin.  These,  like  the  arteries,  run  in  the  investing 
connective  tissue ;  but  the  capillaries  penetrate  the  muscular  layers.  The 
meshes  of  the  capillary  plexus  are  of  moderate  width,  and  are  sometimes 
elongated,  and  at  others  round  or  rhomboidal.  The  vessels  themselves  pre- 
sent no  important  peculiarities. 

Kestbs. — In  all  organs  or  part  of  organs,  in  the  composition  of  which  the 
oiganic  muscular  tissue  plays  an  important  r6le,  and  apart  from  differences 
oocnrring  in  particular  instances,  a  similar  an^ngement  of  the  nerves  is  to 
be  found.  The  different  nerve  fibres  contain  a  variable  number  of  dark- 
edged  and  pale  nerve  tubules.  Of  these,  the  former  present  the  features 
characteristic  of  the  meduUated  fibres,  vary  in  size,  and  are  usually  the 
moat  abundant.  There  are,  however,  a  few  fasciculi,  which  chiefly  consist 
of  the  pale  fibres,  and  contain  but  a  small  number  of  the  dark-edged  va- 
riety. The  former  appear  as  fine  glistening  filaments,  gf  from  O'OOIS  to 
0*0023  millimetres  in  breadth,  with  here  and  there  a  nuclear  enlargement  of 
0K)03  to  0*005  millimetres  in  diameter,  a  peculiarity  which  at  once  enables 

•  Prager  Viertdfahre88ehnft,  Band  i,  1858. 
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tbem  to  be  distinguished  from  even  the  finest  doubly  contoured  fibre.  The 
fasciculi  thus  composed  of  pale  and  dark-edged  fibres,  lie  in  the  connective 
tissue  surrounding  the  muscle  bands  or  membranes,  and  form  wide-meshed 
flat  plexuses,  in  which  the  adjoining  fibres  cross  and  interchange  from  one 
plexiform  layer  into  another.  In  the  plexus  formed  by  the  larger  nerves 
(princixxd  or  faundamental  plexus)  ganglion  cells  lie  scattered,  which  are 
often  collected  into  microscopic  ganglia;  and  from  the  same  plexus  fibres 
are  given  oflT,  which  are  at  first  dark-edged,  but  subsequently  assume  the 
form  of  broad  pale  bands.  These  present  a  fine  longitudinal  striation,  with 
nuclei  at  various  distances,  which  are  sometimes  smaller  than  the  fibres, 
and  at  others  cause  their  edges  to  project.  The  pale  fibres  are  from  0*004 
to  0*005  millimetres  in  breadth,  and  their  nuclei  have  about  the  same  di- 
ameter. After  running  for  a  certain  distance  they  rapidly  diminish  in  size, 
and  split  into  finer  glistening  fibres,  which  have  miclear  enlargements  and  a 
diameter  of  from  0*0018  to  0*0023  millimetres,  and  are  similar  to  those  con- 
tained in  the  fasciculi.  These  fibi*es  form  plexuses  with  meshes  of  moderate 
size,  and  of  rhomboidal  or  elongated  shape.  Bodies  resembling  nerve  oelhi 
or  nuclei  with  distinct  nucleoli  occupy  the  points  of  junction.  Pale  fibres, 
proceeding  directly  from  the  main  or  fundamental  plexus,  enter  into  this 
plexus.  The  network  of  pale  fibres,  just  described,  lies  immediately  upon 
or  beneath  the  muscular  laminss,  embraces  the  muscular  bundles,  and  prob- 
ably intercommunicates  freely  with  the  fibres  proceeding  from  the  funda- 
mental plexus  to  form  an  intermediate  plexus  (fig.  51).  In  the  larger 
muscular  fasciculi,  portions  of  the  intermediate  plexus  are  sometimes  found 
within  the  layers ;  but  in  general  the  ari*angement  above  described  is  that 
which  obtains.  Fine  fibres  are  given  off  from  the  intermediate  plexus, 
which  penetrate  between  the  muscular  fibres,  and  at  the  points  of  divifiion. 
still  present  nuclear  enlargements,  though  these  are  subsequently  absent^ 
the  fibres  at  the  same  time  becoming  rapidly  attenuated  (fig.  50).  After 
they  have  undergone  repeated  division,  they  appear  as  fine,  cylindrical,  dark 
filaments,  of  from  0*0003  to  0*0005  millimetres  in  diameter.  These  contain, 
both  in  their  course  and  at  their  points  of  division,  dark  granules  of  round, 
elliptical,  or  polygonal  form,  which,  by  their  somewhat  larger  size  (0*001  to 
0*0018  millimetres)  and  brighter  appearance,  serve  to  indicate  the  course  of 
the  fibres  (figs.  50  and  51).  They  are  tolerably  distinct  in  preparations  mois- 
tened with  serum ;  but,  as  has  already  been  stated  in  the  description  of  tJie 
connecting  substance,  the  delicate  plexus  formed  by  the  fibres  is  not  very 
perceptible  without  the  addition  of  other  reagents.  The  delicate  fibres 
bearing  nuclei,  which  have  just  been  described,  unite  with  one  another  to 
form  very  delicate  networks,  which  traverse  the  connecting  substanoe 
occupying  the  interstices  of  the  muscular  fibres,  and  are  seen  winding  round 
the  fibres  in  the  form  of  delicate  dark  lines,  interrupted  with  nuclear  en- 
largements, and  constitute  the  vntrorTnuscvlar  plexus.  Transverse  sections 
of  frozen  portions  of  muscle  treated  with  serum  and  chloride  of  gold  permit 
these  fine  nuclei-bearing  fibres,  with  their  relations  to  the  connecting  sub- 
stance on  the  one  hand,  and  with  the  muscular  fibi*es  on  the  other,  to  be 
readily  perceived  (fig.  52).  From  the  intra-muscular  plexus,  and  chiefly 
in  the  vicinity  of  the  spindle-like  enlargements  of  the  muscular  fibres,  dark 
peculiarly  stiff  filaments  proceed,  having  a  diameter  of  0*00015  to  0*0002 
millimetres.  These  i)enetrate  into  the  interior  of  the  fibres,  and  extend 
towai*ds  the  nucleus.  Several  of  these  filaments,  or  one  only,  in  acoordanoe 
with  the  number  of  granules  in  the  nucleus,  may  penetrate  the  muscular 
fibre  from  different  sides ;  but,  whatever  may  be  their  number,  they  all  pass 
towards  the  granules  of  the  nucleus,  which  might  therefore  be  regarded  as 
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Fig.  50. 


Fig.  51. 


Fig.  52. 


Fig.  50.  Nerre  ramificatioiis  and  terminations  in  a  mnscnlar  fascionloB  taken  from 
die  Yixiiiaiy  bbidder  of  the  Frog  (prepared  in  chloride  of  gold  solution).  Fig.  51. 
B«rfe  lamii&cation  in  the  mnscnlar  coat  of  a  small  artery  (prepared  in  aoetic  acid,  1 
per  cent ,  and  chromic  acid,  1  -100th  per  cent. ).  Fig.  52.  Ramification  of  the  nerve  as 
ikomn.  on  a  traiwTezse  section  of  mnscnlar  fasciculi  from  the  uterus  of  a  Sheep. 
{Tlw  section  was  made  from  a  portion  of  frozen  muscle  which  had  afterwards  been 
tntted  wtth  0*01  per  cent  of  chromic  add.) 
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the  extremities  of  the  fibres,  were  it  not  that  in  many  cases  thej  again  gave 
off  filaments,  which,  traversing  the  substance  of  the  nucleus  and  of  the 
muscular  fibre  in  the  opposite  direction,  enter  the  intra-muscular  plexus. 
Consequently  these  granules  are  not  the  free  ends  of  the  smallest  nerve 
fibres,  but  only  the  nodal  points  of  the  finest  nerve  plexus  lying  within  the 
nucleus.  The  best  demonstration  of  these  relations  also  is  to  be  obtained 
from  ti*ans verse  sections  (fig.  52). 

After  Klebs*  had  in  the  first  instance  recognized  that  an  intimate  relation  existed 
between  the  finest  nerve  filaments  and  the  substance  of  the  muscular  fibres,  it  was 
shown  by  Frankenhanser  f  that  the  former  penetrated  into  the  interior  of  the  latter, 
and  proceeded  to  the  grannies  of  the  nnclens,  to  which  he  applied  the  name  of 
nuclear  corpuscles  (Nucleoli,  Kemkorperchen).  The  statements  above  made  are  the 
result  of  careful  investigations  which  I  have  elsewhere  more  fully  reported. .  As  re- 
gards the  relations  of  the  finest  nerve  filaments  to  the  substance  of  the  muscular 
fibre  and  its  nucleus,  as  well  as  to  the  intra-nudear  gp:anule8,  I  coincide  with 
Frankenhanser.  On  the  other  hand,  I  was  unable  to  recognize  the  actual  extremities 
of  the  nerve  fibres  in  the  granules  of  the  nucleus  :  they  rather  appear  to  me  as  nodal 
points  of  the  finest  nerve  plexus  lying  in  the  interior  of  the  nucleus. 

Distribution. — Smooth  muscular  fibres  are  widely  distributed  through 
the  body.  In  the  organs  of  respiration  they  are  seen  to  form  layers  of 
circular  fibres  in  the  posterior  wall  of  the  trachea,  and  in  the  bronchi. 
Their  presence  in  the  walls  of  the  alveoli  of  the  lungs  in  man  and  mammals 
is  still  doubtful,  being  admitted  by  some  observers,  whilst  it  is  denied  by 
others.  Muscular  fibres  are,  however,  certednly  present  in  the  alveoli  of 
the  lungs  in  infants,  and  in  the  lung-sacs  of  the  frog,  salamander,  and 
triton. 

In  the  alimentary  canal,  smooth  muscular  fibres  form  membranes,  which, 
are  to  be  found  from  the  lower  part  of  the .  oesophagus  to  the  os(tremity  of 
the  large  intestine.  They  also  form  a  proper  layer  in  the  mucous  membrane, 
the  so-called  rnvscvJaris  mucosa^  and  in  the  small  intestine  extend  from 
thence  into  the  villi.  The  exci-etory  ducts  of  many  glands  possess  a  proper 
muscular  layer,  as  may  be  seen  in  the  pancreatic  duct  of  the  Oz^  Cat,  Pigeon, 
and  Carp. 

According  to  Tobien,  the  ducts  of  all  the  salivaiy  glands  contain  muscular  fibres ; 
but  Kolliker  only  saw  a  few  in  Wharton^s  duct,  and  Henle  but  a  few  in  Steno^s  duct ; 
whilst,  according  to  Eberth,  they  are  not  present  in  the  ducts  of  the  salivaiy  glanda 
generally. 

Smooth  muscular  fibres  are  also  found  in  the  lymphatic  glands,  and  in  the 
spleen.  Opinions  are,  however,  divided  in  regard  to  the  distribution  of  the 
muscular  tissue  in  the  latter.  In  man,  muscular  fibres  are  contained  in  the 
capsule  of  the  spleen ;  and  some  also  maintain  that  they  are  present  in  the 
trabeculsB.  The  quantity  of  smooth  muscular  fibres  in  the  capsule  of  the 
spleen  in  various  animals  differs  to  a  considerable  extent.  They  are  very 
abundant  in  the  porpoise,  hedgehog,  dog,  cat,  pig,  mole,  rat,  and  rabbit,  but 
exist  only  in  small  quantity  in  the  ruminants  and  in  apes.  In  the  pig,  dog, 
ass,  sheep,  rabbit,  horse,  hedgehog,  guinea-pig,  peccary,  bat,  and  cat,  again, 
nearly  cdl  the  trabeculse  contain  muscular  fibres ;  but  in  some,  as  the  ox, 
these  fibres  are  only  present  in  the  more  delicate  trabeculsa.  Smooth  mus- 
cular fibres  are  also  found  in  the  walls  of  the  gall-bladder,  in  the  cystic  duct| 

*  Loe.  dt, 

t  -^  Nervm  der  GebdrmtUter  und  ihre  Endigungen  in  dm  GlatUn  MuskHfas&m^ 
*'  The  Nerves  of  the  Uterus,  and  their  Mode  of  Termination  in  smooth  Muscular 
Fibres,"  1867. 
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tnd  in  the  ductus  communis  choledochus.  They  constitute  an  essential  por- 
tion of  the  middle  coat  of  the  Teasels ;  they  form  connected  laminae  and 
membranes  in  the  parietes  of  the  calyces  and  pelvis  of  the  kidney,  and  of  the 
ureters  and  urinary  bladder.  They  are  found  beneath  the  mucous  mem- 
brane of  the  prostatic  and  membranous  portions  of  the  urethra,  both  in  the 
male  and  female.  Smooth  muscular  fibres  are  widely  distributed  in  the 
male  sexual  apparatus,  entering  into  the  composition  of  the  vas  deferens, 
the  Tesicula  seminalis,  the  prostate,  the  corpora  cavernosa,  Cowper^s  glands, 
and  parepididymis ;  between  the  tunica  vaginalis  communis,  and  propria, 
and  in  the  dartos.  In  the  female  sexual  organs  it  occui's  in  the  oviducts,  in 
the  broad  and  round  and  in  the  anterior  and  posteiior  ligaments  of  the  uterus. 
It  is  by  fiu*  the  most  important  constituent  of  the  uterus.  In  the  vagina  it 
forms  an  actual  muscular  membrane.  Its  presence  in  the  ovaries,  whilst 
admitted  by  some,  is  denied  by  others.  Numerous  smooth  muscular  fibres 
are  found  in  the  nipple  and  in  the  surrounding  areola,  also  near  the  hair 
follicles,  where  they  have  received  the  name  of  arrectores  pili ;  and  in  the 
aebaoeous  and  sweat  follicles.  Finally,  the  presence  of  smooth  muscular 
fibrai  in  the  ciliary  muscle,  effecting  the  contraction  and  dilatation  of  the 
iiis,  is  to  be  noted,  and  I  may  also  refer  to  the  discovery  of  smooth  muscular 
fibres  in  the  membranes  of  the  egg. 

McTHODS  ov  Investigation. — ^The  more  delicate  points  in  the  structure 
of  oiganic  muscular  fibre  are  best  demonstrated  in  preparations  that  have 
been  treated  with  serum,  chromic  acid  (0*01  per  cent.),  and  solution  of  gold 
(O'l  per  cent.).  The  urinary  bladder,  lungs,  and  smaller  arterial  vessels  of 
the  frog  may  be  particularly  recommended  as  forming  good  material  for 
examination ;  but  for  the  isolation  of  the  individual  fibres  without  the  appli- 
cation of  any  reagents,  the  muscular  tunics  of  the  intestine  are  most  appro- 
priate. The  means  usually  employe<l  to  effect  the  separation  of  the  ele- 
mentaiy  fibres  are  acetic  acid  diluted  with  from  3  to  5  per  cent,  of  water, 
nitric  acid  (20  per  cent.)  and  solutions  of  potash  (32  per  cent.),  all  of  which 
act  in  the  same  way  by  dissolving  the  connecting  substance,  and  thus  ena- 
bUng  the  muscular  fibres  to  be  isolated.  Maceration  in  iodized  serum,  and 
m  (Uute  chromic  add  ((rOl  to  0*05  per  cent.),  is  in  some  cases  very  effec- 
tire.  For  the  preparation  of  transTcrse  sections,  alcohol,  chromate  of  potash, 
and  chromic  acid — ^the  last  two  beii%  employed  alternately — constitute  ex- 
eellent  hardening  agents.  If  it  be  desired  to  examine  the  muscular  fibre  in 
as  fresh  a  state  as  possible,  transverse  sections  may  be  prepared  from  frozen 
portions  of  muscle,  which  have  then  been  placed  in  serum.  Such  sections 
are,  moreover,  well  adapted  for  being  treated  with  gold,  silver,  and  dilute 
chromic  acid  solutions.  The  course  and  termination  of  the  nerves  are  dis- 
tinctly seen  in  preparations  macerated  for  from  two  to  four  minutes  in  4 
cub.  centim«  of  a  solution  of  acetic  acid,  containing  from  0*5  to  1  per  cent., 
sad  then  for  half  an  hour  or  more  in  4  cub.  centim.  of  a  0*01  per  cent,  of 
chromic  acid.  Besides  this  combined  action  of  acetic  and  chromic  acids,  I 
can  also  recommend  acetic  acid  and  alcohol  both  for  the  investigation  of  gold 
preparations  and  of  sections  treated  with  solutions  of  gold  and  chromic  acid. 
The  best  materials  are  the  urinary  bladder  and  the  smaller  arteiies  of  the 
frog.  For  treating  the  sections,  carmine,  anilin,  chloride  of  palladium  (F. 
£.  Bchnlze),  and  picric  acid  (Schwarz)  may  be  employed. 
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CHAPTER  V. 

THE  MODE  OP  TERMINATION  OF   NEEVB   FIBRE  IK  MUSCLE. 

By  W.  KCHNB. 

We  exercise  control  over  our  muscles  through  the  agency  of  the  nerves, 
and  it  is  through  the  nerve  paths  alone  that  the  will  excites  them  to  contract. 
The  question  therefore  naturally  arises,  In  what  way  do  nerves  terminate  ia 
muscle  ?  Inquiries  were  made  on  this  point  long  before  instruments  and 
modes  of  investigation  could  furnish  any  answer,  and  these  led  to  ever  new 
and  ever  unsatisfactory  researches. 

We  now  believe  that  we  are  able  to  perceive  the  direct  continuity  of  the 
contractile  with  the  nervous  substance.  Yet  it  may  still  happen  that,  in 
consequence  of  further  improvements  in  our  means  of  observation,  ibtA 
which  we  regard  as  certain  may  be  shown  to  be  illusory.  Nevertheless, 
work  is  indispensable,  and  we  must  press  on  till  we  reach  the  point  in  the 
domain  of  morphology,  in  which  order  and  law  become  the  last  expression 
of  our  knowledge.  Up  to  the  year  1840  all  attempts  to  give  a  satas&ctorj 
accoimt  of  the  ultimate  termination  of  the  motor  nerves  failed.  The  admis- 
sion of  loop-like  extremities  in  the  muscle  can  only  be  regarded  as  an  ex- 
pression of  ignorance,  and  of  the  impossibility  of  following  the  course  of  the 
nerves  in  muscle  with  clearness. 

But  suddenly  and  accidentally  an  unprejudiced  observer,  in  investigating 
the  interesting  small  Tardigrada,  recognized  nearly  all  that  we  know  at  the 
present  time  regarding  the  ends  of  the  motor  nerves.  In  1840,  Doyere  dis- 
covered that  the  nerve  applied  itself  to  the  muscular  fibre  by  means  of  a 
conical  enlargement.  Both  of  these  structures  are  destitute  of  sheaths  or 
investing  membranes  in  the  Tardigrada  (or  bear  animalcules),  and  the  ner- 
vous and  muscular  tissues  thus  come  into  direct  contact. 

The  observation  of  Doyere  long  remained  misunderstood,  and  passed  into 
oblivion  in  consequence  of  the  general  acceptance  of  the  view  of  Ernst 
Brtlcke  and  Joh.  Miiller,  to  the  etfect  that  the  primitive  nerve  fibres  under- 
go division  between  the  muscular  fibi*es.  It  was,  indeed,  completely  forgot- 
ten when  R.  Wagner  recognized  with  much  disciimination  the  value  of 
•that  mode  of  nerve  termination  which  Savi  first  discovei*6d  in  the  electrical 
organs  of  the  Torpedo,  and  applied  it  as  a  fact  of  general  significance  to  all 
peripherically  distributed  nerves.  It  then  first  became  intelligible  how  so 
small  a  number  of  nerve  fibres  as  those  which  ara  ordinarily  contained  in  a 
motor  nerve  can  influence  such  a  much  larger  nimiber  of  muscular  fibres. 
In  a  carefully  written  essay,  Reichert  showed  that  the  pectoral  cutaneous 
muscle  of  the  frog,  which  is  composed  of  about  160  muscular  fibres,  re- 
ceives only  about  six  or  seven  primitive  nerve  fibres ;  but  the  proportion 
was  no  longer  unintelligible  when  far  more,  in  fact  nearly  300,  terminal 
fibres,  proceeding  fi*om  the  division  of  the  latter,  could  be  proved  to  be 
present.  Of  these  investigations,  however,  few  or  none  were  directed  to 
the  solution  of  the  question  respecting  the  proper  termination  of  the  nerves, 
but  rather  to  their  mode  of  division  between  the  muscular  &sciculi.  The 
latter  point  lies  beyond  the  limits  of  the  present  paper,  and  we  shall  there- 
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ion  ocMiteQt  ouraelves  with  the  desoription  of  what  is  of  most  importance 
in  regard  to  it. 

When  thin  transparent  muscles  or  thin  sections  of  muscles  are  examined, 
nerves  of  varying  degrees  of  fineness  may  be  seen,  the  course  of  which  is 
seldom  parallel,  but  frequently  at  right  angles,  to  the  direction  of  the  fibi*es 
of  ihe  muscle.  This  is  especially  noticeable  in  regard  to  isolated  nerve 
fibres,  and  to  the  terminal  portions  of  such  fibres.  The  muscles  of  different 
sninials,  and  even  the  several  muscles  of  the  same  animal,  are  very  unequal- 
ly supplied  with  nerves.  In  a  few  of  the  lower  animals,  as  in  Bowerbankia, 
ilie  muscles  appear  to  possess  as  many  nerve  as  muscular  fibres ;  in  othei*s, 
sspeciaily  in  Fishes,  there  are  surprisingly  few,  whilst  amongst  the  warm- 
blooded Vertebrata  the  muscles  of  the  eye,  as  a  general  rule,  contain  but 
few  more  muscular  fibres  than  primitive  nerve  fibres.  If  we  start  with  the 
UBomption  that  every  muscular  fibre  must  be  supplied  with  at  least  one 
nerve  fibre,  even  if  this  be  the  result  of  division,  it  is  obvious  that  the 
Boscular  apparatus  of  Fishes,  divided  as  it  is  to  so  great  an  extent  by  ten- 
dinous intersectionB,  and  which,  as  a  consequence  of  the  shortness  of  these 
fibres^  contains  in  an  equal  volume  many  more  individual  muscular  fibres 
io  be  supplied  with  nerves,  than  the  long-fibred  muscles  of  other  classes, 
am  TeosivQ  only  a  smaller  number  of  primitive  nerve  fibres.  The  Fish 
wwsdd  indeed  have  to  carry  a  weighty  mass  of  nerves,  were  the  relation 
between  the  two  tissues  the  same  as  in  mammals.  Hence,  nowhere  are  so 
Many  divisions  of  the  primitive  nerve  fibres  to  be  so  easily  found  as  in  the 
arascles  of  this  class. 

The  large  relative  number  of  nerves  distributed  to  the  ocular  muscles, 
and  generally  present  in  all  the  muscles  of  Mammals,  but  as  it  would  ap- 
pear ea|>6Ctally  in  the  muscles  of  man,  is  very  suggestive  in  regard  to  the 
exact  regulation  of  their  movements,  for  the  uncommonly  fine  adjustment 
of  the  ocular  muscles  would  be  unattainable  if  the  excitation  of  one  nerve 
fibre  had  as  a  consequence  the  excitation  of  as  great  a  number  of  muscle 
fibres  as  in  the  Frog,  and  still  more  as  in  the  Fisk  In  regard  to  the  gen^ 
end  distribution  of  nerves,  allusion  may  here  be  made  to  the  well-known 
fact  that  considerable  segments  of  every  muscle  may  be  met  with  in  which 
no  nerves  are  to  be  found,  and  that  in  particular  the  extremities  of  the  mus- 
cles appear  to  be  destitute  of  nerves  for  a  considerable  space.  The  muscles 
that  are  be^  adapted  for  the  study  of  the  mode  of  division  of  the  nerves 
■applying  them,  are  the  musculus  cutaneus  pectoris  of  the  frog,  and  also  the 
•■rtorius,  the  ocular  and  digital  muscles,  and  the  hyoglossus  of  the  same  ani- 
aal ;  the  ocular  muscles  of  the  fish,  and  amongst  mammals  those  of  the  cat, 
and,  above  all,  the  thin  muscles  which  extend  from  the  vertebral  column 
io  the  akin  in  Jie  snake.  These  may  be  examined  almost  whilst  yet  still 
living,  and  meiely  flattened  by  a  covering  glass,  or  after  being  rendered 
transparent  by  means  of  a  1  per  o^at.  solution  of  hydrochloric  acid. 

After  the  discovery  of  Doy^re  had  shown  the  mode  of  connection  of 
nerves  without  sheaths,  with  similarly  naked  muscular  bands,  the  question 
naturally  arose  frv^m  a  purely  morphological  point  of  view,  whether  tmns- 
vcraely  striated  muscle,  which  is  invested  by  a  sarcolemma,  and  to  which 
only  nerves  provided  with  sheaths  are  distributed,  does  not  at  some  point 
allow  the  paasage  of  these  throu^  the  membrane.  Still  more  strongly  was 
the  hypothesis  respecting  the  continuity  of  the  sheath  of  Schwann  with  the 
•sroolemma,  or  in  other  words,  of  the  passage  of  the  nerve  fibre  directly 
into  the  contractile  substance,  advanced  by  physiologists,  thus  leading  the 
way  to  the  establishment  of  all  that  lias  been  discovered  respecting  the 
termination  of  motor  nerves  since  the  time  of  Doyere. 
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We  shall  commence  with  the  transversely  striated  muscles,  proceeding 
from  the  lower  to  the  higher  groups  of  animals,  and  leaving  on  one  side, 
for  the  present,  the  relations  existing  in  the  unstriated  fibres,  and  the  still 
very  incompletely  known  but  apparently  smooth  muscular  fibres  of  the 
worm,  and  other  still  more  lowly  organized  Invertebrata. 

The  Mode  op  Termination  op  the  Nerves  in  Invertebrata. 

The  striated  muscles  of  the  Articulata  consist  of  completely  closed  cy- 
lindrical tubes  of  sarcolemma,  the  contents  of  which  present  the  well-known 
appearance  of  a  sti^  or  ladder-like  arrangement  of  superimposed  disks  of 
muscle  prisms.*  The  muscle  prisms  are  separated  from  each  other  in  the 
transverse  direction  by  a  considerable  amount,  and  in  the  longitudinal  by  a 
small  amount,  of  homogeneous  fluid  material.  All  muscles,  moreover,  contain, 
besides  those  constituents  which  form  the  really  contractile  substance  of  the 
muscle,  still  another  material  that  has  some,  though  a  less  important  influence 
on  the  development  of  force.  It  is  generally  regai-ded  as  the  remains  of  the 
original  formative  cells  of  the  muscle,  and  is  composed  of  nuclei  with  a  dis- 
tinctly double-contoured  membrane,  and  transparent  contents,  often  with  nu- 
cleoli ;  of  vesicles  of  various  form,  without  definite  investment ;  of  granules ; 
and  lastly  of  a  finely  granular  pappy  mass.  These  masses  may  be  variously 
distributed  in  the  interior  of  muscles,  sometimes  appearing  in  the  form  of  a 
few  short  strisB,  scattered  through  all  parts  of  the  fibre ;  sometimes  as  long 
bands  lying  between  the  contractile  substance  and  the  sarcolemma ;  and  often, 
also,  filling  the  interior  of  a  canal  running  through  the  whole  length  of  the 
fibre.  In  many  instances  the  muscles  of  Crustacea  present  these  ihasses  in  the 
form  of  a  complete  cylindrical  tunic  lying  between  the  sarcolemma  and  the 
muscular  substance.  The  masses  may  again  be  entirely  isolated,  or  may 
communicate  through  the  entire  muscular  fibre ;  those  which  lie  in  the  cen* 
tral  canals  sending  oflT  radial  processes  which  run  towards  the  surface  to  join 
with  the  superficial  portions,  whilst  in  those  which  lie  immediately  beneath 
the  sarcolemma,  the  processes  extend  towards  the  extremities  of  the  fibres, 
and  thus  come  into  contact  with  others. 

The  most  appropriate  objects  for  the  examination  of  the  mode  in  which 
nerves  terminate,  appear  to  be  the  muscles  of  insects,  and  amongst  these  the 
best  are  the  muscles  of  the  great  black  water  beetle  (Hydrophilus  pioeus), 
which  is  to  be  preferred  to  the  nearly  allied  Dytiscus  marginalia.  Instead 
of  the  muscles  of  the  legs,  it  is  better  to  employ  the  large  colorless  fasciculi 
l3dng  in  the  thorax,  which  are  attached  by  broad  processes  to  the  internal 
wing-like  apodemata  of  the  cox89.  If  the  muscle  be  suddenly  separated  from 
both  its  attachments  by  scissors,  we  obtain  a  preparation  which,  either  with- 
out any  addition,  or  merely  with  the  addition  of  a  little  of  the  blood  of  the 
beetle,  or  a  drop  of  0*5  per  cent,  solution  of  chloride  of  sodium,  will  present, 
after  gentle  manipulation  with  needles,  many  beautifully  isolated  muscular 
fibres.  These  fibres  are  quite  free  from  connective  tissue,  and  are  only 
bound  together  by  nerves  and  trache»,  both  of  which  can  be  torn  across  with 
the  greatest  facility.  Amongst  the  nerves  many  extraordinarily  thick  prim- 
itive fibres  are  to  be  found,  invested  by  a  distinct  membrane,  beneath 
which  ai-e  very  pale  vesicular,  and  in  parts  also  very  finely  granular  medul- 
lary sheaths,  whilst  the  axial  portions  present  a  fibrillar  structure.  The 
thick  nerve  fibres  undergo  repeated  diviHion,  rivalling  in  this  respect  the 

*  The  term  ^^  disks  "  was  intioduced  into  the  description  of  musole  bv  Mr.  Bowmaiu 
The  same  parts  were  designated  by  Kollett  ^^  chief -substance  disks.^*  The  muade 
prisms  have  been  also,  after  Mr.  Bowman,  termed  *^  sarcons  elements." 
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nmificatioDs  of  the  bloodvessels  of  higher  animals,  and  send  off  finer  and 
slill  finer  branches  to  the  muscular  fibres,  each  of  which  contains  an  extra- 
ordinary number  of  ultimate  terminations.  It  may  then  be  observed  that 
tlie  middle  portions  of  the  muscular  fibres,  at  all  points  of  their  circumfer- 
ence, present  rows  of  funnel-shaped  processes  forming  little  eminences  of 
Tirious  size,  the  apices  of  which  correspond  to  the  points  of  entrance  of  the 
•evenil  branches  of  nerves.  The  latter  appear  in  all  instances  to  consist  only 
of  a  nngU  axial  fibril  or  aocis  cylinder  ;  but  this  may  usually  be  seen  to  di- 
vide into  two  strongly  diverging  bi*anches  immediately  beneath,  the  apex  of 
the  nerve  cone  or  eminence,  and  it  may  also  be  followed  for  a  short  distance 
into  the  interior  of  the  eminence. 

Fig.  58. 


yi%.  53.    Mufloular  fibre,  with  the  extremities  of  two  nerves,  from  the  Hydrophiloa 

piceua 

At  the  termination  of  the  nerve  the  medullary  layer,  which  has  previously 
become  extremely  pale,  entirely  disappears ;  the  image  of  the  sheath  of  the 
nerve,  therefore,  where  it  joins  the  muscle,  is  not  in  the  slightest  degree 
obscured.  It  is  impossible  for  the  observer  who  sees  this  to  doubt  that  the 
nerve  sheath  becomes  continuous  with  the  sarcolenmia,  and  that  the  con- 
tour of  the  latter,  as  it  rises  towards  the  cone,  or  extends  over  the  eminence, 
is  directly  continuous  with  the  nerve  sheath ;  or,  in  other  words,  that  the 
nerve  sheath  and  the  sarcolemma  form  two  communicating  tubes.  In 
whatever  mode  the  nerve  terminations  may  be  presented  to  the  eye,  whether 
in  a  transverse  section  of  the  muscular  fibre,  or  in  the  optic  transverse 
nction  which  is  seen  if  a  bent  muscular  fibre  presents  its  convexity  to  the 
observer,  he  will  still  be  constantly  led  to  the  same  conclusion.  The  forms 
that  the  nerve  eminence  may  assume  are  very  various,  sometimes  constitut- 
ing a  pointed  cone,  at  others  a  low  rounded  elevation,  whilst  in  others, 
■^un,  it  is  almost  fiat, — varieties  that  are  doubtless  attiibutable  to  the 
tnction  which  has  been  exerted  in  the  nerve  in  the  preparation  of  the 
specimen.  Nevertheless  we  may  sometimes  see,  if  not  the  pointed  limpet- 
hke  conesy  yet  elevations  of  considerable  height  on  musculfu-  fibres,  whose 
nerves  have  not  been  disturbed,  as  well  as  in  fiat  portions  of  muscles  which 
have  been  removed  from  the  surface  with  scissors.  We  may  therefore 
■pply  the  general  term  of  nerve  eminence  to  the  whole  nervous  expansion 
at  this  point,  and  honor  its  discoverer  by  naming  it  the  Doyerian  eminence. 
Wherever  a  nerve  terminates,  it  will  be  found  tliat  the  contractile  sub- 
•tanoe  is  covered  beneath  the  nerve  eminence  with  the  secondary  cbnsti- 
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tuents  of  the  mas8 ;  that  is,  with  nuclei,  granules,  moleoules,  and  the  like. 
This  relation  is  perfectly  intelligihle  in  l£e  case  of  those  muscular  fibres 
which  possess  an  entire  investment  of  this  substance ;  but  it  is  also  found 
where  the  chief  8tri»  of  it  do  not  lie  immediately  beneath  the  sarcolemma, 
but  are  present  as  a  central  axis  only,  in  which  case  the  latter  forms  a 
conical  projection,  that  passes  transversely  through  the  contractUe  sub* 
stance,  and  nearly  reaches  the  apex  of  the  Doy^rian  eminence.  In  other 
cases,  where  elongated  small  masses  ate  found  immediately  beneath  the 
sarcolemma,  these  lose  their  otherwise  straight  form,  and  bulge  upwards 
towards  the  nerve  eminence.  The  eminence  has  in  some  instances  only  a 
single  process,  running  in  a  longitudinal  direction  from  its  basis,  but  more 
frequently  there  are  two,  which  pass  in  opposite  directions.  The  termina- 
tion of  the  axis  cylinder  in  the  eminence,  and  its  usually  forked  division, 
does  not  appear  to  have  been  clearly  recognized  by  the  greater  number  of 
observers.  Rouget  considers  that  it  terminates  in  the  Crustacea  in  a  blunt 
point  at  tlie  line  of  junction  of  the  granular  nucleated  mass  with  the  con- 
tractile substance ;  whilst  in  Beetles,  after  a  somewhat  longer  coui'se,  it 
terminates  at  the  same  point.  It  will  not  be  possible,  without  further  in- 
vestigation, to  decide  the  question  in  regard  to  the  final  disposition  of  the 
axis  cylinder;  for,  however  probable  Houget's  statements  respecting  the 
form  that  the  process  of  the  axis  cylinder  possesses  may  be,  the  position 
which  he  ascribes  to  it  is,  upon  grounds  that  will  hereafter  be  discussed, 
certainly  surprising.  The  method  of  staining  with  solutions  of  gold  and 
silver,  which  has  been  found  so  advantageous  in  other  departments  of  the 
minute  anatomy  of  the  nerves,  has  up  to  the  present,  so  far  as  this  ques- 
tion is  concerned  at  least,  yielded  no  decisive  results. 

From  what  has  already  been  stated  it  may,  however,  be  maintained,  in 
regard  to  the  Arthropoda,  that  each  of  their  muscular  fibres  receives  a 
greater  number  of  nerve  ends ;  that  the  nerve  sheath  is  continuous  with  the 
sarcolemma ;  that  the  proper  conducting  nervous  fibre,  that  is  to  say,  the 
axis  cylinder,  traverses  the  point  of  union  of  the  two  tubes,  and  divides  in 
the  nerve  eminence ;  and  that  all  nerve  eminences  possess  at  their  base  a 
layer  of  protoplasmic  muscle  substance,  that  may  stretch  to  a  variable  ex- 
tent into  the  contractile  ]>art  of  the  fibre.  These  results  have  been  obtained 
from  an  examination  of  the  tissues  in  HydrophOus  piceus,  Dytiscus  margi- 
nalis,  Carabus  auratus,  Silpha  obscura,  Melolontha  vulgaris,  Geotrupes 
steroorarius,  Trichodes  apiarius  and  alvearius,  Musca  domestica,  Tabanus 
bovinus,  Bombus,  Tegenaria,  Argyroueta  aquatica  and  Astacus  fluviatilisy 
and  consequently  in  idl  three  classes  of  the  Arthropods. 

The  Mode  of  Termination  of  the  Nerves  in  the  Vertebrata. 

A.  Amphibia. — "Die  knowledge  of  the  mode  of  termination  of  the  nerves 
in  Amphibia,  and  especially  in  the  Frog,  is  of  great  interest,  because  these 
animals  have  for  so  long  a  period  been  employed  by  physiologists  as  the 
subject  of  investigation  in  regard  to  the  relations  existiog  between  motor 
nerves  and  muscles.  The  different  muscles  of  the  Frog  which  have  been 
particularly  examined  are  the  sartorius,  the  muscles  of  the  eye,  the  shorfc 
nbres  of  the  penniform  gastrocnemius,  and  the  small  muscles  of  the  foot  tlisx 
lie  between  the  toes. 

The  uncontractile  protoplasmic  substance,  or  the  remains  of  it,  in  the 
muscles  of  Frogs,  occupies,  as  is  well  known,  a  very  inconsiderable  space, 
as  compared  with  the  transversely  striated  contractile  mateiial.  The  mus- 
cle fibres  are,  indeed,  dotted  with  nuclei,  which  are  found  not  only  imme- 


Digitized  by 


Google 


UOBE  OF  TEKMIKATION  OF  MOTOB  NERVES  IN   VERTEBRATA.       157 

* 
dktely  beneatli  the  sarcolemma,  but  in  all  parts  of  the  titaisverse  section ; 
yet  the  protoplasmic  portion  is  very  snxall  in  quantity,  and  exists  only  in 
the  form  of  a  few  molecules  at  the  poles  of  the  nuclei,  or  may  even  be  alto- 
gether absent.     Without  methodical  investigation  it  is  almost  impossible  to 
strike  upon  the  precise  point  in  the  fibres  of  the  muscles  of  a  frog  which 
displays  tlie  mode  of  attachment  of  the  nerve.     This  is  sufficiently  shown 
by  the  fruitless  results  of  the  observations  repeatedly  made  antecedently  to 
the  last  ten  years. 

After  the  experience  that  had  been  obtained  respecting  the  connection 
of  the  nerves  with  the  transversely  striated  muscular  fibres  invested  with 
sarcolenima  of  the  Invertebrata,  it  was  somewhat  more  than  an  hypothesis 
when  it  was  mauitained  that  the  conditions  must  be  essentially  similar  in 
all  animals  in  which  nerves  induce  the  act  of  contraction,  and  consequently 
in  the  Vertebrata.  In  order  to  decide  whether  every  muscular  fibre  is  con- 
nected with  at  least  one  nerve  fibre,  it  was  requisite  to  isolate  the  former 
in  its  whole  length,  and  to  examine  its  entii*e  superficies.  This  was  effected 
by  the  mode  of  isolating  the  fibres,  suggested  by  Budge,  through  the  agency 
of  a  mixture  of  chlorate  of  potash  and  nitric  acid, — a  plan  that  was  advan- 
tageously modified  by  V.  Wittich,  who  recommended  that  the  muscle  should 
be  warmed  with  a  very  diluted  solution  of  the  same  mixture.  It  is  still 
better  to  soften  the  intermuscular  connective  tissue  by  maceration  for 
twenty-four  hours,  in  an  extremely  dilute  solution  of  sulphuric  acid,  and 
subsequently  to  convert  it  into  gelatine  and  eflfect  its  solution  by  warming 
it  for  a  few  hours  at  104°  Fahr.  The  isolation  of  the  muscular  fibres  may 
then  be  accomplished  by  vigorous  agitation  with  water  in  a  test  tube.  By 
this  method  any  muscle  can  be  completely  broken  up  into  its  individual 
fibres.  The  capillaries,  which  still  often  remain  attached,  must  be  removed 
by  pencilling  with  a  camel-hair  brush.  On  carefully  examining  such  iso- 
lated muscular  fibres  throughout  their  whole  length,  one  spot  at  least  may 
always  be  found  to  which  a  nerve  fibre,  usually  more  or  less  ramified,  cleaves. 
In  long  muscles — as,  for  exam})le,  the  sartorius — many  fibres  may  be  found 
vhich  present  sevei^  such  spots,  whilst  in  the  shorter  fibres  of  the  gas- 
trocnemius, as  a  rule,  only  one  nerve  eminence  is  visible.  In  specimens 
prepared  in  this  way  the  continuity  of  the  nerve  sheath  of  Schwann  with 
the  sarcolemma  may  be  observed  in  profile,  without  any  further  manipu- 
lation. 

In  order  to  bring  the  termination  of  the  nerves  in  the  fresh,  still"  living, 
and  contractile  muscle  into  view — ^as  in  the  Ai-thropoda — the  fibres  of  the 
gastrocnemius  are  to  be  isolated.  In  the  broken-up  and  separated  muscle 
the  course  of  the  finest  nerve  twigs,  as  they  cross  the  fibres  at  right  angles, 
may  be  followed  without  difiSculty  by  the  pigmented  vessels  that  accom- 
pany them.  In  this  region  the  terminal  branches  are  given  ofif;  and  if  a 
few  muscular  fibres  are  raised  with  the  forceps,  after  the  tendinous  fasciculi 
to  which  they  are  attached  have  been  divided  at  both  extremities,  in  all 
probability  the  desired  appearances  will  be  presented  to  the  eye.  The  spe- 
citnen  so  obtained  may  be  examined,  either  ii^ithout  any  addition  or  in  a  0*5 
per  cent,  solution  of  chloride  of  sodium,  in  which  the  muscle  long  i*e tains 
its  excitability.  The  aqueous  humor  and  the  serimi  of  the  blood  of  the 
frog  may  also  be  employed.  Just  before  the  nerve  traverses  the  sai'colemma 
it  usually  undergoes  division,  forming  the  so-called  terminal  brush  (leash  or 
pcaidLl)  oi  the  nerve,  the  extremely  short  branches  of  which  seldom  exceed 
in  lei]^h  the  transverse  diameter  of  the  muscular  fibre,  and  may  lie  in  all 
eoneeivable  directions  to  its  axis.  The  number  of  branches  of  the  iirst 
order  rarely  exceeds  five ;  those  of  the  second  order  may  amount  to  ten  or 
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twelve.  The  medullary  investment  and  the  sheath  of  Schwann  accompany 
the  nerves  up  to  the  very  point  of  their  attachment  to  the  muscular  fibre, 
but  here  the  medullary  sheath  terminates  abruptly,  and  without  marked 
attenuation.     In  profile  views  no  kind  of  distinction  is  to  be  perceived 

Fig.  54. 


Fig.  54.  Motor  nerve  termiuationfi  from  the  Frog.  To  avoid  confosion,  the  trans- 
verse  stris  of  the  muscular  fibres  are  not  indicated.  At  a,  the  passage  of  the  nerve 
through  the  sarcolemma  is  seen  in  profile.  The  remaining  portion  of  the  intra-mus- 
cular  cylinder  axis  expansion  is  more  or  less  out  of  focus;  o  by  terminal  nerve-bulbs ; 
eee,  nuclei  of  the  sheath  of  Schwann ;  e,  nuclei  of  the  muscle. 

between  the  contour  of  the  sarcolemma  and  that  of  the  membranous 
sheath ;  indeed,  the  flat  and  granulated  nuclei  of  the  latter  cannot  unfre- 
quently  be  followed  into  that  part  which  all  would  acknowledge  to  be  true 
sarcolemma,  and  which,  as  is  well  known,  is  in  the  frog  destitute  of  nuclei. 
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No  better  eyidence  than  this  can  be  offered  in  regard  to  the  continuity  of 
the  two  tubes«     At  the  point  where  the  terminal  nerve  branches  are  abrupt- 
ly glyen  off,  no  elevation  occurs  in  the  frog,  and  only  very  rarely,  if  the 
nerve  has  been  forcibly  stretched  at  the  point  where  it  appears  to  be  most 
easily  torn,  does  the  medullary  portion  retract,  so  that  a  small  empty  fun- 
nel hangs  over  the  border  of  the  muscular  fibre.     Beneath  the  sarcolemma 
the  nerves,  now  destitute  of  medullary  sheaths,  may  be  recognized  in  the 
form  of  small,  moderately  broad    fibres,  extending  in   a   direction   paral- 
lel to  the  muscular  fibres,  and  often  somewhat  exceeding  the   breadth 
of  the  finest  meduUated  branches.      These   fibres   form   a  delicate  pat- 
tern between  the  contractile  substance  and  the  sarcolemma,  dividing  and 
giving  off  branches  of  nearly  equal  breadth,  from  which  again  others  course 
in  a  nearly  parallel  direction.     The  whole  system  which  they  form  is  usual- 
ly three  or  four  times  longer  than  the  transverse  diameter  of  the  muscular 
fibre.     It  never  invests  the  whole  circumference  of  the  contractile  substance, 
and  the  branches  never  penetrate  fai'  into  the  interior  of  it.     There  can  be 
no  question  that  we  have  here  an  intra-muscular  branched  expansion  of  the 
axis  cylinder,  and  that  it  is  the  axial  poi-tion  of  the  doubly  contoured  nerves 
which  alone  peneti-ates  the  sarcolemma,  and  forms  beneath  it  a  wide-meshed 
and  in  part  fibnilated  plexus.     The  fibres  of  the  plexus  appear  to  be  in 
part  round  and  pai-tly  flattened ;  they  ai'e  very  transparent,  with  delicate 
and  for  the  most  part  smootii,  though  here  and  there  finely  serrated,  contours. 
Good  iniiti-uments  show  with  sufficient  sharpness  that  the  intramuscular 
axia  cylinders  are  not  diffusely  troubled  or  granular  at  their  terminations. 
The  actual  extremity  is  always  a  distinctly  rounded  point.     Here  and  there 
the  axis  cylinders  are  somewhat  enlarged,  and  in  such  places  small  strongly 
granular  corpuscles  may  usually  be  observed,  the  size  of  which  is  inter- 
mediate between  those  of  the  nuclei  in  the  sheath  of  Schwann  and  the  well- 
known  muscle  nuclei.     They  are  pear-shaped,  with  the  pointed  extremity 
directed  towards  the  end  of  the  axis  cylinder,  and  are  found  not  only  in  the 
expanded  portions  of  the  latter,  but  occasionally  in  other  parts,  though 
always  lying  close  to  the  axis  cylinder.     The  finer  structiu-e  of  these  ter-' 
minal  nerve  btUbe  may  be  well  seen  even  with  ordinary  microscopic  powers, 
but  siilJ  better  with  a  very  strong  objective  and  a  low  ocular.     A  fine 
tortuous  fibre  may  then  be  observed  to  separate  from  the  axis  cylinder,  which  in 
aome  places  attains  a  considerable  length,  and,  running  along  the  bulb, 
tenninates  at  its  pointed  end  in  a  small  swelling.     This  is  all  that  has  been 
ascertained  up  to  the  present  time  respecting  the  termination  of  the  nerves 
in  the  Amphibia ;    the  muscles  of  Tritons,  Toads,  the  Proteus,  and  Sala- 
Bumders  presenting  the  same  characters  as  those  of  the  Frog.     In  these 
animals  none  of  the  granular  and  nucleated  matrix  is  to  be  found  which 
exists  in  the  muscles  of  Arthropoda.     A  muscle  nucleus  with  a  small 
aoioant  of  protoplasm  around  it  may,  indeed,  lie  near  the  intra-muscular 
axis  cylinder,  but  we  never  find  at  this  point  any  special  or  peculiar  dis- 
position of  this  portion  of  the  muscular  contents.     As  regards  the  position 
of  the  terminal  bulbs,  as  from  their  form  these  structures  are  named,  they 
appear  either  to  lie  close  to  the  nerves  and  on  the  same  plane,  or,  as  in  the 
m^ocitj  of  instances,  upon  the  latter  and  between  them  and  the  sarco- 
kflama.     Occasionally  the  author  believes  he  has  observed  them  to  be  ab- 
sent.    No  physiological  or  morphological  explanation  has  been  advanced  in 
respect  to  the  significance  of  the  nerve-bulb ;  but  it  appears  highly  probable 
diat  the  nuclei  represent  the  earlier  formative   cells  of  the   nerve   and 
mnacie,  and  consequently  may  be  compared   in  some  measure  in   their 
atmctnre  to  the   nuclei  of  the  cells  connected  with  nerves  in  the  cutis 
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of  the  tadpole  that  have  been  described  by  Hensen.  According  to  this  ob- 
server, the  embryonic  nerve  fibres  terminate  in  the  nucleoli  of  these  nu* 
cleated  cells ;  the  small  pear-shaped  knob  at  the  end  of  l^e  central  fibre  in 
the  nerve  bulbs  would  therefore  correspond  to  the  nucleoli 

Although  there  can  be  thus  no  doubt  that  in  the  Amphibia  the  nerve 
sheath  is  continuous  with  the  sarcolemnia,  from  whence  it  obviously  follows 
that  the  contents  of  the  former,  if  it  extend  beyond  this  point,  must  lie 
beneath  the  sarcolemma ;  yet  this  doctrine  has  received  much  opposition. 
The  accuracy  of  the  statements  that  have  here  been  made  may,  however, 
be  irrefragably  proved  by  careful  inquiry.  The  whole  contents  of  the 
freshly  isolated  muscular  fibre  can  be  rendered  fluid  by  hydrochloric  acid  of 
1  per  cent.,  whilst  not  only  the  primarily  coagulated  muscle  plasma,  but 
also  the  greater  part  of  the  muscle  piisms,  can  be  conveiiied  into  a  solution 
of  syntonine.  The  entire  contents  of  the  muscle  then,  as  is  well  known, 
move  easily  hither  and  thither  in  the  sarcolemma,  if  care  be  taken  that  the 
lumen  of  the  latter  remains  open,  and  all  pressure  be  avoided. 

The  intrarmuscular  axis  cylinders  of  muscular  fibres  thus  treated  dissolve 
first  at  the  points,  then  separate  along  their  whole  extent  from  the  sarco- 
lemma, and  fall  towards  the  centra  of  the  tube,  so  that  on  shaking  they  float 
to  and  hx)  in  the  fluid.  And  there  is  yet  another  experiment  which  has 
led  Cohnheim  to  the  same  result.  He  dipped  fresh  muscular  fibres  for  a 
short  time  in  acid,  treated  them  with  a  weak  solution  of  nitrate  of  silver, 
washed  them  with  water,  and  allowed  tbem  to  blacken  in  the  light  A  fine 
precipitate  of  silver  occurred  in  the  form  of  thin  membranes  between  the 
muscle  cylinder  and  the  sarcolemma,  which,  after  exposure  to  Ught,  sur- 
rounded the  muscular  substance  with  a  black  layer  beneath  the  sarcolemma. 
In  this  layer,  stained  with  silver,  the  whole  intra-muscular  nervous  appa- 
ratus appears  as  a  white  silhouette,  indicating  that  something  is  here  inter- 
calated between  the  sarcolemma  and  the  contractile  substance,  and  this 
indeed  is  the  intra-muscular  axis  cylinder.  This  experiment  is  interesting 
on  several  other  accounts ;  for,  in  the  first  place,  previous  to  the  blackening 
taking  place,  the  form  of  the  nerve  termination  appears  with  surprising  clear- 
ness, because  the  fine  layer,  composed  of  the  silver  precipitate,  surrounds 
in  the  first  instance  everything  that  is  of  nervous  nature  with  very  distinct 
limiting  lines;  and,  secondly,  a  means  is  obtained  which  is  unfortunately 
the  only  one  at  present  known,  by  which  preparations  of  muscles  exhibiting 
the  mode  of  terminations  of  the  nerves  can,  for  a  few  months  at  least,  be 
preserved.  Lastly,  it  shows  that  there  is  present  between  the  sarcolemma 
and  the  axis  cylinder  on  the  one  hand,  and  between  this  and  the  contractile 
substance  on  the  other,  a  capillary  layer  not  capable  of  precipitation  with. 
a  silver  solution  under  the  conditions  which  the  experiment  acddentally 
realizes,  a  something  which  is  different  from  that  which  surrounds  the  whole 
contractile  substance  beneath  the  sarcolemma.  The  experiment  of  malriTig 
the  nerves  float  by  treating  the  muscular  tubes  with  diluted  hydrochloric 
acid  renders  the  former  indeed  probable ;  for  it  is  then  seen  that  the  axia 
cylinder,  beginning  at  the  point,  only  grsulually  separates  from  the  sarco- 
lemma, to  which  it  appears  to  be  very  firmly  adherent ;  the  second  method 
must  at  the  same  time  appear  still  more  important,  because  it  indicates  a 
more  intimate  connection  between  nerve  and  contractile  substance  than 
between  this  and  the  sarcolemma. 

As  regards  the  methods  of  investigation,  it  may  here  be  added,  that 
the  greatest  possible  delicacy  in  manipulation  is  required,  for  the  subject 
is  one  of  the  most  difficult  in  the  whole  range  of  microscopic  art,  and  ia 
one  also  on  which  histologists  are  not,  aa  yet,  by  any  means  unanimous,  as 
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Uie  short  historical  sketch  at  the  end  of  this  article  sufficiently  shows.  It 
is  not  sufficient  to  take  the  muscular  fibre  from  still  living  and  contractile 
muscleSy  but  care  must  also  be  taken  that,  whilst  still  under  the  scrutiny  of 
the  observer,  they  retain  their  contractility,  the  coveiing  glass  being  pre- 
vented by  supports  from  exercising  any  pressure  upon  them.  Fibres  affected 
with  rigor  mortis  are  totally  unserviceable,  and  also  those  which  have  had 
their  axes  rotated,  or  which  have  been  in  any  way  damaged.  Maceration 
in  acids  that  are  at  all  concentrated  leaves  no  vestige  of  the  intra-muscular 
nerves  beyond  a  few  interrupted  and  broken  strise.  Extremely  dilute  acids, 
as  acetic  acid  of  0-5  per  cent.,  or  hydrochloric  acid  of  O'l  per  cent.,  do  not, 
indeed,  render  the  image  any  clearer,  but  they  do  not  destroy  it ;  the  ter- 
minal  bulbs,  however,  soften  under  their  influence  in  quite  a  peculiar  manner, 
breaking  up  into  a  brush-like  set  of  fibres ;  a  change  that  stands  in  strong 
contrast  to  the  well-known  shrinking  of  the  muscle  nuclei  and  of  the  sheath 
of  Schwann,  and  most  distinctly  proves  the  difference  of  the  corpuscles  of 
the  axis  cylinder  from  those  structures. 

The  mode  of  termination  of  the  nerves  in  Fishes  has  b^en  hitherto  but 
little  investigated ;  by  the  application  of  some  of  the  methods  already 
adopted  for  the  muscles  of  Amphibia,  however,  evidence  has  been  obtained 
that  here  also  the  nerves  penetrate  the  sarcolemma,  and,  at  the  point  of  en- 
trance, lose  their  medullary  sheath.  The  few  extended  investigations  which 
have  been  instituted  upon  the  mode  of  termination  of  the  nerves  in  the  Tor- 
pedo ocellata  will  be  mentioned  in  the  following  paragraph. 

B.  HeptUes,  JBirdSy  Mawm/oilB, — In  these  animals  also  the  mode  of  isolat- 
ing the  fibres  by  means  of  Budge's  solution  permits  the  intimate  imion  of 
the  nerves  with  the  muscular  fibres  to  be  proved ;  for,  if  the  vascular  net- 
work which  contains  the  acid  mixture  have  been  removed  with  a  brush,  a 
short  and  frequently  divided  nerve  stump  often  remains  obstinately  adherent 
to  the  fibre.  An  investigation  by  Rouget  fii*st  led  to  exact  conclusions  in 
regard  to  the  mode  of  termination  of  the  nerves ;  since  it  demonstrated  the 
existence  of  the  Doy^rian  eminence,  in  the  first  instance  in  lizards,  and  sub- 
sequently in  warm-blooded  animals.  Rouget  corroborated  the  statement  he 
had  already  made,  of  the  passage  of  the  nerve  through  the  sarcolemma,  of 
the  fusion  of  this  with  the  sheath  of  Schwann,  and  added  the  impoiiiant 
observation  from  his  investigation  of  fresh  muscle,  such  as  can  easily  be 
obtained  fi:t>m  Beptiles,  that  just  beneath  the  point  of  entrance  of  the  nerve, 
a  mass  of  nuclei  and  granular  substance,  constituting  a  Doyerian  eminence, 
may  be  found  exactly  similar  to  that  foimd  in  Ai*thropoda.  And  thus, 
although  in  the  muscles  of  these  animals  there  exists  no  such  abundance  of 
nncleated  and  protoplasmic  formative  material  as  in  Arthropods^  yet  this 
material  is  accumulated  in  greatest  quantity  immediately  beneath  the  ends 
of  the  nerves.  According  to  Rouget,  the  grumous  mass,  with  the  nuclei 
imbedded  in  it,  constitutes  the  proper  termination  of  the  nerves,  with  which 
the  axis  cylinder  becomes  continuous,  and  thus  modified,  rests  with  a  cir- 
cular or  elliptical  flat  basis  on  the  contractile  substance,  the  cylindrical  mass 
of  which  it  embraces  for  a  certain  distance,  but  never  entirely  surrounds. 
The  rows  of  nuclei  and  of  granular  material  that  in  Arthropoda  extend  for 
some  distance  along  the  muscle,  are  entirely  absent  in  lizards  and  the  warm- 
blooded vertebrates.  The  observation  of  Rouget  soon  received  confirmation, 
and  Krause  appears  to  have  been  the  first  who  correctly  described  and 
Rpresented  the  nuclei  of  the  nerve  eminence,  stating  them  to  appear  in  the 
fresh  muscle  as  small  delicately  contoured  vesicles,  with  relatively  large 
nucleoli ;  whilst,  after  the  death  of  the  muscle,  and  the  addition  of  even 
11 
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very  dilute  acids,  they  become  wrinkled  and  filled  with  granules.  Kouget 
had  only  seen,  and  at  a  later  period  depicted  them,  when  thus  altered.  The 
nuclei  which  are  seen  at  the  extremity  of  the  nerve  are,  moreover,  not  all 
alike ;  one  portion  belonging  to  the  eminence,  and  another  to  the  membrane 
which  covers  it;  the  latter  being  considerably  smaller  and  flatter,  rarely 
exhibiting  a  distinct  nucleolus,  and  being  always  finely  punctated  or  gran- 
ular. As  Krause  has  shown,  they  lie  in  the  membrane,  and  may  be  i*egflaxled 
as  the  nuclei  of  the  sheath  of  Schwann,  where  the  latter,  expanded  over  ihe 
eminence,  is  about  to  pass  into  the  sarcolemma. 

Nuclei  pi'esenting  these  characters  are  consequently  only  found  upon  the 
upper  part  of  the  eminence,  so  that  their  position  alone  renders  it  im- 
possible to  mistake  them  for  the  vesicular  nuclei  which  are  present  only  at 
the  base  of  the  eminence,  or  that  portion  of  it  which  is  dii-ected  towards 
the  muscle.  The  small,  hazy  nuclei  are  distributed  in  far  smaller  number 
and  iiTCgularly  in  the  membi-ane  of  the  eminence,  whilst  tlic  vesicular  nuclei 
are  armnged  more  or  less  definitely  around  the  margin  of  the  base.  Final- 
ly, tliese  small  eUipsoids  are  placed  with  their  long  axis  radially  to  the  axis 
of  the  muscular  fibre.  They  vary  but  slightly  in  size  ;  in  the  lizards  they 
are  very  little  larger  than  the  muscle  nuclei,  from  which  they  are  distin- 
guished by  their  somewhat  less  elongated  form,  and  by  theii*  presenting 
more  rarely  two  nucleoli  in  their  interior.  In  the  warm-blooded  animals, 
on  the  other  hand,  theii'  size  considei-ably  exceeds  that  of  the  muscle  nu- 
clei. 

The  form  of  the  ner\e  emiiiei^ce  in  the  muscles  of  Keptilia  presents  all 
conceivable  varieties,  being  sometimes  higher,  and  sometimes  lower ;  some- 
times having  a  long,  elliptical,  or  even  very  extended  basis ;  at  others  being 
nearly  circular,  or  presenting  the  shape  of  a  parallelogram  with  rounded 
angles.  Those  that  are  the  most  elongated  are  always  the  leafit  prominent, 
forming,  when  the  nerve  end  is  seen  in  profile,  scarcely  any  projection  from 
the  muscular  fibre.  In  the  warm-blooded  animals,  in  which  the  nerve  emi- 
nence is  nearly  circular,  the  eminence  is  likewise  very  flat,-:-relations  which 
are  here  only  alluded  to,  since  they  appear  to  be  of  subordinate  import- 
ance. 

The  muscles  of  warm-blooded  animals,  as  is  well  known,  alter  with  great 
rapidity  after  death,  and  it  is  not  surprising,  therefore,  that  organs  so  deli- 
cate as  the  extremities  of  the  nerves  should  likewise  undergo  cadaveric 
changes.  Eesearches  on  the  minute  anatomy  of  these  parts  ought  there- 
fore to  be  commenced  on  Reptiles,  whose  muscles,  especially  at  a  low  tem- 
perature, remain,  like  those  of  Amphibia,  excitable  for  an  astonishingly  long 
period.  It  is,  in  truth,  not  difiScult  to  recognize  in  lizards,  as  in  Lacerta 
agilis  and  L.  viridis,  the  mode  in  which  the  nerve  terminates  in  the  Doy6- 
rian  eminence.  The  granular  mass,  together  with  its  nuclei,  forms  only 
the  base  or  floor  of  the  nerve  end,  whilst  this  is  itself  composed  of  a  trans- 
parent non-granular  plate,  the  terminal  nerve  ^>/^/c,  or  the  motor  neive 
plate. 

At  whatever  period  after  death  the  muscles  may  be  examined,  there  will 
always  be  found  a  third  element  in  addition  to  those  above  named ;  namely, 
vesicles  of  various  form,  which  are  clear  and  transparent,  pale  contoured, 
and  free  from  nucleoli;  and  these  are  to  be  found  also  in  the  neive  emi- 
nences of  the  warm-blooded  animals.  They  are  products  of  the  vei-y  easily 
alterable  nerve  plate,  probably  acted  on  by  the  post-mortem  formation  of 
acid  in  the  muscle. 

Completely  isolated  muscular  fibres  removed  from  the  still  irritable  thigh 
of  a  lizard,  show  characters  which  are  almost  precisely  similar  to  those  of  the 
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frog;  for  thou^  the  muscular  fibres  are  thicker,  the  nerve  fasciculi  are  quite 
18  much  branched  and  divided.  It  is  a  matter  of  no  difficulty,  moreover, 
to  find  branches  so  placed  that  the  point  of  entrance  may  be  seen  in  profile ; 
80  that  here  also,  from  observations  made  on  the  pei-fectly  fresh  and  living 
object,  no  doubt  can  exist  in  regard  to  the  relations  that  exist  between  the 
nerve  and  muscle.  The  nerve  plates  can,  on  the  other  hand,  be  better  sur- 
veyed and  examined  in  f&ce,  enabling  the  nuclei  to  be  well  seen.  A  struc- 
ture of  beautiful  form  appears  between  these  in  pale  bands,  consistijig  of  a 

Fig.  65. 
A.  B.  C. 


Fig.  55.  MuBOular  fibres  with  nerve  ends,  from  Laoerta  viridis. 

A.  Seen  in  profile ;  p  p,  the  terminal  nerve  plate  ;  s  «,  the  base  or  support  of  the 
plate,  consisting  of  a  granular  mass  with  nuclei. 

B.  The  same  as  seen  in  a  perfectly  fresh  muscular  fibre,  whose  nerve  ends  are  still 
piobably  excitahle ;  the  delicate  and  pale  contours  which  the  frequently  branched  plate 
itttandly  possesses  are  not  expressed  in  the  woodcut. 

C.  The  same  as  it  appears  after  the  death  of  the  nerve  end,  as,  for  instance,  two 
hoara  after  poisoning  with  large  doses  of  woorara. 

delicate  pattern  of  parallel  lines,  which  sometimes  form  longer  cords,  some- 
times sinuous  plates,  which  are  again  perforated.  If  the  muscle  be  tetani- 
cally  contracted,  the  plates  appear  folded  like  the  crop  of  a  bird,  their  softly 
sinnous  edges  being  angular  and  serrated.  There  may  also  be  found  at  the 
p^phery  small  delicate  processes  with  club-like  ends.  Careful  focussing 
^th  the  microscope,  with  a  profile  view,  shows  that  the  terminal  plate 
lies  immediately  beneath  the  membrane  of  the  nerve  eminence,  and  just 
above  the  granular  mass  ;  for  it  will  be  found  that  the  greater  number  of 
bright  nuclei  first  make  their  appearance  on  eff*ecting  the  adjustment  for 
ti^h.  A  few  of  the  latter  do,  however,  lie  on  the  same  plane  as  particular 
parts  of  the  plate,  where,  for  instance,  they,  with  the  granular  mass  surround- 
ing them,  occupy  cavities  in,  or  lie  between,  its  folded  borders.  The  above- 
^ttcribed  image  is  extraordinarily  pale  and  delicate,  and  only  a  practised  eye 
can  recognize  it  in  quite  fresh  and  still  contracting  muscle.  It  is  seen,  for 
example,  in  the  very  thin  cuticular  muscles  of  the  Coluber  matrix,  which 
can  be  placed  under  the  microscope  without  preparation,  and  which  present 
a  few  nerve  ends  supplying  some  of  the  fibres  on  their  surface.  Now  inas- 
nmch  as  these  muscles  contract  through  their  whole  extent  when  their  nerves 
are  irritated,  and  whilst  still  imder  observation,  we  may  conclude  with  cer- 
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tainty  that  the  pale  and  delicate  image  of  the  terminal  plat^e  represents 
ti-uly  the  living  condition,  not  only  of  the  muscle,  but  of  the  nerve,  whose 
termination  it  forms. 

In  those  cases  where  the  muscular  fibre  dies  whilst  in  a  state  of  rest,  this 
image  becomes  continually  clearer  and  sharper ;  whilst  the  contour  of  the 
plate,  in  the  first  instance,  simply  becomes  more  clearly  defined,  without  un- 
dergoing any  essential  change  of  form.  But  since  portions  of  muscle  thus 
excised  rarely  die  in  the  condition  of  physiological  rest,  but  become  tetani- 
cally  contracted  before  the  occurrence  of  rigor  mortis,  and  are  then  fixed  in 
this  condition  by  coagulation,  it  is  comparatively  rare  to  meet  with  the  earli- 
est stage  in  which  the  image  is  best  shown.  It  is  advantageous,  therefore, 
to  permit  the  muscles  to  die  out  in  the  dead  body,  and  to  examine  them  be- 
fore they  are  so  much  stiffened  as  to  become  cloudy  and  opaque.  It  ap- 
peal's, therefore,  that  the  most  distinct  definition  of  the  plates  occurs  pre- 
viously to  the  death  of  the  muscle,  and  especially  at  the  time  of  the  death 
of  the  nerve  in  the  stage  known  to  physiologists  as  that  in  which  the  mus- 
cle can  no  longer  be  excited  to  contract  through  the  nerves,  but  is  still  ca- 
pable of  responding  to  direct  stimulation.  This  condition,  in  which  the 
muscle  long  retains  its  irritability,  may,  as  is  well  known,  be  induced  by 
poisoning  with  woorara,  if  the  poison  be  given  in  large  quantities,  and  be 
allowed  to  act  for  a  sufficiently  long  period  to  produce  evident  paralysis  of 
the  terminal  extremities  of  the  motor  nerves.  Muscles  that  have  thus  been 
poisoned  present  in  a  diistinctly  marked  manner  an  increased  sharpness  of 
contour  of  the  terminal  nerve  plate — an  appearance  which  may  consequently 
be  regarded  as  the  outward  and  visible  sign  of  commencing  paralysis.  This 
may  perhaps  be  the  result  of  a  slight  conti-action  of  the  plate,  or  of  an  in- 
appreciable retraction  of  the  granulated  basis  from  the  borders  of  the  plate, 
which  is  nevertheless  sufficient  to  induce  the  alteration  in  the  image  that  we 
observe. 

In  the  perfectly  stiffened  muscle,  when  its  reaction  has  become  acid,  the 
contours  of  the  plates  change  their  form ;  the  terminal  nerve  organ  becom- 
ing continuously  more  and  more  folded  and  notched,  and  at  length  divided 
off  into  spherical  masses,  vesicles,  or  other  forms,  which  are  sometimes  most 
remarkable.  The  whole  of  these  changes  may  also  be  quickly  induced  by 
the  action  of  very  dilute  acids ;  so  that,  in  point  of  fact,  no  difference  is 
observable  from  the  ordinary  cadaveiic  appearances,  especially  if,  in  order 
to  dilute  the  acids,  serum  instead  of  water  be  employed,  which  prevents 
imbibition  from  taking  place.  This  is,  perhaps,  a  proof  that  the  later  cada- 
veiic changes  of  the  terminal  plate  of  the  nerve  depend  on  the  post-mortem 
acidification  of  the  muscle. 

What  has  been  already  stated  in  reference  to  the  muscles  of  Lizards  and 
Snakes  is  equally  applicable  to  those  of  warm-blooded  animals,  and  also  to 
those  of  Man.  It  is,  indeed,  scai'cely  possible  to  break  up  human  muscles 
under  the  microscope  in  so  fresh  a  condition  that  they  may  still  be  excited 
by  irritation  of  their  nerves,  but  they  may  be  obtained  so  well  preserved 
from  amputated  limbs  that  the  terminal  plate  can  be  demonstrated  with  its 
nerve  eminence  but  little  altered,  or,  at  all  events,  not  separated  into  dis- 
tinct masses  by  a  process  of  constiiction.  The  plates  can  be  immediately 
seen  in  the  muscles  of  Mammals  and  Birds,  only  these  should  be  prevented 
from  becoming  too  rapidly  stiffened;  and  this  may  easily  be  accomplished 
by  lowering  the  temperature  of  the  preparation  to  32^  Fahr.,  and  the  ad- 
dition of  serum  at  the  same  temperature  on  cooled  slides.  With  the  rigidity 
which  here  always  supervenes  on  the  tetanic  condition,  the  object  ceases  to 
be  available  for  investigation,  chiefly  on  account  of  the  deeper-lying  fibres 
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of  the  muscle  becoming  too  opaque;  and  as  the  terminations  of  the  motor 
nerres  in  these  animals  become  paralyzed  instantaneously  after  the  cessa- 
tion  of  the  circulation  of  the  blood  through  them,  it  follows  that,  even  in 
the  fineshest  condition  of  preparations  taken  from  warm-blooded  animals, 
the  plates  do  not  present  very  sharp  outlines. 

The  determination  of  the  thickness  of  the  terminal  plate  and  its  relations 
to  the  adjoining  parts,  are  points  that  demand  meiiiodical  investigation. 
In  the  small  nerve  eminences  .  of  slender  muscular  fibres  it  presents  itself 
when  examined  in  profile  as  a  thin  mass  projecting  externally  into  the 
medollated  nerve  fibre  somewhat  in  the  form  of  a  cone,  with  a  sinuous  in- 
ferior border,  which  is  turned  towards  the  basal  substance  or  matrix  on 
which  it  rests  throughout  its  whole  extent,  and  by  which,  as  by  a  layer 
equal  to  itself  in  thickness,  it  is  separated  from  the  contractile  substance. 
In  accurately  made  transverse  sections  of  the  frozen  muscles  of  Lizards,  it 
appears,  on  the  other  hand,  in  the  form  of  an  irregularly  reniform  mass 
vhich,  at  some  points  at  least,  gives  the  impression  of  being  directly  super- 
imposed upon  the  muscular  prisms.  Such  preparations  i-emove  every  doubt 
respecting  the  relative  position  of  the  contractile  substance,  the  granular 
sobstance  of  the  nerve  eminence,  the  nerve  plates,  and  the  sarcolemma, 
which  undoubtedly  lie  in  that  order  from  within  outwards.  Moreover, 
transverse  sections  of  frozen  muscles  with  their  nerve  eminences  afford  an 
insight  into  the  thickness  of  the  nerve  plates.  They  show  that  this,  as  a 
whole,  is  not  inconsiderable ;  that  in  the  central  part  it  is  nearly  as  large  as 
the  Rhort  diameter  of  a  nucleus  of  the  basis  substance,  though  at  the  edges 
and  irregular  processes  it  is  far  smaller ;  so  that  were  it  not  for  their  trans- 
parency the  transverse  sections  of  these  parts  might  be  mistaken  for  granides 
of  the  basis. 

Preparations  made  with  osmic  acid  stain  the  nerves  as  far  as  the  apex  of 
the  nerve  eminence  of  a  bluish  black  color,  whilst  the  contractile  substance, 
the  nerve  plate,  and  the  basis  substance  assume  a  clear  yellow  tint,  and  fat 
molecules  in  the  muscle  become  brown, — ^reactions  wMch  prove  that  the 
whole  intraHDQascular  nerve  termination  loses  the  characteristic  constituents  of 
the  nerve  medulla.  The  terminal  nerve  plate  can  be  brought  into  view  in 
an  isolated  condition,  though  certainly  not  situated  externally  to  the  mus- 
de,  without  other  addition  than  clear  muscle  serum.  Isolated  muscular 
fibres  from  the  lizard,  fixed  under  a  covering  glass,  frequently  exhibit, 
when  they  are  in  a  complete  state  of  rigor  mortis,  such  contractions  of  the 
rnosde  eoagulom,  that  large  balls  of  tliis  material  accumulate  in  swollen 
portions  of  the  sarcolemma,  between  other  smaller  spaces,  filled  only  with 
muscle  serum.  If  the  last  mentioned  empty  spaces  happen  to  occur  at  the 
I^ace  of  the  nerve  entrance,  the  plate  hangs  free  in  the  lumen  of  the  sarco- 
lemma^  and  it  is  deserving  of  notice  that  it  even  then  still  adheres  to  the 
protoplasmic  substance  and  nuclei  which  constitute  the  basal  substance  of 
the  nerve  eminence.  It  appears,  therefore,  that  further  investigation  is  re- 
quisite to  enable  a  positive  statement  to  be  made  in  regard  to  the  union 
that  exists  between  the  two  constituents  of  the  nerve  eminence. 

From  what  has  been  now  advanced,  we  may  conclude,  then,  that  the  ap- 
pearances presented  by  the  extremities  of  the  motor  nerves  are  so  various 
that  scarcely  any  scheme  can  at  present  be  constructed  that  shall  give  a  rej>- 
reaentation,  the  morphological  and  physiological  features  of  which  shall  be 
applicable  to  all  animals.  According  to  Doy^re,  the  pale,  transparent,  and 
non-granular  nerve  of  Milnesium  tardigradum  becomes  convei'ted  at  the 
periphery  into  a  finely  granular  eminence,  which  partly  surrounds  the 
^oally  pale,  untroubled,  and  non-striated  muscular  fibre,  and  may  extend  a 
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little  distance  along  its  border.  These  statements  have  been  completely 
corroborated  by  renewed  and  very  careful  investigation  of  the  Tardigrada 
(bear  animalcules)  by  Y.  GreefiT.  This  observer  readily  found  the  appear* 
ances  so  long  known  from  Doy^re's  drawings,  but  also  observed  a  small 
spherical  nucleus  to  be  constantly  present  in  the  little  nerve  eminmice,  with 
a  few  sparsely  scattered  somewhat  larger  nuclei,  very  sparingly  surrounded 
by  punctated  protoplasm,  adherent  to  the  muscle,  and  which  for  the  most 
part  lie  at  a  considerable  distance  from  the  termination  of  the  nerve.     V* 

Fig.  56. 


''  Fig.  56.  Termination  of  a  nerve  in  Hilnesiimi  taidigradam(one  of  the  sloth  or  bear 
animalcules),  according  to  Greeff.  M,  muscular,  fibre ;  K,  nucleus  of  muscle ;  D, 
eminence  of  Doeyre  ;  N,  nerve. 

Greeff  was  unable  to  find,  either  on  the  nerve  or  on  the  muscle,  anything 
corresponding  to  the  sheath  of  Schwann  or  to  the  sarcolemma. 

Of  those  points  which  have  been  described  by  a  few  observers  in  respect 
to  the  termination  of  the  nerves  in  the  non-striated  muscles  of  the  lower 
animaJs,  and  in  the  smooth  muscular  tissue  of  the  Yertebrata,  mention  has 
already  been  made  under  their  appropriate  heading.  Tnnchese  has  given: 
some  details  respecting  the  termination  of  the  nerves  in  the  muscles,  that 
have  hitheiix)  been  regarded  as  unstriated,  of  Helix  pomatia  and  of  Bower- 
bankia.  According  to  him,  a  fine  nerve  fibril  enters  the  large  muscular 
fibre  cells  of  the  muscular  apparatus  of  the  foot  of  Helix  pomatia  near  their 
centre,  divides  immediately  in  their  interior  into  two  branches,  which  ex- 
tend to  the  two  pointed  ends  of  the  muscular  fibre  in  the  form  of  two  elon- 
gated, and  towards  their  extremities  spirally  twisted,  threads.  In  the  cen- 
tre, and  just  subjacent  to  the  point  of  division,  an  ellipsoidal  accumulation 
of  finely  granular  substance  exists.  In  Bowerbankia,  whose  muscles  Trin- 
chese  likewise  describes  as  smooth  bands,  only  a  low  conical  process  of  the 
somewhat  broader  nerve  fibre  is  present,  in  which  cone,  and  at  its  base 
where  it  touches  the  muscle,  is  the  granular  material  with  a  spherical  nu- 
cleus and  nucleoli. 

The  question  now  arises,  what  is  the  essential  nature  of  the  termination 
of  the  motor  nerve  ?  The  author  cannot  doubt  that  this  is  at  present  most 
imperfectly  known  in  the  Arthropoda.  Rouget,  indeed,  states  that  he  suc- 
ceeded in  perceiving  a  prolongation  of  the  axis  cylinder  in  the  nerve  emi- 
nence in  the  form  of  a  system  of  branched  fibres ;  and  we  must  probably 
admit  that  this  system  does  exist :   but  the  further  statement  of  Bouget, 
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who  attributes  nervous  properdes  to  this  part  alone,  as  was  generally  pre- 
TioQsly  admitted  in  Germany,  and  that  this  ramified  system  of  fibres  lies 
be&eath  the  nucleated  substratum,  appears  to  the  author  to  be  very  much 
in  need  of  confirmation.  Engelmann,  who  also  examined  the  muscles  of 
the  Arthropoda^  depicted  a  transparent  homogeneous  and  quite  vesicular 
mass  at  tlie  apex  of  his  nerve  eminence,  which  appears  to  be  the  analogue 
of  the  terminal  nerve  plate  found  in  Beptiles  and  Mammals,  and,  like  these, 
to  be  bounded  throughout  the  greater  part  of  the  siuface  turned  towards 
the  contractile  substance  by  a  granulated  substratum.  If  this  supposition 
be  established — namely,  that  in  the  Arthropoda  also  a  non-granular  plate, 
or  even  a  structure  similar  to  the  intra-muscular  axis-cylinder  system  of  the 
Amphibia  is  present,  covering  the  granular  nucleated  substratum,  to  which 
Rooget^s  statements  appear  to  point — we  should  have  obtained  the  much- 
desired  uniformity  of  structure ;  and  there  would  then  be  one  mode  of  nerve 
termination,  in  which  the  nerve  ends  with  a  motor  plate  in  a  nerve  emi- 
nence, resting  on  a  nucleated  bed  of  protoplasm  or  a  matrix ;  and  a  second 
mode,  in  which,  as  in  Amphibia,  the  matiix  is  absent,  and  the  ner\'e  ends 
in  an  elongated  and  branched  fibre-like  plate.  Only  the  Amphibia  possess 
t^'rminal  bulbs,  the  analogue  of  which  Cohnheim  stands  alone  in  consider- 
ing to  be  found  in  the  plates  of  Lizards ;  that  is  to  say,  in  the  small  granular 
sesfiile  and  more  conical  coi*pu8cles  that  are  found  in  these  animals,  respect- 
ing which  further  investigations  are  needed.  Greeif  first  advanced  the  view 
that  the  mode  of  nerve  termination  in  Milnesium  may  be  assimilated  to  an 
expanded  flat  ganglion  cell  adherent  to  the  muscular  fibre ;  and  were  we  to 
transfer  this  idea  to  the  higher  animals  we  should  have  to  regard  their 
nerves  as  terminating  in  a  collection  of  ganglion  cells,  corresponding  in 
nnmber  to  the  nuclei  present,  or  in  a  ganglion  cell  containing  many  nuclei, 
or  perhaps  in  a  series  of  ganglion  cells  which  have  become  fused  together ; 
that  is  to  say,  which  have  formed  a  ganglionic  nerve  plate.  This  view  does 
not,  however,  materially  advance  our  knowledge ;  for,  even  if  it  be  correct, 
ve  shall  have  to  seek  for  the  minute  anatomy  of  these  terminal  ganglion 
cells  just  as  has  been  done  for  those  of  the  nervous  centres  and  others  ;  and 
if  we  have  already  acquired  a  considerable  amount  of  information  respect- 
ing these,  we  yet  know  still  more  in  regard  to  the  nei-ves  terminating  in 
muscle,  since  we  are  acquainted  with  the  plates,  and  their  subjacent  proto- 
plasm, from  which  they  are  rarely  sharply  differentiated.  We  need  not 
d<%pair  of  discovering  their  analogue  in  all  nerve  eminences,  even  in  the 
minute  ones  of  Milnesium,  though  perhaps  better  instruments  and  improved 
methods  of  investigation  will  be  required  to  discover  the  finer  points  of 
their  structure  than  those  we  at  present  possess. 

As  long  as  the  granular  contents  of  the  nerve  eminence  were  regarded  as 
the  proper  continiuition  of  the  axis  cylinder,  as  it  now  is  by  Rouget,  in  the 
case  of  Mammals  and  Reptiles — though  he  does  not  perceive  that  this  in- 
volves a  contradiction  to  his  former  very  decisive  and  explicit  statements 
that  in  the  Arthropoda.  his  system  of  fibres  was  the  only  part  of  a  ti-uly 
nervons  nature,  the  remaining  structures,  i.  e.  the  granular  mass  and  the 
nuclei,  being  accessory — so  long  could  the  view  be  maintained  that  the 
nerve  becomes  directly  continuous  with  the  contractile  substance.  This 
last  idea  is,  however,  opposed,  from  a  morphological  point  of  view,  by  a 
cofisideratiou  of  the  mode  of  nerve  teimination  in  the  frog ;  since,  if  there 
be  a  fact  in  the  whole  range  of  this  inquiry  capable  of  being  easily  ascer- 
tained, it  is  the  invariably  sharply  defined  and  distinct  termination  of  the 
intrsrmuscular  axis  cylinder  in  the  Amphibia.  That  view  is  also,  and  has 
iong  been,  opposed  by  physiological  considerations ;  for  it  is  demonstrable 
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that  the  muscle  does  not  act  upon  the  nisrve  fibre,  but  that,  on  the  contrary, 
all  stimuli  are  conducted  from  the  nerve  to  the  muscle,  and  never  in  the 
inverse  direction ;  and  for  this  purpose  the  nerve  termination  forms,  as  we 
now  know,  the  visible  structure.  It  may  indeed  be  that  a  finer  series  of 
radiating  processes  from  the  nerve  plate  may  penetrate  between  the  granules 
of  the  substratum  than  we  are  at  present  disposed  to  admit ;  and  many 
circumstances  may  be  adduced  in  favor  of  this  supposition,  as,  for  example, 
the  intimate  adhesion  of  the  two  parts  to  one  another,  even  when  the  con- 
tents of  the  eminence  no  longer  rest  upon  the  muscle.  It  is  obvious,  then, 
that  it  remains  to  be  shown  that  the  substratum  constitutes  a  direct  transi- 
tion to  the  contractile,  since  there  are  muscles,  especially  amongst  the  Am- 
phibia, in  which  this  structural  characteristic  is  entirely  absent. 

The  present  state  of  our  information  upon  these  points  may  be  shortly 
expressed  as  follows : — 

In  all  transversely  striated  muscles  the  nerves  terminate  beneath  the  sar- 
Golemma,  the  sheath  of  Schwann  becoming  continuous  with  the  latter.  Up 
to  this  point  the  axis  cylinder  is  accompanied  by  the  medullary  sheath.  The 
extremity  of  the  axis  cylinder  always  con*esponds  to  a  remarkably  broad  ex- 
pansion, which  constantly  foims  a  fiat  branching  mass.  This  terminal  nerve 
plate  sometimes  presents  the  character  of  a  membrane,  and  at  others  r^- 
sembles  a  system  of  fibres.  In  the  greater  number  of  cases  the  plate  rests 
upon  a  substratum  of  nuclei  and  finely  granular  protoplasm,  whilst  in  others 
this  material  is  absent,  and  the  nerve  plates  possess  the  so-called  terminal 
nerve  bulbs.  The  extremity  of  the  nerve  never  penetrates  into  the  interior 
of  the  contractile  cylinder,  and,  on  the  other  hand,  never  entirely  invests  it. 
Short  muscular  fibres  usually  receive  only  one  nerve  ;  but  long  fibres  have 
several. 

We  may  add,  hypothetically,  that  the  substratum  represents  the  remains 
of  a  formative  material  important  in  the  development  of  both  the  muscular 
and  nervous  tissue,  and  that  a  similar  explanation  may  be  ofiered  of  the 
nature  of  the  terminal  nerve  bulbs  in  respect  to  the  nervous  tissue. 

History  and  Literature. — The  preceding  observations  have  been  so  ordered  ba 
to  give  the  historical  development  of  the  principal  facts  with  which  we  are  at  present 
acquainted  respecting'  the  modes  in  which  nerves  terminate  in  muscle.  Those  ob- 
servers, therefore,  that  have  contributed  any  essentially  new  information  on  the  sub- 
ject, have  already  been  mentioned-  A  few  remarks  may,  however,  still  be  added, 
since  the  questions  involved  have  given  occasion  to  lively  controversy  during  the  last 
ten  years. 

In  few  departments  of  histology  has  methodically  prosecuted  investigation,  pro- 
ceeding always  from  hypothesis,  proved  more  fruitful  in  results  than  in  relation  to 
the  question  of  the  connection  existing  between  nerve  and  muscle.  The  modem 
science  of  morphology  has  undoubtedly  reaped  the  value  of  that  experience  that  has 
been  obtained  in  all  other  branches  oi  knowledge,  in  having  become  a  special  subject ; 
and  the  example  before  us  will  serve,  perhaps,  to  point  out  the  advantages  that  his- 
tology, which  inclines  as  much  towaids  morphology  as  towards  physiology,  has  to 
anticipate  from  hypotheses  borrowed  from  both  departments. 

We  shall  here  leave  unnoticed  the  older  works,  so  far,  at  least,  aa  they  bear  upon 
the  unsatisfactory  view  of  nerve  loops. 

In  the  same  year  that  Savi  (2)  communicated  his  important  observations  of  the 
division  of  the  primitive  nerve  fibres  in  the  electric  organs  of  the  Torpedo  to  a  scien- 
tific congress  at  Florence,  Doyfere  (1)  discovered  the  termination  of  the  motor  nerves 
in  Milnesium  tardigradum.  Remik  (3)  then  incidentally  stated  that  in  mammals  the 
nerves  appeared  to  him  to  end  in  a  plexus  of  pale  fibres,  winding  around  the  external 
surface  of  the  sarcolemma.  Quatrefages  (4)  verified  the  discoveiy  of  Doyere  in  the 
case  of  Eolidina.  In  1844,  E.  Briicke  and  Joh.  Miiller  first  observed  the  division  of 
primitive  nerve  fibres  in  the  muscles  of  the  eye  of  the  pike,  and  B.  Wagner  (6)  ob- 
served the  same  thing  in  the  musculus  hyoideus  of  the  frog.  Kolliker  (7)  soon  after 
established  the  Doy^rian  mode  of  termination  of  the  nerves  in  the  larva  of  Chirono- 
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mna,  and  Reichert  (8)  demonstrated  the  division  in  the  cutaneous  muscle  of  the  tho- 
rn in  the  frog,  where  he  found  by  direct  counting  that  a  few  nerve  fibres  fur- 
nish more  brandies  than  the  number  of  the  muscular  fibres  to  be  supplied.  The  Doyd- 
oanmode  of  termination  was  again  corroborated  by  Meissner  (9),  in  Mermis  and  Asca- 
DS,  and  by  Wedl  (10),  Walther  (11),  and  Munk  (12),  in  several  Nematodes.  At  a  some- 
vInt later  period.  Schaafhausen  expressed  himself  in  terms  similar  to  those  of  Remak, 
and  believed  that  he  had  seen  a  fine  network  of  fibres,  tinted  with  carmine,  investing 
the  whole  muscular  fibre.  At  this  date  the  above-described  mode  of  termination  of  the 
nerres  in  the  muscles  of  insects  was  discovered  (14,  15),  and  inasmuch  as  the  nerves 
were  here  proved  to  terminate  beneath  the  sarcolemma  in  muscles  possessing  this 
membrane,  the  view  entertained  by  Schaafhausen  respecting  the  similarly  construct- 
ed muscles  of  vertebrate  animals  was  rendered  improbable.  Nevertheless,  a  similar 
oonchisiion  was  arrived  at  by  Beale  (16,  17),  an  energetic  inquirer  who  maintained 
(hat  in  the  frog  in  particular  the  nerves  gave  oS  relatively  broad  nucleated  fibres. 
Knoe.  however,  he  did  not  adopt  the  method  of  isolation,  but  colored  his  prepara- 
tkns  deeply  vnth  carmine,  it  is  possible  he  may  have  been  deceived  by  the  confusion 
of  fibres  traversing  the  accessory  structures  associated  with  muscle.  Investigations 
imdertaken  upon  isolated  muscular  fibres  from  the  frog  (18,  20)  now  led  to  the  dis- 
oorety  of  the  intra-muscular  axis  cylinder  and  its  terminal  bulbs.  The  penetration 
of  the  nerve  through  the  sarcolemma,  now  for  the  first  time  demonstrated,  was  estab- 
Ixihed  by  Margo  (19),  who  considered  the  axis  cylinder  terminated  in  a  system  of  nu- 
dested  and  granulated  fibres  which  penetrated  the  contractile  substance  to  all  depths. 
The  views  of  Margo,  which  he  subsequently  extended  to  the  Arthropoda  (27),  have 
never  found  adherents,  since  they  clearly  rested  on  illusory  appearances  caused  by 
the  well-known  serially  arranged  interstitial  granules  which  are  present  in  so  many 
ranscles.  In  the  mean  while  KoUiker  reverted  to  the  views  of  Beale,  but  with  the 
addition  that  he  regarded  the  nerves  as  frequently  exhibiting  free  extremities,  and 
did  not,  as  Beale  thought,  form  a  completely  closed  plexus.  Besting  on  this  assump- 
tko.  Kolliker,  who  undoubtedly  first  rediscovered  the  intra-muscular  axis  cylinder  of 
the  frog  (25,  26),  maintained  that  the  terminal  bulbs  there  seen  were  really  nuclei  of 
fthe  sh^ith  of  Schwann.  Krause  (24)  and  Rouget  (29)  agreed  with  him  in  all  points, 
and  now,  whilst  Beale  (28)  retained  his  first  opinion  as  being  applicable  to  all  classes 
of  animals,  Bouget  (29)  came  forward  with  his  discovery  of  the  nerve  eminence  in 
Teptiles  and  warm-blooded  animals,  and  was  corroborated  in  all  essential  particulars 
hj  Kiaose  (31),  Engelmann  (34,  38),  and  the  author  (39,  40) ;  by  the  latter,  indeed, 
with  special  emphausis,  because  Krause  had  given  quite  a  different  signification  to  the 
nerve  eminence  ;  had  placed  it  external  to  &e  sarcolemma  ;  had  described  the  nuclei 
at  being  sitaated  in  the  membrane,  and  the  whole  structure  as  being  an  organ  more 
aaalogoos  to  the  nerve  bxdbs  invested  by  the  sac-Hke  sheath  of  the  nerve.  The  op- 
poBite  views  that  Krause  took  on  these  points  to  the  descriptions  given  by  Rouget, 
Waldeyer  (35),  Letaerich  (37),  and  Engelmann,  were  based  on  the  application  of  un- 
oeitain  methods  of  investigation,  especially  in  the  attempt  to  establish  the  presence  of 
a  sharply  defined  line  belonging  to  the  sarcolemma  between  the  contractile  substance 
and  the  sabstratnm  of  the  nerve  plate,  which  he  obtained  by  the  coagulation  of  the 
mnsde  in  bichromate  of  potash,  or  by  the  examination  of  the  transverse  sections 
ol  dried  muscle.  The  lines  thus  produced  do,  indeed,  lie  subjacent  to  the  sarcolem- 
ma. It  is  conceivable  that  Krause,  and  perhaps  also  Letzerich,  if  the  author  rightly 
eompiehends  the  latter,  perceived  in  the  nerve  eminence  the  first  indications  of  the 
nerve  plate  ;  that  which  Krause  described  as  a  pale  terminal  fibre  ending  in  a  bulb 
being  a  portion  or  an  optical  longitudinal  section  of  the  nerve  plate,  whilst  that  which 
I<etaench  compared  to  fluid  wax  was  the  plate  itself.  Thus,  in  the  first  investiga- 
tion on  the  muscles  of  Reptiles  in  Germany,  the  nerve  plate  was  recognized  (47)  as 
the  inunediate  and  proper  terminal  organ  of  the  axis  cylinder,  whilst  it  was  at  the 
■ame  time  established  that  the  granulated  and  nucleated  mass  previously  taken  for 
it  was  only  the  substratum  of  the  plate.  That  which  Rouget,  Engelmann,  Waldey- 
er,  and  Krause  regarded  as  the  nerve  plate,  advantageously  exchanged  its  name  for 
that  of  nenre  eminence  (Doydre's  cone),  in  order  to  preserve  the  otherwise  very  ap- 
propiiate  term  of  terminal  plate  for  the  true  extremity  of  the  nerve,  which  expresses 
well  ibe  peculiar  form  that  it  presents.  The  nerve  plate  was  soon  recognized  as  an 
enential  oonatituent  of  the  nerve  eminence  in  the  muscles  of  warm-blooded  animals 
and  of  man  (48).  In  the  mean  time  Rouget  (43)  and  Krause  (41),  in  the  case  of  the 
frog,  pnxBoing  the  method  suggested  by  Waldeyer,  who  also  believed  he  had 
■sen  a  nenre  eminence  in  that  ammal,  adopted  another  view,  Krause  describing  in 
the  muscles  of  the  frog  extremely  minute  nerve  eminences  which  he  believed  to  be 
atoated  externally  to  the  sarcolemma,  and  to  which  long,  pale,  and  delicate  nerve 
fiteea  ran,  whilst  Rouget  considered  that  the  nerves  ended  by  a  blunt  extremity  at 
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the  sarcolemma,  which  was  itself  oonidnnons  with  the  sheath  of  Schwann.  Neith^ 
a  nerve  eminence,  nor  any  similar  pr(^ongation  of  the  axis  cylinder  is  present,  ac- 
cording to  Rouget,  in  fche  mnsdes  of  the  frog.  The  true  intra-muscnlar  termina- 
tion of  the  nerve  again  apparently  escaped  the  observation  of  both  observers ;  for 
Kranse,  in  preparations  where  the  nerves  had  undergone  much  stretching,  and  had 
on  that  account  become  attenuated,  mistook  the  point  of  attachment  of  the  nerve 
which  had  thus  been  rendered  conical  with  the  ultimate  nuclei  of  the  sheath  of 
Schwann  for  the  nerve  eminence ;  whilst  Bouget  obviously  overlooked  the  entire  ex- 
pansion of  the  now  no  longer  medullated  nerve,  after  he  had  been  accustomed  to  the 
infinitely  more  sharply  defined  images  of  the  same  parts  in  the  muscles  of  lizards. 
In  the  mean  while  Engelmann  (38)  had  been  succesed^ul  in  discovering  the  elongated 
expansion  of  the  axis  cylinder  in  the  frog,  with  the  exception  only  th^  he  denied  the 
minute  anatomy  of  the  terminal  bulbs,  ^id  believed  a  granular  substratum  to  be  here 
present,  constituting  an  intermediate  structure  between  nervous  and  contractile  tis- 
sue, and  continuous  with  both.  The  objections  to  this  view,  extended  by  Engelmann 
to  the  muscles  of  all  animals,  have  been  already  adduced,  and  it  need  here  only  be 
added  that  his  description  of  the  granular  mass  in  the  frog  is  decidedly  ernmeoos. 
The  most  satisfactory  demonstration  of  the  accuracy  of  the  mode  of  termination  of 
the  nerves  described  in  the  text  results  from  the  application  of  the  silver  mode  of  pre- 
paration, and  has  been  furnished  by  Gohnheim  (46, 60) ;  this  mode  is  equally  well  adapt- 
ed to  display  the  terminal  nerve  plate  in  the  Doydrian  eminence  which  comes  into 
view  in  muscles  blackened  with  silver,  in  the  form  of  a  beautiful  white  pattern.  The 
same  author  has  pointed  out  that  the  isolation  of  the  nerves  from  the  remains  of  the 
nerve  eminence  adherent  to  them,  accomplished  by  Erause  with  the  aid  of  moder- 
ately strong  hydrochloric  acid,  is  not  to  be  regarded  as  a  proof  of  the  eminence  being 
situated  on  the  outer  surface  of  the  sarcolemma,  because  the  acid  under  the  condi- 
tions maintained  by  Krause,  to  wit,  degree  of  concentration  and  duration  of  action, 
effects  the  solution  of  the  sarcolemma,  and  consequently  lays  bare  the  mnsde,  and 
breaks  down  the  continuity  of  the  nerve  with  the  muscular  fibre.  The  existence  of 
the  terminal  plate  has  still  more  recently  been  vigorously  contested  by  Rouget  (56) 
and  Krause,  who  explain  the  whole  appearance  as  a  hitherto  undescribed  pont-martem 
phenomenon  of  coagulation,  in  contradiction  to  which,  again,  Rouget  stated  that  the 
true  termination  of  the  axis  cylinder  in  the  nerve  eminence  consists  in  its  metamor- 
phosis into  a  granular  mass  with  interspersed  nuclei.  Rouget  soon  again  retracted 
this  view  for  the  muscles  of  Arthropoda,  and  espedally  for  those  of  Crustacea,  in 
which  he  discoved  an  analogue  to  the  plate,  or  at  least  to  the  more  fibrous  mode  of 
the  termination  of  nerve  fibres  that  occurs  in  the  frog.  It  is  reserved  for  further  re- 
search to  decide  whether  Rouget^s  statements  are  correct,  to  the  effect  that  this  fibre 
system,  in  opposition  to  all  analogy  derived  from  the  Vertebrata,  penetrates  the  granu- 
lated substratum,  and  comes  into  direct  contact  with  the  contractile  substance. 
Engelmann's  observations  (67),  at  all  events,  expressly  establish  the  latter  point. 

To  all  appearance,  the  general  results  of  inquiry  upon  the  important  question  of 
the  mode  of  termination  of  the  motor  nerves  seem  to  show  that  the  views  of  Remak, 
Beale,  and  KoUiker  must  generally  be  given  up,  whilst  Rouget  admits  that  in  the 
case  of  Crustacea,  at  least,  the  axis  cylinder  does  not  terminate  in  a  band-like  and  gra- 
nular manner.  It  appears,  lastly,  from  the  very  recent  brief  essay  of  Krause  (64),  &at 
this  author  also  has  given  up  his  two  former  views  in  respect  to  the  muscles  of  Am- 
phibia, and  has  now  actually  seen  the  fibre  system  of  the  intra-muscnlar  axis  cylinder, 
and  also,  by  the  application  of  the  coloring  method  with  solutions  of  gold,  the  ex- 
ceedingly beautiful  form  of  the  nerve  plate  in  the  muscles  of  Lizards.  The  next 
step  that  has  now  to  be  taken  in  advance,  is  to  interpret  the  relations  of  the  lower 
surface  of  the  plate  to  the  granulated  substratum.  The  author  is  unable  to  express 
an  opinion  upon  the  statements  of  Trinchese  (63),  which  relate  to  the  nerve  eminence 
of  the  Torpedo.  According  to  this  observer,  the  nerves  of  this  fish  possess  duplicate 
sheaths  at  their  extremity,  of  which  only  the  perineurium  is  continuous  with  the  sar- 
colemma, whilst  the  nucleated  sheath  of  Schwann  accompanies  the  axis  cylinder 
where  it  penetrates  into  the  nerve  eminence,  and  everywhere  loosely  invests  the  flat 
plexus  formed  by  the  division  of  the  axis  cylinder.  Trinchese  describes  peculiar  gan- 
glionic enlaigements  on  the  thus  modified  axis  cylinder,  and  true  terminal  ganglion 
cells,  with  nucleus  and  nucleoli,  on  the  projecting  extremities  of  the  network  ;  other 
nuclei  distributed  through  the  nerve  eminence  he  refers  to  the  sheath  of  Schwann 
contained  in  the  muscle.  The  drawings  of  Trinchese,  although  taken  from  prepara- 
tions materially  modified  by  diluted  hydrochloric  acid,  and  undoubtedly  deprived  of 
their  best  qualities,  show  what  excellent  materials  were  at  his  disposal,  and  render 
it  extremely  probable  that  these  animals  present  the  most  magnificent  motor  terminal 
plates  in  existence,  though  the  delicacy  and  beauty  of  their  form  are  lost  in  all  bat 
physiologically  fresh  specimens. 
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k  CHAPTER  VI. 

THE   BEHAVIOB  O*"    MUSCULAU  FIBRES  WHBK    EXAMINED  BY  POLARIZED 

LIGHT. 

By  E.  BRtJCKE. 

When  muscular  fibres  are  examined  with  a  microscope  to  wHcli  a  polar- 
izing apparatus  is  attached,  remarkable  and  instructive  phenomena  are  ob- 
serred.  If  the  field  be  darkened  by  crossing  the  planes  ot  polarization  of 
the  NicolV  prisms,  those  fibres  only  disappear  which  lie  parallel  to  the  plane 
of  polarisation  of  one  or  other  of  the  prisms ;  the  rest,  which  cut  those 
planes  at  various  angles  between  0°  and  90°,  appear  of  a  gray  color  upon  a 
black  ground,  the  most  distinct  being  those  which  cut  them  at  an  angle  of 
45®.  In  tho>^  parts  where  the  muscular  fibres  running  parallel  with  one 
another  are  arranged  in  several  layers,  the  color  assumes  a  whitish  tint, 
passing  into  yellow.  The  tint  varies  with  the  thickness  of  the  layers,  pre- 
cisely as  the  succession  of  colors  in  Newton's  rings,  from  the  centre  towards 
the  circumference.  If  one  of  the  Nicol's  prisms  be  turned  to  the  extent  of 
90®,  so  that  the  field  becomes  clear,  and  attains  its  maximum  brightness,  the 
complementary  tints  make  their  appearance.  These  phenomena,  with  others 
that  will  presently  be  described^  are  equally  apparent  when  the  muscular 
fibres  are  thoroughly  impregnated  with,  and  sun-ounded  by,  strongly  reft-ac- 
ting  fluids,  as  glycerine,  tur])entine,  and  Canada  balsam.  This  is  essential- 
] J  owing  to  the  circumstance  that  the  muscle  substance  is  doubly  refractile, 
two  systems  of  undulations  propagating  themselves  according  to  different 
laws,  and  interfering  the  one  with  the  other. 

This  explanation  had  already  been  given  in  1839  by  Prof.  C.  Bceck,*  of 
Christiania,  who  was  the  first  that  applied  the  polarizing  microscope  to  the 
investigBtion  of  animal  and  vegetable  tissues;  and  no  other  intelligible 
explanation  has  sinoe  this  period  been  advanced  of  the  phenomena  observed. 

The  next  question  to  determine  is,  whether  the  entire  substance  of  the 
muscular  fibres  possesses  an  equal  power  of  double  refraction,  or  whether  it 
it  is  possible  to  distinguish  doubly  refracting  from  isotropal  parts.  If  suf- 
ficiently high  magnifying  powers  are  employed,  and  the  observations  be 
made  on  animals  which  have  large  sarcous  elements,  amongst  which  our 
large  water-beetle,  the  Hydrophilus  piceus,  is  the  best,  it  will  be  immediately 
seen  that  only  the  sarcoUs  elements  are  doubly  refracting,  and  that  the  inter- 
vening material  which  separates  them  from  one  another  is  isotropal ;  for  it 
remains  dark  in  the  dark  field  of  the  crossed  Nicol's  prisms,  in  whatever 
azimuth  the  muscular  fibre  to  which  it  forms  a  part  may  be  placed ;  it  is 
just  as  dark  in  those  muscular  fibres  which  form  an  angle  of  45^  with  the 
polarizing  planes  of  the  prisms,  as  in  those  which  make  an  angle  of  0°  or  of 
90*^  with  those  planes. 

*  T^nmietkms  of  the  ScaneUruieian  Society  of  Naturalists  in  Gotheborg  in  1839,  . 
and  ta  Copenhagen  in  18^.    Beport  on  the  progress  of  Anatomy  and  Physiology  in 
Bomndsnadan  Literature  in  the  years  1840-1848,  by  Ad.  Hannover,  in  J.  MOller'a 
Archie  ffirAnaiamieu.  B^eiofogie,  1844. 
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This  becomes  still  more  evident  if  a  vater-beetle  be  killed  by  immersion 
in  strong  alcohol,  and  after  a  few  days'  maceration  the  muscles  of  one  of  its 
thighs  be  placed  in  oil  of  turpentine,  and  finally  in  Canada  balsam.  Owing  to 
the  high  refracting  index  of  the  balsam  the  muscular  fibres  appear  in  ordinary 
light  very  pale  and  transparent,  and  all  the  stronger  shadows  vanish  ;  but  on 
this  very  accoimt  all  the  phenomena  caused  by  double  refraction  appear  with 
corresponding  distinctness  under  the  polarizing  microscope.  But  in  what 
way  are  the  sarcous  elements  doubly  refractile  ?  Are  they  positive  or  nega- 
tive ?     Are  they  uniaxial  or  biaxial  ? 

If  a  transverse  section  of  the  muscle  hardened  in  spirit  be  thoroughly 
impregnated  with  Canada  balsam,  and  examined  with  the  polarizing  appa- 
ratus, it  will  be  found  that  as  it  is  turned  round  the  axis  of  the  instrument 
a  portion  of  the  cut  surface  remains  constantly  dark  in  the  dark  field  of  the 
crossed  Nicol's  prism,  while  the  remainder,  in  the  effective  azimuths — that 
is,  in  those  in  which  they  make  angles  between  0°  and  45°  with  the  planes 
of  polarization — become  clear.  It  soon  appears  that  such  as  always  remain 
dark  are  those  which  lie  exactly  parallel  to  the  axis  of  the  instrument, 
whilst  this  is  not  the  case  with  the  rest.  There  is  thus  ail  optic  axis  pre- 
cisely corresponding  with  the  longitudinal  direction  of  the  muscular  fibi-es. 
Now,  inasmuch  as  this  coincides  with  the  longitudinal  dimensions  of  the 
straight  prisms  represented  by  the  sai'cous  elements,  and  since  we  are  unable 


to  discover  a  second  optic  axis,  or  any  indication  of  its  existence,  we  must 
regard  the  sarcous  elements  as  uniaxial. 

Are  they  positively  or  negatively  doubly  refractile  ?  In  order  to  deter- 
mine this  I  have  constructed  the  instrument  shown  in  the  accompanying 
figure.  The  blackened  brass  plate  a  a,  perforated  in  the  centre,  and  con- 
nected to  the  object  plate  of  the  microscope,  possesses  two  slides,  which  can 
be  moved  over  one  another ;  the  lower  c  c  by  means  of  the  micrometer  screw 
5,  the  upper  e  e  with  the  unassisted  hand  by  means  of  the  handle  d  on  the 
parallelogram  g  g.  Both  slides  carry  prisms  of  quartz,  the  upper  one  mova- 
ble in  the  direction  of  its  length  in  a  groove  h  h ;  the  lower  one  fixed,  and 
only  movable  together  with  the  slide  by  means  of  the  micrometer  screw 
The  prisms  rest  upon  their  thin  edges,  and  the  stage  is  perforated  immedi 
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itely  beneath  them,  so  that  the  light  is  freely  transmitted.  They  have  both 
a  coiresponding  angle  of  I^  6'  54",  and  are  so  cut  that  one  of  the  inclined 
planes  in  each  is  parallel  to  the  crystallographic  principal  axis,  so  placed 
that  the  light  reflected  from  the  mirror  of  the  microscope  passes  perpendicu- 
larly to  this  axis  in  each,  and  so  arranged  that  the  two  principal  axes  cross 
each  other  at  right  angles,  each  of  them  making  an  angle  of  45°  with  the 
polarizing  plane  of  the  subjacent  NicoFs  prism.  Since  the  two  prisms  act 
in  a  oontniry  sense,  so  that  the  ray  which  is  ordinary  in  the  first  becomes 
extraordinary  in  the  second,  there  are  obtained,  if  the  NicoPs  prism  situated 
above  the  ocular  be  made  to  cross  that  which  lies  below  the  quartz,  a  few 
black  strue,  where  equal  thicknesses  of  the  lattor  lie  over  one  another,  whilst 
on  both  aides  colors  appear  in  the  sequence  of  the  Newtonian  system  of 
rings  for  reflected  light.  The  prisms,  moreover,  by  sliding  can  be  so  ar- 
ranged that  the  black  stria  which  is  present  when  the  differences  of  velocity 
of  the  rays  =  0,  or  the  color  corresponding  to  some  determinate  difference 
of  the  ray,  can  be  made  to  occupy  the  middle  of  the  field. 

1  now  make  the  upper  of  the  two  quartz  crystals  an  object  stage,  and  distri- 
bate  the  muscular  fibres  of  Hydrophilus  piceus  upon  it  in  such  a  mode  that, 
vhilst  some  lie  parallel  to  the  principal  axis,  others  ai*e  arranged  perpen- 
dicularly to  it.  If  the  micrometer  screw  is  now  turned  so  that  an  increas- 
ingly thick  portion  of  the  lower  prism  is  gradually  brought  into  the  field,  it 
vQl  be  remarked  that  each  color  is  first  assumed  by  those  muscular  fibres 
vhich  are  arranged  at  right  angles  to  the  axis  of  the  upper  prism,  then  by 
the  ground,  and  lastly  by  the  muscular  fibres  which  lie  parallel  to  the  axis 
of  the  upper  prism.  If  the  screw  be  turned  in  the  opposite  direction,  these 
eoloni  are  first  shown  by  those  muscular  fibres  which  lie  parallel  to  the  axis 
of  the  upper  prism,  then  by  the  ground,  and  then  by  the  fibres  which  stand 
perpendicularly  to  the  axis  of  the  upper  prism.  Every  muscular  fibre  there- 
fore acts  optically  like  a  thickening  of  the  prism  to  the  axis  of  which  it  is 
parallel,  or,  which  is  the  same  thing,  as  an  attenuation  of  the  prism  to  the 
aria  of  which  it  is  perpendicular.  The  sarcous  elements  are  consequently 
positive  like  rock  crystal. 

The  proof  of  this  is  obvious.  Since  the  light  passes  through  the  first  prism 
at  ri^t  angles  to  its  principal  axis,  the  plane  of  vibration  of  the  extraor- 
dinary ray  is  perpendicular  to  the  principal  axis,  that  of  the  ordinary 
ray  parallel  to  the  principal  axis,  or  at  an  azimuth  of  90°  from  the 
former.  The  extraordinary  ray  precedes  the  ordinary,  and  interference 
phenomena  exhibit  differences  of  shade,  which  are  dependent  on  the  thick- 
tteiM  of  the  prism,  and  the  wave-lengths  of  the  ordinary  and  extraordinary 
ray.  The  two  rays  emerge  from  the  first  prism  with  this  difference  of  shade, 
and  as  they  penetrate  into  the  second,  which  crosses  the  first  at  90°,  the 
ordinary  ray  can  only  produce  vibrations  parallel  to  the  axis,  the  extraor- 
dinary only  those  which  are  at  right  angles  to  the  principal  section.  Thus 
the  vibratious  which  constitute  the  ordinary  rays  of  the  first  prism  form 
the  extraordinary  in  the  second,  and  vice  versd.  Since  now  in  the  second 
prism  the  extraordinary  ray  is  propagated  with  as  much  increase  of  rapidity 
as  in  the  first,  it  is  clear  that  the  difference  of  velocity  must  diminish  until 
equal  thicknesses  of  the  two  prisms  are  traversed ;  tlukt  it  is  then  =0  ;  and 
if  the  passage  through  the  second  prism  is  longer  than  through  the  first,  it 
increases  with  opposite  signs. 

If  now  a  doubly  refracting  body  be  placed  on  the  upper  prism,  the  optic 
axis  of  which  is  parallel  with  the  principal  axis  of  the  ciystal,  the  ordinary 
ray  of  thia  upper  prism  will  be  propagated  as  an  ordinary  ray  in  it ;  and 
the  extraordinary  as  an  extraordinary  ray.     It  acts  thus  upon  the  diffei-ence 
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of  shade  sub  a  thickening,  if  the  ordinary  in  it,  as  in  the  prism  itself,  is  pro- 
pagated less  rapidly  than  the  extraordinary ;  but  if  the  opposite  occur,  it 
must  operate  in  the  same  manner  as  a  thinning  of  the  prism  with  the  prin- 
cipal axis  of  which  its  optic  axis  is  parallel. 

An  important  question  still  remains,  which  can  be  solved  by  the  help  of 
the  polarizing  microscope:  Are  the  sarcous  elements  to  be  regaixled  as 
single  and  individual  elementary  bodies,  or  as  groups  of  solid  bodies 
capable  of  being  variously  disposed  ?  If  the  muscles  contract,  the  fibi*es  are 
seen  to  become  thicker,  and  the  transverse  strisa  to  approximate.  Each  sar- 
cous element  must  consequently  change  its  form,  and  come  shorter  and 
thicker.  If  such  a  change  of  form  result  from  any  force  acting  in  an  element- 
ary solid  body,  the  operation  of  that  force  must  extend  as  far  as  the  individual 
molecules,  the  optic  constants  must  be  changed,  and  it  is  not  conceivable 
that  they  should  be  so  changed  that  the  ordinary  and  extraordinary  ray, 
after  they  have  traversed  equal  thicknesses  in  the  same  direction,  should  pre- 
sent again  the  same  difference  in  velocity  that  they  offered  under  similar 
circumstances  before  the  change  of  form. 

But  it  is  quite  a  different  matter  if  the  sarcous  elements  are  groups  of 
solid  doubly  refracting  bodies,  of  which  each  individual  remains  unchanged 
in  form  in  the  act  of  contraction.  The  form  of  the  whole  group — that  is, 
of  the  sarcous  element—  is  here  changed  by  an  alteration  in  the  arrangement 
of  the  several  corpuscles,  just  as  in  a  company  of  soldiers  groups  of  various 
breadths  and  depths  are  produced  by  changes  in  the  position  of  the  several 
individuals.  In  the  latter  case  the  optic  constants  are  not  altered  in  the 
act  of -contraction,  and  the  rays  on  this  account,  if  they  have  traversed  equal 
thicknesses  in  the  same  direction,  must  constantly  exhibit  the  same  differ- 
ences in  velocity,  whether  the  muscle  be  in  the  relaxed  or  in  the  contracted 
condition. 

Since  we  have  a  measure  of  the  difference  of  velocity  in  the  colors  which  ap- 
pear under  the  polarizing  microscope,  we  are  enabled  to  answer  the  question 
experimentally,  whether  the  optic  constants  of  the  contractile  substance 
change  during  contraction  to  any  considerable  extent  or  not.  All  the  in- 
vestigations I  have  directed  to  this  point  have  had  a  negative  result ;  t.e.,  I 
have  never  seen  any  alteration  of  color  that  could  not  be  entirely  referred 
either  to  changes  in  the  thickness  of  the  layer  traversed,  or  in  the  angle 
which  the  rays  undergoing  interference  make  with  the  optic  axis.  As, 
therefore,  I  have  in  vain  sought  after  a  change  of  the  optic  constants,  I  must 
maintain  that  the  sarcous  elements  are  not  elementary  and  simple  solid 
bodies,  but  groups  of  smaller  doubly  refractile  bodies.  These  doubly  re- 
fracting bodies  I  have  called  Disdiaclasts,  after  the  phrase  employed  by 
Erasmus  Bartholin,  the  discoverer  of  double  refraction  in  calc  spar,  in  the 
title  to  his  well-known  treatise.*  The  composite  nature  of  the  sarcous  ele- 
ments furnishes  an  explanation  of  the  various  appearances  presented  by 
muscles  in  a  state  of  rigor  mortis.  In  my  researches  on  the  structure  of 
muscular  fibres  with  polarized  light,f  I  have  constructed  nine  different 
schemes,  and  we  may  not  unfrequently  see  one  and  the  same  muscular  fibre  in 
different  parts  representing  two  different  schemata,  which  is  attributable  to 
the  circumstance  that,  in  the  several  sections  of  the  fibre,  the  saroous  ele- 
ments have  divided  with  great  regularity  into  smaller  groups  of  disdiaclasts, 
so  that  much  narrower  systems  of  transverse  strias  appear  in  these  sections 

*  Experimenta  Crystaffi  Iskmdiei  DUdiadasUa  guibus  mira  et  insokta  JStfractia 
deUgUur,    Havn,  1869. 

f  Denk9chHftm  der  Wiener  Akademie  der  Wisaenachaften^  Band  xv.,  8eparata^f'' 
lage,  Wien,  bei  OerM, 
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than  in  others,  though  they  are  neither  shortened  nor  thickened  by  con- 
traction. 

MargOj*  who  found  that  the  sarcous  elements  exist  also  in  the  fibres 
of  the  adductor  muscle  of  bivalves,  frequently  saw  the  muscles  in  Ano- 
doiita  only  partially  striated.f  In  this  case  the  sarcous  elements  of  the 
transversely  striated  parts  lie  next  one  another  in  regular  rows  ;  but  in  those 
parts  that,  with  weak  powers,  appeared  homogeneous,  he  found,  with  higher 
powers,  instead  of  numerous  small  irregularly  distributed  granules,  small 
groups  of  disdiaclasts. 

If  the  living  muscular  fibres  of  frogs  or  beetles  be  immersed  in  water, 
they,  as  is  well  known,  die  rapidly  ;  the  ends  swell  up  strongly,  and  the  con- 
tractile contents  ooze  out  of  the  sarcolemma.  If  such  terminal  portions  of 
fibres  be  observed  under  the  polarizing  microscope,  with  the  prisms  crossed, 
no  sarcous  elements  are  observed  in  them,  but  they  present  the  appearance 
of  fine  sOvery-gray  clouds  distributed  in  the  dark  field.  Here  the  sarcous 
elements  have  become  disturbed,  whilst  the  absorbed  water  has  shifted  the 
several  disdiaclasts  from  their  position.  This  state,  resulting  from  the  im- 
bibition of  water,  is  essentially  diflerent  from  that  induced  by  the  action  of 
dilute  acids,  which  effect  a  change  in  the  substance  of  the  disdiaclasts  them- 
selves, and  take  away  their  power  of  doubly  refracting  light.  In  conclusion, 
I  will  add  a  few  remarks  on  the  external  and  internal  aids  to  the  study  of 
muscular  fibres  in  polarized  light. 

To  whomsoever  the  foregoing  details  and  the  ordinary  works  on  physical 
science  ai-e  insufficient,  Aug.  Beer's  Introduction  to  the  Higher  OpticsJ  will 
prove  of  sei-vice.  In  the  choice  of  an  instrument  it  is  in  the  next  place  to 
be  noted  that  the  upper  Nicol's  prism  should  be  placed  over  the  ocular,  and 
not  between  the  objective  (in  the  more  restricted  sense  of  the  word)  and 
the  so-called  collective.  Amongst  instruments  constructed  with  the 
latter  arrangement  I  have  found  nothing  better  adapted  than  this  for 
minute  and  dificult  investigation.  Bottger,  of  Berlin,  originally  furnished 
tlie  best  Nicol's  prisms  for  these  purposes ;  more  recently,  however,  Hart- 
uack,  in  Paris,  has  constructed  an  admirably  perfect  instrument,  arranged 
according  to  a  method  described  by  him  and  Prazmowski  in  the  **  Annales 
de  Ch6mie  et  de  Physique,"  4*  serie,  T.  vii. 

The  microscopic  image  can  be  rendered  still  more  beautiful  by  distributing 
the  muscular  fibres  upon  a  plate  of  gypsum  or  mica,  attached  to  the  stage 
by  means  of  Canada  balsam.  Dammar  resin,  or  Jeffrey's  solution  of  mastic 
and  caoutchouc  in  chloroform.  By  appropiiate  inclination  of  the  gypsum 
or  mica  plate  a  colored  field  is  obtained,  from  which  the  miiscles  are  pro- 
jected, tinted  with  different  colors,  varying  in  proportion  as  their  inclina- 
tion on  the  plate  increases  or  diminishes  the  difference  of  the  paths  which 
the  rays  respectively  pursue.  This  experiment  has  the  additional  advan- 
tage, that  the  isotropal  portions  do  not  entkely  vanish  as  in  the  dark  field, 
but  remain  apparent,  tinted  with  the  color  of  the  ground.  The  most  beau- 
tiful effects  are  obtained  when  the  thickness  of  the  little  plate  is  so  propor- 
tioned that  when  the  prisms  are  parallel  to  one  another  or  crossed,  it 
presents  a  beautiful  purple  color;  the  muscular  fibres  then  appear  blue 
or  yellow,  according  to  their  inclination.     Amongst  the  different  purple 

•  Cther  die  Muskdfasern  der  MoUusken,  Sitzungsherichte  der  Wiener  Akademie, 
Bond  xTxix,  a  506. 

f  The  fibres  of  the  addactor  mufide  were  originally  erroneously  regarded  as  smooth 
moAcolar  fibres;  that  is  to  say,  the  substance  of  which  is  doubly  refracting,  but  in 
which  neither  sarcous  elements  nor  isotropal  intervening  substance  can  be  distingxiished. 

t  Bronswick,  1858,  800. 


Digitized  by 


Google 


178  MUSCULAB  FIBRES  IN  POLARIZED   LIGHT. 

tints  which  can  be  obtained,  that  is  the  best  which  first  appears  in  increas- 
ing divergence  of  the  rays  with  crossed  prisms,  and  which  corresponds  to 
the  purple  which  is  exhibited  by  Newton^s  color  glass  in  reflected  light  at 
the  limit  between  the  first  and  the  second  system  of  rings.  It  furnishes  in 
particular  the  most  sensitive  field ;  that  is  to  say,  small  differences  in  the 
divergence  of  the  rays  occasioned  by  doubly  refracting  bodies  lying  upon 
the  plate  are  i-endered  manifest  by  relatively  great  changes  of  color.  From 
preliminary  investigation  with  the  polarising  microscope  it  is  easy  to  dis- 
cover, out  of  a  series  of  gypsum  or  mica  plates  of  various  thicknesses,  those 
that  are  best  adapted  for  this  purpose,  attention  being  paid  not  only  to  the 
colors  themselves,  but  to  the  amount  of  change  of  color  occasioned  by 
small  accidental  variations  in  the  thickness  of  the  sections.  If  the  little 
plates  which  are  used  for  preserving  the  preparation  contain  air  between 
their  lamellae,  which  collects  into  bubbles  in  the  preliminary  immersion  in 
oil  of  turpentine,  this  can  be  expelled  by  boiling  in  turpentine,  and  allowing 
it  to  remain  in  it  till  cold.  It  may  then  be  transferred  to  the  balsam  or 
varnish,  with  which  it  and  the  muscular  fibres  lying  upon  it  are  to  be  ea- 
closed. 
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CHAPTER   VII. 

THE   HEART. 
By  F.  SCHWEIGGER-SEIDEL. 

The  muscular  tissue  of  the  heart  presents  certain  peculiarities  which 
connect  it  with  the  structure  of  those  muscles  that  are  subject  to  the 
will,  whilst,  on  the  other  hand,  in  certain  not  unessential  points  it  presents 
characters  that  are  perfectly  unique. 

The  structure  is  apparently  fibrous,  although  the  slightest  examination 
shows  that  it  is  impossible  to  exhibit  fibres  corresponding  to  the  elements 

Fig.  58. 


Big.  58.  Small  portion  of  a  transveise  section  through  the  mnscolar  tissae  of  the 
heart,     e,  capillaries. 

of  the  ordinary  muscles.  When  it  is  broken  up,  we  for  the  most  part  ob- 
tain only  portions  of  thin  fibrous-like  structui*e,  because  the  fine  muscular 
fibres,  dividing  frequently  and  anastomosing  with  one  another,  form  a  close 
and  continuous  network.*  The  contractile  substance  is  transversely  striated, 
sometimes  contains  fat  drops  even  when  apparently  healthy,  and  presents 
nuclei  that  are  arranged  at  tolerably  regular  distances  from  one  another. 
In  the  several  round  or  oval  disks  which  are  found  in  sections  perpendicular 
to  the  direction  of  the  fibres,  the  nucleus  is  always  in  the  centre,!  except- 
ing in  those  cases  where,  on  account  of  the  thinness  of  the  section,  disks 
without  nuclei  happen  to  be  exhibited  (fig.  58).  The  more  or  less  wide 
fusiform  Bi^kces  of  the  contractile  substance  in  which  the  nuclei  lie  are  filled 
in  the  lai^r  specimens  with  a  granular  mass,  which  sometimes  (in  man)  is 
of  a  yellow  color  (fig.  59). 

The  interpretation  of  the  nature  of  the  so-called  muscular  fibres  of  the 
heart  is  different  from .  that  applicable  to  those  of  the  voluntary  muscles. 
WeismannJ  first  established,  &om  extended  researches  in  comparative 
anatomy,  that  the  relations  in  question  are  not  the  same  for  all  the  Verte- 

*  The  anafltomosiiig  muscular  fibres  of  the  heart,  which  had  already  been  depicted 
bj  Leeuwenhoek,  were  rediscovered  bj  Kolliker.  See  his  Mikroskopuche  Anatomic^ 
Band  iL,  pp.  200  and  483.  Bemak  also  described  the  peculiar  characters  of  the  mus- 
enlar  tiasue  of  the  heart  in  Muller*s  Archie  for  1850. 

^  Dander's  PhyHologie  de9  Mencken,  1859.  p.  23. 

X  Arddcfur  AnaUmde  und  Phymologie^  1861,  p.  42. 
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brata.  In  Lizards,  Amphibia,  and  Fishes  he  found  the  several  segments 
of  the  cardiac  musculature  to  be  formed  of  closely  approximated  elongated 
and  fusiform  cells,  the  substance  of  which  presented  transverse  siriss 
(fig.  63).  In  Mammals,  Birds,  and  Reptiles,  on  the  other  hand,  although 
an  analogous  cellular  structure  could  be  demonstrated  during  the  embiyonic 
period,  yet  the  anastomosing  fibres  of  the  heart  must  always,  he  thought, 
be  regarded  as  formed  from  the  coalescence  of  isolated  cells.  Kolliker  and 
Aeby*  opposed  this  view,  and  the  latter  observer  even  found  the  muscular 
fibres  of  adults  to  be  divided  into  sepaiate  portions  by  ti-ansverse  septa. 
(But  Eberthf  has  recently  made  an  important  step  in  advance,  by  showing 
that  in  two  of  the  above-named  groups  of  Vertebrata  a  separation  of  the 
r  several  cells  from  one  another  occurs  in  the  fully  developed  condition  of  the 
I  muscular  tissue  of  the  heart ;  so  that  what  was  commonly  regarded  as  a 
single  fibre  turns  out  to  be  a  complex  structure  composed  of  one  or  many 
nucleated  transversely  striated  muscle  cells.  J  Here,  therefore,  in  opposi- 
tion to  the  term  fibres,  applied  to  the  structural  elements  of  the  ordinary 

Fig.  59.  Fig.  60. 


Pig.  59.  Moscnlar  fibres  from  the  heart  of  Man,  divided  by  transverse  septa  into 
separate  nucleated  portions.  From  a  preparation  preserved  in  aloohol  after  having 
been  macerated  in  a  1  per  cent,  solntion  of  potash,  and  in  glycerine. 

Fig.  60.  Two  laterally  adherent  muscle  cells  from  the  Guinea-pig.  From  a  speci- 
men th&t  had  been  treated  with  acetic  acid  and  solution  of  common  salt. 

muscles  of  the  trunk,  we  may  speak  of  chains  of  muscle  cells  or  muscle- 
cell  trabeculae.  The  difference  above  referred  to  between  the  several  groups 
of  animals  amounts  only  to  a  dissimilar  mode  of  ari'angement  of  the  muscle 
cells,  the  independency  of  which  in  the  lieart  still  remains  certain.  As  a 
proof  of  this  statement,  it  happens  that  especially  in  Mammals  we  ai*e  able 

♦  Zeitsohrift  fiir  rationeUe  Mediei/ij  3  R.,  Band  xvii.,  p.  195. 

{Virchow's  Arehiv^  Band  xxxvii.,  p.  100. 
As  long  as  a  division  of  the  cells  from  one  another  can  be  generally  demonstrated 
we  can  obtain  no  correct  estimate  of  the  degree  of  coalescence  that  has  taken  place ; 
hence  it  is  not  easy  to  discover  the  difference  that  exists  between  the  statements 
made  by  Kolliker  in  the  fifth  edition  of  his  Handbiich  der  Oeitebdehre^  and  those  ad- 
vanced by  Eberth.  Kolliker  now  admits  that  the  coalescence  of  the  ceUs  is  somewhat 
less  intimate  than  he  had  stated  it  to  be. 
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to  render  the  limits  of  the  several  cells  apparent,  aiid  to  obtain  these  in  an 
isolated  state.  The  best  means  for  this  purpose  is  the  nitrate  of  silver, 
with  subsequent  application  of  caustic  potass,  by  the  employment  of  which 
Eberth  was  able  to  split  up  the  muscular  substance  of  the  heart  into  sepa- 
rate pi-ismatic  portions,  corresponding  with  the  black  lines  that  come  into 
view  after  treatment  with  silver,  and  result  from  the  staining  of  the  con- 
necting substance  between  the  cellular  elements.  But  we  may  also  convince 
ourselves  that,  by  the  application  of  other  means  which  render  the  tissue 
transparent,  the  muscular  fibres  are  separated  into  distinct  portions  by 
highly  refractive  transverse  lines,  and  that  eaxih  of  these  divisions  contains 
a  nucleus.  The  want  of  transparency  of  the  contractile  substance  usually 
prevents  the  delicate  boundary  lines  of  the  cells  from  being  discerned.  But 
in  all  experiments  in  which  isolation  of  the  fibres  is  effected  it  is  possible  to 
obtain  small  nucleated  portions  of  muscle,  presenting  similar  a}>pearances  to 
those  seen  in  fig.  60,  the  single  septal  line  a  being  easily  distinguishable 
from  a  fissure  (y)  produced  by  the  previous  manipulation. 

The  limiting  sui-faces  of  the  several  muscle  cells  are  not  plane.  The 
transverse  lines  crossing  the  bundle  frequently  appear  like  a  flight  of  steps. 
Eberth  found  the  borders  of  the  cells  more  or  less  regularly  dentated.  I 
have,  however,  observed  them  to  be  smooth,  and  believe  the  difference  to 

Fig.  61. 


Fig.  61.  Anastomofiing  muscular  fibre  of  the  heart,  seen  in  a  longitudinal  section. 
On  the  right,  the  limits  of  the  separate  cells  with  their  nuclei  are  exhibited  somewhat 
diagiammatically. 

be  occasioned  by  the  circumstance  that  the  muscle  substance  sometimes 
comes  under  observation  in  the  conti*acted,  coagulated  condition,  as  after 
treatment  with  nitrate  of  silver,  and  sometimes  in  the  swollen,  distended 
condition,  as  after  treatment  with  acetic  acid.  Other  irregularities  of  fonn 
appear  to  be  due  to  the  pressure  which  the  muscle  cells  exercise  upon  one 
another.  Every  muscle  cell  contains  a  nucleus,  occupying  a  central  position, 
or  two  or  moi-e  rarely  several  nuclei  may  be  found,  which  sometimes  lie  in 
cW  relation  to  one  another,  and  are  of  smaller  size,  thus  appearing  to  pro- 
ceed from  the  division  of  a  single  one.  If  the  nuclei  be  widely  separated 
from  one  another,  the  question  arises,  which  it  is  not  necessaiy  here  to  con- 
rider,  whether  the  several  nucleated  cells  represent  stages  of  development, 
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I  or  whether  there  is  a  disappeai^ance  of  the  cell  wall,  or,  in  other  words,  that 
'  it  has  become  incapable  of  recognition.  In  adults  the  solitary  nuclei  have 
/  a  length  of  about  0*014,  and  a  breadth  of  about  0*007  millimetres;  whilst 
'  the  muscle  cells  themselves  measure,  on  the  average,  0*050  to  0*070  milli- 
metres in  length,  and  0*015  to  0*023  millimetres  in  breadth.  The  cellular 
<  elements  are,  for  the  most  part,  united  to  one  another  in  the  longitudinal 
direction,  but  in  various  parts  they  send  off  short  lateral  processes,  which 
coalesce  with  those  of  neighboring  cells,  and  in  this  way  form  the  anasto- 
moses that  occur  between  the  longitudinal  fibres.  The  cells  are  only  placed 
in  direct  apposition  to  one  another,  in  a  transverse  direction,  in  those  parts 
where  the  stronger  muscular  trabecul«  are  formed.  If,  however,  we  con- 
sider the  abundance  of  capillaries  which,  together  with  nerves  and  connective 
tissue,  traverse  the  muscle  substance  in  Mammals,  we  shall  arrive  at  the 
conviction  that  it  is  impossible  for  any  material  to  be  of  a  more  compact 
nature.  Sections  in  various  directions  establish  this  most  satisfectorily,  and 
transverae  sections,  made  from  well-hardened  hearts  (Fig.  58),  are  admirably 
adapted  for  the  purpose.  But  in  fine  longitudinal  sections,  numerous  larger 
or  smaller  fissures,  ari-anged  in  a  stellate  manner,  may  also  be  seen,  and  so 
fine  that  they  have  been  described  by  some  observers  as  fissures  or  spaces 
within  the  muscular  fibres.*  Varying  conditions  of  contraction  of  the  mus- 
culature naturally  produce  variations  in  the  appearances  presented.  The 
fissures  between  the  muscle  cells  are  filled  not  only  by  the  capillaries,  but 
by  a  very  delicate  connective  tissue,  which,  in  the  form  of  a  perimysiiim, 
constitutes  sheath-like  investments,  and  appears  to  consist  of  isolated 
branched  cells.  1  have  not  been  able  to  discover  a  proper  sarcolemma,  t.  e., 
a  special  delicate  investing  membrane  capable  of  isolation,  around  the  muscle 
cells,  and  therefore,  in  common  with  other  observers,  wholly  deny  the  exist- 
ence of  such  a  membrane  investing  the  muscular  fibres  of  the  heart,  or,  at 
least,  maintain  that,  if  present,  it  can  be  demonstrated  only  with  the  great- 
est difficulty.!  Nevertheless,  the  cells  of  muscle,  like  all  other  naked  cells, 
must  possess  a  peripherical  investment.  Independently  of  the  above-men- 
tioned elementary  division  into  fibre  cells,  the  muscular  tissue  of  the  heart 
splits  up  into  coarse  subdivisions.  By  means  of  septa  proceeding  from  the 
perimysium,  thick  fasciculi  or  bundles  are  sometimes  formed,  which,  as  the 
well-known  columnse  carneae,  are  particularly  well  marked  in  the  auricles. 
Tn  the  walls  of  the  ventricles,  on  the  other  hand,  the  arrangement  is  rather 
of  a  lamellar  character,  several  thin  expansions  of  muscle  being  so  applied 
to  each  other  as  to  form  a  thicker  plate,  which  is  visible  even  to  the  naked 
eye.J  The  thinner  lamellae  are  either  connected  with  one  another  by  ex- 
tremely delicate  connective  tissue,  or  there  exists  between  them  certain 
smooth-edged  fissures,  which  may  be  followed  for  some  distance,  both  in 

♦  Remak,  loo.  cit.^  RindfleUch  Lehrbuch  der  Patlwhgischen  GewebdeJtre,  1866,  p.  73. 
Eberth,  in  accordance  with  this  view,  represents  longfitudinal  fissures  as  existing  in 
the  muscle  cells ;  but  it  may  be  seen  in  his  Fig.  13,  that  these  really  indicate  the  line 
of  union  of  two  adjacent  cells.  Moreover,  Eberth  does  not  appear  to  attribute  suffi- 
cient importance  to  my  view  of  the  natunil  fissuring  of  the  muscle ;  at  least,  at  p. 
121,  he  observes  that  the  muscular  network  of  the  mammaUon  heart  does  not  exist 
to  the  extent  attributed  to  it ;  but  that  the  appearances  seen  may  frequently  be  pro- 
duced by  manipulation. 

f  As  to  Winkler,  who  maintains  the  presence  of  a  sarcolemma  in  the  Archiv  fur 
Anatomie  UTid  Physiologie  for  1867,  it  is  obvious  from  his  account  of  the  appearances 
presented  on  transverse  section,  that  he  really  treats  of  the  sheaths  of  the  peri- 
mysium. 

X  See  Henle,  Handbueh  der  Syatematmhe  Anatomie^  Band  iii. ,  Abth.  1 ;  OefSs^e- 
lehre,  p.  54,  Figs.  40  and  44. 
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r^[ard  to  length  and  depth.  These  fissures,  to  which  Henle  has  drawn 
attention,  are  in  my  opinion  deserving  of  particular  notice.  I  find  that  they 
are  lined  by  a  very  delicate  membrane,  composed  of  flat  cells,  the  contour 
lines  of  which,  after  treatment  with  nitrate  of  silver,  appear  in  the  form  of 
a  black  pattern.  Moreover,  it  is  possible  to  raise  up  and  isolate  this  mem- 
brane after  short  maceration,  which  has  confirmed  me  in  the  opinion  that 
nuiny  observers  have  considered  it  to  represent  the  sarcolemma.  The  fis- 
sures, in  £Eu;t,  occur  in  the  connective  tissue,  as  may  be  seen  at  their  angles, 
and  have  in  rabbits,  where,  I  think,  they  can  best  be  seen,  a  length  of  from 
0-06  to  0'25  millimetres.  We  shall  return,  however,  to  this  subject  here- 
afWr. 

The  arrangement  of  the  muscular  bands  in  the  wall  of  the  heart — the  so- 
called  lamination  of  the  cardiac  musculature — cannot  be  fully  treated  of  in 
this  work,  since  it  possesses  no  histological  interest.  The  careful  invest- 
igations of  C.  Ludwig,  Pettigrew,  Winkler,  and  others,  have,  however, 
shown  how  complex  these  arrangements  are ;  and,  according  to  Henle,  in 
addition  to  all  these  there  must  still  be  added  the  varieties  due  to  individual 
differences.  The  results  of  accurate  examination  seem  to  show  that  the 
musculatiire  of  the  auricles,  speaking  generally,  is  divisible  into  two  layers, 
arranged  at  right  angles  to  each  other,  of  which  the  external  is  circular,  but 
in  the  case  of  the  ventricles  the  arrangement  of  the  fibres  cannot  be  described 
in  so  simple  a  manner.  We  must  probably  seek  for  the  immediate  cause  of 
the  spiral  atTangement  of  the  muscular  bands  that  here  exist  in  the  history 
of  its  development^  as  it  is  well  known  that  at  an  early  period  the  cardiac 
tube  forms  not  only  a  loop,  but  a  spiral  cui^ve,  through  which  necessarily  a 
deviation  in  the  course  of  both  the  longitudinal  and  ti-tmsverse  fibres  will  be 
occasioned.  Sections  made  through  the  wall  of  the  ventricle,  in  a  direction 
perpendicular  to  the  surface  and  parallel  to  the  longitudinal  axis,  exhibit, 
both  externally  and  internally,  longitudinally  running  bands,  whUst  the 
median  portion  presents  transverse  sections  of  the  fibres  ;  consequently  we 
can  here,  though  only  quite  generally,  distinguish  the  two  chief  directions 
they  pursue. 

The  connective  tissue  is  closely  connected  with  the  muscular  substance  of 
the  heart,  and  presents  at  some  spots  a  remarkable  condensation  ;  it  is  ar- 
ranged in  well-marked  layers — this  is  particularly  the  case  in  the  so-called 
fibrous  rings  at  the  cardiac  orifices,  and  in  a  lesser  degree  at  the  apices  of 
the  papillary  muscles,  both  being  points  which  constitute  the  origin,  or 
perhaps  the  termination,  of  muscular  fasciculi.  The  fibrous  rings  are  com- 
posed of  very  strong  fibrous  tissue,  traversed  by  exceedingly  fine  clastic 
fibres,  and  sometimes  assume  to  some  extent  the  character  of  caHilage,  the 
appearances  presented  resembling  those  found  in  true  cartilage,  at  its  point 
of  transition  into  perichondrium.  To  these  differences,  which  are  by  no 
means  essential,  the  somewhat  discordant  statements  and  descriptions  made 
by  various  authors  may  be  ascribed.  At  the  cardiac  orifices  the  fibrous 
tissue  enters  into  the  formation  of  the  valves,  and  in  the  papillary  muscles 
it  pa-sses  inmiediately  into  the  tissue  of  the  chordae  tendinea*,  though  always 
sharply  separated  from  the  tissue  of  the  endocardium. 

The  endocardium  forms  a  membranous  lining  to  the  cavities  of  the  heart, 
but  is  not  everywhere  of  equal  thickness.  It  participates  in  the  con- 
struction of  the  valves,  and  is  composed  of  several  layers.  Its  proper  basis 
is  formed  of  an  elastic  layer,  which  contains  networks  of  elastic  fibres  de- 
velo|)ed  to  a  variable  extent,  with  a  corresponding  vaiiation  in  the  quantity 
of  connective  tiissue.  The  external  layer  is  the  loosest  in  texture.  Its  in- 
ternal surface  is  lined  by  a  layer  of  nucleated  polygonal  cells,  resting  upon 
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a  peculiar  close-textured  lamella  of  elastic  fibres,  whicli  constitutes  the  en- 
dothelium of  the  caixliac  cavities. 

It  may  be  added  that  the  simple  elastic  lamina  usually  adheres  closely  to 
the  muscular  wall  itself  by  means  of  a  layer  of  connective  tissue,  whilst  thft 
muscular  tissue  aids  in  the  formation  of  the  endocardium  by  giving  off  to  it 
both  smooth  and  transversely  striated  fibres. 

The  .smooth  muscle  cells  are  introduced  between  the  elastic  lamellse,  but 
do  not  form  a  continuous  layer,  being  arranged  in  separate  bands,  which 
vary  in  size,  and  sometimes  attain  a  thickness  of  0-10  millimetres.  The 
several  layers  of  the  muscle  cells  in  these  fiisciculi  do  not  all  pursue  the 
Eame  direction,  though  they  genei*ally  appear  to  be  divided  transversely 
when  the  section  has  been  made  perpendicularly  to  the  axis  of  the  heart. 
These  statements  are  true  at  least  in  regard  to  the  endocardium  of  the 
septum  ventriculorum  of  man,  in  which  smooth  muscular  tissue  is  very  dis- 
tinctly visible.*  Moreover,  the  more  externally  situated  transversely 
striated  muscular  tissue  of  the  endocardium  does  not  form  a  continuous  or 
uniform  layer,  on  which  account  it  may  easily  be  overlooked,  or  may  be  re- 
garded as  belonging  to  the  muscular  layers  in  general.  That  the  latter  is 
not  the  case,  however,  is  obvious  from  the  circumstance  that  the  muscular 
elements  in  part  i)os8ess  special  peculiarities,  and  also  that  the  endocardial 
layer  is  30i)arat(id  from  the  general  musculature  of  the  heart  by  connective 
tissue,  lymph  vessels,  and  networks  of  nerves. 

Moreover,  we  find  in  the  endocardium  per  se  all  the  usual  layers  enter- 
ing into  the  comi)osition  of  the  vascular  walls,  and  may  therefore  very 
correctly,  with  Luschka,  f  identify  the  endocardium  with  the  whole  vessel, 
and  not  simply  with  its  tunica  intima.  It  remains  to  be  remarked  that  the 
above  statements  are  not  ai)plicable  to  the  auricles,  since  their  endocardium, 
although  it  possesses  considerable  thickness,  and  is  remarkably  rich  in 
elastic  tissue,  doejs  not  present  any  proper  muscular  layei*s,  though  here  and 
there  a  few  smooth  muscle  cells  are  discoverable.  The  ti-ansversely  striated 
muscle  of  the  endocardium  of  the  ventricle  occui-s  in  two  forms,  either  as 
the  well-known  Purkinje's  fibres,  or  as  a  wide-meshed  network  of  muscular 
bundles,  the  elements  of  which  are  distinguished  from  those  of  the  heart  by 
their  proi)oi-tionate  size,  being  broader  and  shorter.  As  regards  the  gray 
gelatinous-like  fibres  recognizable  by  the  naked  eye,  which  Furkinje  des- 
cribed in  1845  as  being  situated  under  the  endocardium  of  the  calf,  they 
must  partly  be  considered  as  a  peculiar  motor  apjiaratus,  and  partly  as  an 
embryonic  fonn  of  the  muscular  tissue  of  the  heart.  J  The  fibres  are  united 
to  one  another  in  the  form  of  networks,  and  are  composed  of  more  or  less 
prismatic  segments  (granules),  having  a  diameter  of  from  0*05  to  O'lO 
millimetres,  each  of  which  consists  of  a  cortical  layer  of  transvei*sely  striated 
fibrillar  muscle  substance,  and  a  hyaline  axile  material  containing  one  or 
two  clear  nuclei.  Some  observers  regard  the  titinsvei'sely  striated  mass  as 
an  iutorniediate  substance,  within  which  are  deposited  transparent  isolated 
cells ;  whilst  others,  with  whom  I  agi-ee,  regard  each  granule  as  a  muscle 

*  Kolliker  denies  positively  the  presence  of  smooth  muscular  tissue  in  the  endocax- 
dlnm  {Mi/^'/'oftkopfjiehe  Anatomie^  Bond  ii.,  p.  493).  Nevert-heless,  in  regard  to  the 
localities  referred  to,  no  doubt  can  exist  of  the  correctnew  of  my  statement 

JVirchow's  ArcMOj  Band  iv.,  p.  171 ;  and  Anatomic,  Band  1.,  Abth.  2,  p.  380. 
Besides  the  work  of  Purkinje  (Mailer's  AreJiiv,  184'),  p.  294),  reference  may  be 
made  to  the  statements  of  Kolliker,  Hessling,  Reichert,  Remak,  Aeby,  Obermaier, 
and  Lehncrt.  3Iore  exact  and  extended  references  to  the  literature  of  the  subject 
will  be  found  in  the  last-named  authors.  Obermaier,  Arcliiv  far  AnatomU  u,  Phy- 
sidogie,  1837.  pp.  24o  u.  358 ;  Lehnert,  Max  Schultze's  AicJiie  far  Mikroakopiitciie 
AruUomii',  18(>8,  p.  20. 
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cell,  in  wliicb  (as  in  a  certain  stage  of  development)  only  the  peripheric 
bvers  have  undergone  conversion  into  contractile  substance. 

In  what  rehitions  these  segments  of  the  fibres  of  Purkinje  stand  to  the 
cardiac  muscle  in  its  fully  developed  condition,  is  a  subject  that  can  only  be. 
elucidated  by  a  knowledge  of  the  history  of  development ;  but  it  may  here 
be  remarked  tliat  various  observations  have  been  made,  which  agree  in 
showing  that  the  fibres  of  Purkinje  pass  directly  into  ordinary  muscular 
bands,  and  that  in  some  animals  their  place  can  be  supplied  by  ordinary 
muscTilar  tissue.  The  controversy  whether  this  or  that  animal  possesses 
the  fibres  of  Purkinje  is  therefore  of  small  imi)ortance,  because  the  dif- 
ferences de[>end  merely  ujKjn  the  various  forms  presented  by  the  endocar- 
dial nmscle. 

A  division  of  the  stronger  fibres,  as  we  have  already  seen,  does  not  occur 
here,  whilst  they  ai-e  for  the  most  part  surrounded  by  a  well-marked  sheath 
of  connective  tissue.  These  sheaths,  when  penetrated  by  an  injection  pipe, 
sometimes  become  filled  with  injection,  and  then  form  a  wide-meshed  net- 
vork  which  it  is  imix)ssible  to  mistake  for  the  vessels  of  the  lymphatic  sys- 
tem (Eberth). 

As  already  indicated  in  discussing  the  internal  membrane  of  the  heart, 
wt  have  to  consider  the  valves.  These  indeed  are  usually  considered  to  be 
du^licatures  of  the  endocardium,  but  this  expression  is  not  absolutely  correct. 
The  substance  of  these  valves  consists  essentially  of  two  lamellw,  a  fibrous 
and  in  elastic ;  the  former  is  directly  continuous  with  the  fibrous  rings,  the 
lattei  in  the  case  of  the  venous  valves  is  a  prolongation  of  the  endocardium 
of  the  auricle,  but  in  the  arterial  valves  it  is  a  prolongation  of  the  mem- 
brane lining  the  ventricular  chambers.  The  free  surface  of  the  fibrous  layer 
IB  invett^J  by  a  thin  membrane  composed  of  cells  which  do  not  rest  upon 
any  s|>ecial  elastic  substratum,  except  that  perhaps  the  elastic  element  of  the 
fibrous  layer  itself  undergoes  a  slight  thickening  at  the  margin.  In  the 
semi-luuar  valves  the  elastic  layer  is  considerably  thickened,  whilst  at  the 
attached  border  of  the  venous  valves  the  two  layers  disappear  towards  their 
apices,  th?ir  place  being  supplied  by  the  tolerably  abundantly  nucleated  ten- 
dinous  tissue  of  the  chordae  teudineae.  The  latter  near  the  musculi  papilla- 
res  possess  an  external  elastic  layer  with  a  delicate  investing  membrane 
com[K>2»ed  of  cells,  which  constitutes  a  prolongation  of  the  endocardium.* 
At  the  a)>iee8  of  the  valves  muscular  bundles  pass  directly  into  the  endo- 
caniium  of  the  auricle,  and  extend  to  a  greater  or  less  distance  dowTiwards, 
but  in  all  instances  are  limited  to  the  upper  portion.f 

Aoooiding'  U>  the  statements  of  Oehl4  small  isolated  muscles  are  present  in  the 
laige  tendinoa^  cords  of  the  left  auriculo-ventricular  valves.  The  fibres  of  Purkinje 
are  continuous  with  the  chordse  tendinese.  Villous  processes  or  outgrowths  are  some- 
thnes  found  attached  to  the  valves  (Luschka,  Lambl.).  In  regard  to  the  endocar- 
dium in  ^enesal,  it  should  be  mentioned  that  the  microscopic  appearances  which  are 
foand  in  various  animals  differ  chiefly  in  the  greater  or  less  development  of  the  elas- 
tic network  of  fibres.  The  foregoing  description  is  chiefly  taken  from  observations 
made  on  the  heart  of  man. 


•  Analogous  observations  were  formerly  made  by  Donders,  in  regard  to  the  struc- 
tope  of  the  Talves.  I  cannot  agree  with  the  statement  of  Luschka,  that  the  valves  are 
the  direct  continuation  of  the  arterial  wall,  Architfar  PhydohgutcJie  Hellhitrvde^  1856, 
p.  537 ;  compare  also  Henle. 

f  Amongst  the  most  recent  investigations  on  the  musculature  of  the  auricalo-ven- 
tricolar  valves  are  to  be  enumerated  those  of  Gussenbauer,  JSiUungsberkhte  der  Wiener 
AkniUmie  (Ur  Wiimrn^chaften^  Bandlvii.,  Abth.  1. 

%  Mm,  a.  Acid,  d.  Scienze  d.  Torino^  Vol.  xx.,  1861. 
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The  pericardium,  in  opposition  to  the  endocardium,  is  a  serous  mem- 
brane, and  possesses  the  general  characteristic  peculiarities  of  such  mem- 
branes. The  sub-serous  tissue  is  occasionally  marked  by  the  presence  of  a 
large  number  of  fat  cells. 

The  hloodveMeU  are  branches  of  the  coronary  arteries,  and  are  distributed 
in  the  muscular  substance,  as  well  as  to  the  pericardium  and  endocardium. 
The  vessels  of  the  last-named  membrane  extend,  according  to  Luschka,  into 
the  valves.  The  capillary  vessels  distributed  through  the  muscular  sub- 
stance of  the  heart  are  very  numerous,  the  muscle  cells  themselves  being 
enclosed  in  a  network  of  vessels.  The  rootlets  of  the  veins  are  formed  by 
several  capillary  vessels  uniting  directly  to  form  a  thicker  trunk ;  an  ar- 
rangement by  which,  we  may  conclude,  the  discharge  of  the  blood  is  facili- 
tated. 

In  reference  to  the  lymphatics  of  the  hearty  we  possess  recent  investiga- 
tions by  Ebei-th  and  Belajeff;  *  and,  aA  they  have  pointed  out,  a  network  of 
lymph  capillaries  of  the  ordinary  kind  may  be  distinguished  both  in  the 
pericardium  as  well  as  in  the  endocardium,  the  meshes  of  which  are  some^ 
times  large  and  sometimes  small,  and  are  usually  arranged  in  a  single  layer, 
but  occasionally,  where  the  thickness  of  the  membrane  is  considerable,  in 
several  layers.  The  endocardial  lymphatic  network  of  the  auricle  is  con- 
tinued* by  means  of  a  few  finer  tubes  upon  the  auriculo-ventiicular  valves, 
and  reaches  nearly  to  their  middle.  In  the  same  way  a  few  lymph  tubes 
may  be  traced  as  prolongations  of  the  network  of  the  endocardium  of  the 
ventricle  into  the  semi-lunar  valves.  In  the  muscular  substance  of  the 
heart  itself  the  above-named  observers  found,  in  opposition  to  Luschka, 
that  the  lymph  vessels  were  **  not  so  numerous,"  whilst  I  conclude,  from 
my  own  researches,  that  the  muscular  substance  of  the  heart  stands  in  still 
closer  relation  to  the  lymphatics  than  appears  from  their  statement,  because 
I  am  of  opinion  that  the  formerly  described  fissures  of  Henle  found  in  the 
muscular  substance  must  be  regarded  as  a  portion  and  continuation  of  the 
lymphatic  system.  But  since  these  fissures  are  connected  at  many  points 
with  one  another,  they  form  a  canal  system,  permeating  the  muscular  sub- 
stance to  an  extent  which  certainly  cannot  be  teimed  sparing.  It  has 
.already  been  mentioned  that  the  smooth  fissures  are  covered  with  a  delicate 
onembrane  analogous  to  the  endothelium  of  the  lymi)hatics,  to  which  it  must 
also  be  added,  that  it  is  easy  to  follow  sub-pericardial  lymph  vessels  and 
their  prolongations  into  the  la<!unar  system.  That  this  system  cannot  be 
injected  through  the  vessels  constitutes  no  objection  to  our  view.  On 
sticking  an  injection  pipe  into  the  muscular  substance  of  the  heart,  the  fluid 
penetrates  between  the  several  elements  of  the  muscles  into  the  perimysium, 
and  may  become  widely  diffused,  so  that  with  slight  pressure  we  may  even 
see  the  injection  penetrating  into  the  lymph  vessels  of  the  pericardium 
without  any  evident  rupture  or  extravasation.  A  complete  injection  of  the 
lacunae  cannot  be  obtained  in  this  manner.  It  is  observable  that  the  lym- 
phatics of  the  muscular  substance  are  not  always  in  the  form  of  fissures, 
but  sometimes  assume  a  tubular  form,  dependent  upon  the  amount  of  in- 
jection forced  in,  and  upon  the  degree  of  contraction  of  the  muscular  sub- 
stance. 

In  regard  to  the  finer  distribution  of  the  cardiac  nei'ves^  which  is  of 
peculiar  physiological  importance,  little  is  at  present  known,  and  pur  know- 
ledge is  particularly  defective  in  reference  to  the  more  intimate  histological 


*  Virchow'a  Ardiic^  Band  xzxvii ,  p.  124. 
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relations  of  tlie  fibres  springing  from  vaiious  sources  and  distributed  to  the 
different  tissues. 

The  nerve  fibres  pi*oceeding  from  the  plexus  cardiacus  lie  in  mammals 
beneath  the  pericardium,  but  in  part  also  they  are  found  in  the  septum 
Tentriculorum,  where  they  run  in  the  substance  of  the  muscular  mass  and 
in  the  spaces  between  the  two  ventricles.  Their  distribution  under  the 
pericardium  is  independent  of  the  vessels,  aiid  it  even  appears  in  some 
animals  that  the  nerves  cross  the  supei^cial  muscular  fasciculi  and  the  ves- 
sels at  right  angles,  as  is  clearly  shown  in  the  illustrations  given  by  Lee.* 

The  isolated,  somewhat  flattened  fibres,  which  intercommunicate  by 
means  of  delicate  fasciculi,  consist  chiefly  of  non-meduUated  nerve  fibres. 
The  dcuble-contoured  fibres  vary  in  relative  proportion,  but  are  usually 
only  sparingly  present.  The  nerves  enter  into  communication  with  ganglion 
celk  These,  united  into  groups,  lie  on  the  external  surface  of  the  fksciculi 
of  fibres,  and  sometimes  fonn  small  detached  ganglia,  which  are  connected 
▼ith  the  nerve  by  a  peduncle.  Accumulations  of  cells  of  materially  larger 
size  do  not  occur,  whilst  in  particular  the  enlargements  of  the  nerves  per- 
ceptible to  the  eye  are  occasioned  simply  by  the  penetration  into  their  sub- 
stance of  connective  tissue,  accompanied  by  large  vessels. 

The  relation  of  the  fibres  to  the  gangUon  cells  can  be  better  studied  in 
the  cardiac  nerves  of  the  frog  than  in  the  sub-pericardial  nerves  of  mam- 
mals, as  the  former  spread  out  in  the  thin  interauricular  septum,  and  are 
very  well  known  in  regard  to  their  course  of  distribution,  in  consequence 
of  several  special  works  having  been  devoted  to  them  (C.  Ludwig,  Bidder). 
The  greater  number  of  ganglion  cells  exhibit  the  structure  peculiar  to  the  cells 
of  th«  sympathetic,  in  which  from  one  and  the  sajne  pole,  besides  the  so-called 
straight  fibre,  there  originates  also  the  spiral  fibre  of  Arnold  and  Beale,  which 
has  elsewhere  been  fully  described.  Besides  these,  however,  as  has  been  shown 
by  various  observers,  true  bipolar  cells  are  present,  and,  lastly,  also  ganglion 
cells,  characterized  by  the  peculiar  mode  of  their  arrangement,  which,  if  we 
accept  the  view  of  Auerbadi,f  are  found  "  in  opposition," — that  is  to  say,  two 
pear-shaped  cells  lie  in  a  common  sheath  with  their  flat  sides  applied  to  one 
ADother,  whilst  the  nerve  fibres  issuing  from  their  pointed  extremities  course 
in  opposite  directions.  The  approximation  of  such  binary  cells  being  very 
close,  especially  when  they  are  examined  in  the  fresh  condition,  they  may 
emUj  be  mistaken  for  simple  bipolar  cells.      No  spiral  fibre  is  here  present. 

Anextech  foand  this  form  of  ganglion  cell  in  the  plexus  myentericus,  Bidder  in  the 
aaiicnlar  septum,  and  I  myself  in  other  sympathetic  ganglia.  According  to  my  views, 
those  cells  from  which  two  straight  fibres  can  be  seen  to  issue,  belong  to  the  same 
categoxy,  since  as  many  even  as  three  small  ganglion  bodies  may  be  found  invested 
by  a  common  capsule. 

Since  the  influence  of  the  nerves  on  the  activity  of  the  heart  has  been  more  accu- 
ntdy  investigated,  the  view  has  generally  been  admitted  that  the  differencie  between 
the  Tagos  and  the  esympathetic,  or,  in  other  words,  the  difference  between  the  inhibi- 
toiy  and  the  exciting  fibres,  is  to  be  sought  for  in  the  circumstance  that  the  one  acts 
<&«ctiy  on  the  muscular  substance,  the  other  only  indirectly  through  the  interven- 
tioD  of  the  ganglion  cells.  The  latter  is  supposed  to  be  tiie  mode  in  which  the 
vagus  acts,  though  no  positive  proof  of  the  fact  has  hitherto  been  adduced. 

KolHker,  indeed,  has  convinced  himself  from  anatomical  investigation  that  the 
vagoa  stands  in  no  direct  relation  with  the  ganglion  cells,  but  other  observers  do  not 
HW*  with  him  ;  and  very  recently  Bidder,t  who  has  also  examined  the  subject  ana- 
tOBokzlly,  baa  stated  that  the  spiral  fibres  are  fibres  of  the  vagus  passing  to  the 


*  R.  Lee,  PhUoaophieal  Tranmctions^  London,  1840,  Plates  ii.  and  iii 

SVirchow's  ArMv^  Band  xxx.,  p.  4o8. 
Archhfur  Anatomic  u,  Physiilo^e^  1868,  p.  1. 
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ganglion  cells,  whilst  the  straight  fibres  are  given  off  by  the  ceUs,  and  are  destined  to 
be  peripherically  distributed.  If,  however,  Bidder  rests  his  view  exclusively  on  the 
results  of  sections  of  the  nerves  made  in.  frogs,  his  evidence  is  diminished  in  value 
to  some  extent,  because  in  these  animals  the  Rami  Cardiaci  are  the  only  nerves  which 
pass  to  the  heart ;  and  consequently,  when  they  are  divided,  not  only  the  inhibitozy, 
but  the  exciting  fibres  would  undergo  degeneration. 

The  further  distribution  of  the  nerves  in  the  muscular  substance  of  the 
heart  is  difficult  to  follow,  as  they  undergo  rapid  subdivision,  or,  at  least, 
but  few  trunks  can  be  seen.  Hence  it  follows  that  the  fibres  are  delicate 
and  non-medullated.  It  is  generally  acknowletlged  that  ganglia  are  dis- 
tributed in  the  muscular  substance.  If,  however,  this  be  admitted  on  the 
authority  of  Remak,*  it  is  io  be  remarked  that  he  observed  their  presence 
under  the  microscope  only  in  the  case  of  the  calf.  I  have  not  been  myself 
successful  in  discoveriug  such  ganglia  lying  between  the  fibres  in  the  proi>er 
muscular  substance,  and  can  only  admit  that  they  may  be  found  on  a  few 
traversing  trunks  or  branches. 

Friedlanderf  maintains  that  large  numbers  of  ganglion  cells  are  present  in  the 
muscular  substance  of  the  heart  of  the  frog,  as  he  believes  he  has  demonstrated  the 
constant  existence  of  such  cells  in  still  pulsating  portions  of  muscle,  in  which 
there  were  not,  in  some  instances,  more  than  two  or  three  muscular  fibres.  His 
statements,  however,  are  not  sufficiently  precise.  He  has  given  no  description  of 
either  the  size,  form,  or  appearance  of  the  supposed  ganglion  cells,  and  has  made  no 
investigations  to  show  their  connection  i^dth  nerve  fibres. 

We  possess  a  few  observations  res]iectii)g  the  mode  of  termination  of  the 
nerves  in  the  muscular  tissue  of  the  heart,  that  have  been  made  by  Kolliker 
and  Krause,  Kolliker  considers  that  in  the  frog  the  pale  nucleated  fibres 
running  on  and  in  the  secondary  muscular  bundles  terminate  in  the  same 
mode  as  the  nerves  of  tlie  voluntary  muscles ;  whilst  Krause  states  that 
*'  the  double-contoured  nerve  fibres  of  the  cai-diac  muscle  end  in  motor  ter- 
minal plates  ;  and  hence  the  peculiar  operation  of  the  cai*diac  nerves  receives 
no  explanation  from  the  mode  in  which  they  terminate."  J 

That  the  relations  of  the  cardiac  nerves  must  diifer  from  those  distributed 
to  the  muscles  of  the  trunk  is  probable  on  d  2^riari  grounds,  from  the  dif- 
ferent arrangement  of  the  muscular  elements;  for,  as  the  Bevei*al  muBcle 
cells  preserve  their  independence,  it  is  easy  to  conceive  that  their  mode  of 
innervation  would  be  peculiar,  and  would  present  an  analogy  to  that  of  the 
smooth  muscular  tissue.  Further  inquiry  is  requisite  to  determine  the  pre- 
cise mode  in  which  the  ultimate  distribution  of  the  nei'ves  is  efiected,  but 
the  following  remarks  may  be  provisionally  made  for  the  purposes  of  com- 
parison with  the  arrangements  presented  by  other  muscles. 

The  nerves  nm  in  the  connective  tissue  accompanying  the  capillaries  and 
occupying  the  fissures  between  the  muscle  cells,  and  appear  in  the  foim  of 
delicate  nucleated  fibres,  resembling  those  which  are  elsewhere  seen  to  con- 
stitute the  peripheric  terminations.  It  is  difficult,  even  in  very  thin  layers 
of  muscle,  to  discover  the  extremely  delicate  fibres.  The  nuclei  of  tlie 
capillaries,  of  the  nerves,  and  of  the  muscle,  however  dififerent  their  charac- 
ters may  be,  confuse  the  micrascopic  image  to  so  great  an  extent  that  no 
other  course  is  left  but  to  isolate  the  nerves  by  dissolving  out  the  network 
of  muscle  cells. 

If  specimens  be  taken  from  the  middle  of  the  ventricular  wall  of  Mam- 
mals, we  may  obtain,  in  successful  cases,  numerous  nerve  fibres,  though 

♦  Miiller's  Arc/iiv,  1844,  p.  403.  ' 

{Untermchtingen avs der  P/iysioU)ffMi€  Laboratortum  in  Wurziiiirgj  Heft,  ii.,1867. 
Anutomie  des  Kaninchcns.    Leipzig,  1868,  p.  178. 
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nsnally  onlj  in  fragmentii,  and  may  aee  how  frequently  they  divide,  and, 
with  great  clearness,  the  mode  in  which  they  form  networks  (Fig.  62).  The 
divisions  are,  in  some  parts,  very  numerous  (a),  though  the  lateral  branches 
Are  for  the  most  part  torn  off.  We  seldom  meet  with  such  a  ease  as  is 
represented  at  6,  and  when  seen,  there  must  always  remain  a  doubt  whether 
A  natural  termination  is  under  obsei-vation,  because  the  fibrils  issuing  from 
the  second  nuclear  swelling  are  so  fine  that  no  sure  ground  is  afforded^  to 
determine  whether  or  no  they  are  V>roken  off.  In  the  Frog,  the  an*angement . 
is  80  far  different  that  no  capillaries  exist  in  the  muscular  mass,  and  the 
individual  bundles  are  composed  of  closely  compressed  fusiform  cells.     la 


P%  62.  Isolated  nerve  fibres  from  the  mnscnlar  substance  of  the  wall  of  the  ventricle. 
From  the  Dog.     Magnified  500  diameters. 

Pig.  63,  two  trabeculse  are  exhibited  from  the  auricle,  partially  detached 
from  each  other.  Fine  nerve  fibres,  with  the  ordinary  nuclei,  intervene 
between  them,  and,  after  frequently  undergoing  subdivision,  become  closely 
applied  to  the  muscular  OEbsciculL  (The  branch  a  runs  beneath  the  fasci- 
€«lu«.)  Fine  fibres  are,  as  insual,  given  off  from  the  characteristic,  triangular 
nuclei,  which  penetrate  into  the  interior  of  the  ^sciciilus,  and  it  may  then 
«a«ily  be  seen  that  the  nucleated  fibre  c  lies  in  a  space  between  the  muscle 
cells.  By  carefully  isolating  the  tissues,  very  fine  branched  fibrils  may  be 
exhibited,  which  might  be  regarded  as  nervous  in  their  nature,  even  without 
any  direct  connection  with  undoubted  nerve  fibres  being  discoverable.  Such 
fine  fibrils  sometimes  adhere  firmly  to  the  muscle  cells. 

Notwithstanding  the  doubts  that  exist  on  some  of  these  points,  it  may  be 
regarded  as  well  ascertained  that  the  finer  branches  of  the  cardiac  nerves  lie 
between  the  proper  elements  of  the  muscle,  and  so  come  into  immediate  con- 
tact with  the  contractile  substance  which  is  here  destitute  of  sarcolemma. 


Digitized  by 


Google 


190 


THE   HEART. 


As  to  what  proportion  the  number  of  terminal  nerve  branches  bear  to  the 
number  of  muscle  elements,  no  positive  statement  can  at  present  be  made. 
I  have  not  been  able  to  observe  any  such  direct  connection  between  the 
nerves  and  the  nuclei  of  the  muscle  cells  as  has  been  stated  by  Frankea- 
hauser  in  regard  to  the  smooth  muscles."** 

Fig.  63. 


Fig*.  (53.  Trabeculse  of  mnscle  from  the  auricle  of  the  Frog,  with  the  nerves. 

It  still  remains  to  notice  other  parts  in  which  ramifications  of  the  cardiac 
nerves  occur,  and  of  these  the  first  that  may  be  mentioned  is  the  pericar- 
dium, in  which,  as  in  other  serous  membranes,  networks  of  fine  fibres  are 
present.  And,  secondly,  the  endocardium,  in  which  a  very  considerable 
development  of  nervous  tissue  exists.  This  distribution  is  not  exclusively 
connected  with  the  presence  of  muscular  layers,  since,  besides  motor,  we 
must  certainly  admit  the  existence  of  other  nerves  with  diiferent  endow- 
ments. The  latter  teiminate  in  the  inner  laminaa  of  the  membrane ;  but 
their  finer  bi*anches,  in  consequence  of  the  elastic  tissue  present^  are  only  to 

*  To  enter  more  minutely  on  this  subject,  and  to  give  the  details  required  for  ma- 
king special  investigations  in  it,  would  lead  us  too  far,  and  the  consideration  of  these 
points  must  therefore  be  reserved  for  discussion  elsewhere. 
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be  discovered  with  difficulty,  and  require  the  application  of  chloride  of  gold.* 
IVj  are  nucleated,  and  form  networks  in  the  membrane  which  are  analo- 
gotift  to  those  oi-dinarily  found  in  serous  membranes,  except  that  the  meshes 
we  much  narrower.  Since,  however,  there  is  no  regularity  in  their  distri- 
bution, any  attempt  at  oomjiarative  measurement  would  only  be  applicable 
to  special  instances.  The  nerves  terminate  in  a  manner  essentially  similar 
to  those  of  serous  membranes  generally,  though  it  is  here  extremely  difficult 
to  arrive  at  any  positive  conclusions. 

Th©  plexus  of  coarser  fasciculi  lying  in  the  sub-serous  connective  tissue, 
and  tl».erefore  beneath  the  muscular  layer  of  the  endocardium,  and  which 
can  eaasily  be  brought  into  view,  must  be  distinguished  from  the  fine  net- 
works of  fibres  above  described.  Isolated  fibres  are  given  off  from  them, 
▼bich  partly  end  in  the  muscles  and  partly  enter  into  the  formation  of  the 
above-mentioned  £ne  networks. 

*  The  above  statements  are  based  on  hitherto  unpublished  investigations  that  have 
ncentlj  been  made  under  my  direction  by  Dr  Schmulewitsch. 
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CHAPTER   VIIL 

THE   BLOODVESSELS. 

Br  C.  J.  EBEKTH, 

PROFESSOR   OF   PATHOLOGICAL   AXATOMY  IN    ZUBICH. 

In  adult  vertebrate  animals  the  essential  constituent  of  the  bloo<lvesseIs  is 
a  tubular  system  formed  of  a  single  layer  of  flat  cells,  or  of  a  delicate  nu- 
cleated membrane,  termed  the  endothelial  tube  by  His,*  the  perithelial  tube 
by  Auerbachjf  and  the  cell  membrane  by  E>emak.J  This  tube  is  the  least 
variable  part  of  the  vascular  walls,  and  is  present  alike  in  tlie  finest  blood- 
vessels, in  the  largest  trunks,  and  in  the  dilated  portions  of  the  vascular 
system — the  heart  and  the  several  sinuses — however  much  the  other  con- 
stituents of  the  vascular  wall  may  vary.  In  a  few  organs,  however,  as  in 
the  spleen  of  Mammals,  in  the  pulmonary  organs  of  the  Cephalophora,  and 
in  the  gills  of  Crustacea,  the  passages  through  which  the  blood  courses  ap- 
pear to  be  destitute  of  a  proper  wall.§  The  capillaries  and  smaller  veins 
are  formed  of  this  tube  alone,  the  elementary  constituents  of  which  are 
delicate,  flattened,  more  or  less  fusiform,  or  polygonal  cells,  composed  of  a 
nucleus  with  surrounding  protoplasm,  and  aii'anged  for  the  most  part  paral- 
lel to  the  long  axis  of  the  vessels. 

In  the  heart  and  arteries,  and  in  most  of  the  veins,  this  cell  tube  is  in- 
vested by  connective  tissue  and  by  elastic  and  muscular  element.*,  which 
are  frequently  arranged  in  layers,  but  are  often  also  iiTegularly  combined 
into  a  tunic,  that  in  opposition  to  the  internal  cellular  membrane  may  be 
called  the  external  vascular  coat  or  investing  membrane.  Tlie  thickness  of 
this  membrane  does  not  increase  proportionally  to  the  diameter  of  the  vessel, 
as  there  are  wide  vessels  with  very  thin,  and  small  vessels  with  comparative- 
ly thick  coats.  Amongst  the  Invertebrata,  as  in  snails  and  mussels,  even 
the  large  lacunar  blood  si)aces  which  surround  the  viscera  are  bounded  only 
by  a  very  delicate  celhilar  membrane,  which  invests  the  various  organs  as 
an  external  epithelial  tissue,  similar  to  the  epithelium  of  the  peritoneum. 

The  smaller  vessels  have  thicker  walls  in  compaiison  with  the  larger,  but 
the  several  components  of  the  wall  do  not  participate  to  an  equal  extent  in 
producing  this  increase  of  thickness.  It  is  chiefly  eflfected  by  an  augmenta- 
tion of  the  muscular  tissue,  which  becomes  abundant  in  proportion  to  tlie 
diminution  in  the  quantity  of  the  elastic  and  connective  tissue. 

The  tissues  which  form  the  investing  tunics  are  arnuiged  in  layers,  tbe 
thickness  of  which,  as  well  as  the  order  of  their  succession,  undergo  many 
variations. 

The  investing  layer  is  limited  internally  by  an  elastic  membrane  termed 

*  Die  Haute  vnd  Ilohlen  des  Kf'rrpers.     Basel,  1866. 

■f  Virchow's  Archie^  Band  xxxiii.,  1865. 

X  Miiller's  Arcfdv,  1850. 

§  Bidder,  in  his  Beitrage  zur  Ch^ndkologis  nnd  Getnirtsknnde^  v.  Hdtst^  1867,  bas 
incorrectly  denied  the  presence  of  an  endotheliam  in  the  marginal  veins  of  the  pla- 
centa.    See  Eberth,  Virchow's  Archiv^  Band  xliii.,  p.  136,  1868. 
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the  internal  elastic  coat.  The  external  surface  of  this  membrane  is  covered 
by  a  muscular  layer  composed  of  smooth  muscular  fibres,  which  are  partly 
arranged  in  a  circular  and  partly  in  a  longitudinal  direction.  This  layer  is 
termed  the  middle  coat  in  consequence  of  the  position  it  occupies  between 
the  elastic  coat  on  the  one  hand,  and  the  external  coat  or  tunica  adventitia^ 
composed  chiefly  of  connective  tissue  and  elastic  fibres,  on  the  other. 

To  these  tunics  must  still  be  added  a  fourth  connective  tissue  layer — th^  in- 
Urnal  tunic  or  internal  longitn^hiaJ fibre  layer^  which  lies  between  the  endo- 
thelium and  the  elastic  internal  coat,  and  which  I  shall  term  the  intei-rne- ' 
dviite  Uiyer.  In  the  arteries  it  is  only  present  in  the  larger  vessels,  and  is 
gradually  last  towards  the  periphery.  In  the  veins  it  attains  its  maximum 
in  some  of  the  peripheral  vessels,  and  diminishes  towards  the  heart,  so  that 
it  is  almost  entirely  absent  in  such  large  vessels  as  the  vena  cava. 

Besides  the  above-named  elements  the  vascular  walls  contain  elastic  fibres 
and  sheets,  which  sometimes  appeal*  as  finer  or  coarser  fibres  arranged  in  a 
retifona  manner,  at  others  in  the  form  of  strong  broad  bands,  and  sometimes 
as  fine  striated  lamelhe  and  membranes.  Tlie  elastic  fibres  form  a  network 
extending  through  the  whole  thickness  of  the  investing  layer,  the  proportional 
development  of  which  varies  not  only  in  different  portions  of  the  vascular 
system,  but  also  in  the  diflferent  coats.  Such  fibrous  networks  attain  a  great 
development  in  the  arteries  on  the  external  surface  of  the  muscular  tunic,. 
where  they  often  form  a  strong  and  tolerably  well  defined  layer.  (Henle's. 
external  elastic  coat.) 

Vasa  vasorum  and  Nerves. — The  tunica  adventitia  of  the  large  arteries 
and  veins  possesses  arteries,  cai)illaries,  and  veins  which  may  extend  even 
into  the  external  layers  of  the  muscular  coat.  The  inner  fibrous  membrane 
is  destitute  of  vessels. 

Lymphatics  have  not  hitherto  been  traced  into  the  coats  of  the  blood- 
vessels. The  lymphatics  of  the  endocardium  only  extend  as  far  as  the  semi- 
lunar valves.* 

In  Amphibia  and  Keptiles,  the  large  vessels,  and  especially  the  arteries, 
Ue  in  the  interior  of  immense  lymphatic  spaces,  and  are  invested  by  the  cell 
membrane  of  the  lymphatics. 

Hie  perivascular  spaces  in  the  brain  and  spinal  cord  of  Mammals,  which 
were  formerly  i-egarded  by  His  as  lyniphatics,f  are,  according  to  his  more  re- 
cent investigations,  as  well  as  mine,  only  lacunie  in  the  tissue,  and  possess 
no  proper  walls. 

With  the  exception  of  the  capillaiies,  the  presence  of  nerves  has  been 
d«>moiistrated  in  all  vessels,  even  in  the  tunica  adventitia  of  the  non-mus- 
cular veins  of  the  pia  mater.  These,  partly  consisting  of  dai-k-edged  and 
partly  of  pale  fibres,  break  up  after  they  have  traversed  the  tunica  adven- 
titia into  a  fine  network.  The  fibres  of  this  network,  according  to  my  ob- 
Mrvations  on  the  small  cutaneous  vessels  of  the  Frog,  are  of  the  most  deli- 
cate description,  whilst  the  network  is  of  the  closest  character.  I  have  not 
been  able  to  convince  myself  of  the  precise  mode  in  which  they  terminate, 
especially  in  regard  to  the  muscles. 

Ganglion  cells  occur  in  the  course  of  some  of  the  afferent  nei-ve  fibres, 
and  in  the  coarser  plexuses.  Beale  J  considers  them  to  be  very  widely  dis- 
tributed.    I   have  recognized  them  only  in   the  inferior  vena  cava  of  the 

•  Eberth  and  Belajeff,  Virehow's  Arcfdv,  Band  xxxvi:,  1866,  p.  124. 
t  Zeit^efiriftfar  wissenschafttiche  Zoologie,  Band  xv.,  1865,  p.  127. 
X  Pkilonophieal  TransaetionSj  cliii.,  p.  562. 
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Frog,  where  they  were  first  discovered  by  Lehmann.*  Heaps  of  small, 
somewhat  flattened,  and  closely  compressed  gangHon  cells  unite  to  form 
roundish  nerve  knots. 

Abteries. 

The  arteries  are  distinguished  from  the  veins  by  their  thicker  walls,  re- 
sulting from  the  greater  development  of  their  muscular  and  elastic  fibres. 
The  thickness  of  the  entire  wall  increases,  though  not  proportionally  to  the 
increase  of  the  calibre  of  the  vessel.  The  thickness  of  the  muscular  tissue 
increases  with  the  diminution  of  the  calibre.  The  quantity  of  elastic  fibres, 
on  the  other  hand,  increases  with  the  calibre.  The  ceUvlar  layer  of  the 
arteries  consists  of  fusiform  or,  occasionally,  polygonal  cells,  which  vary  but 
little  in  diameter  in  the  various  vascular  provinces. 

El^lbtjc  Inner  Coat. — The  innermost  layer  of  the  external  vascular 
coat — the  elastic  membrane  of  Donders,  the  elastic  internal  tunic  of  Kolli- 
ker,  the  elastic  longitudinal  fibre  layer  of  Remak — consists  in  the  finest 
vessels  of  a  network  of  fine  elastic  fibrils^  or  of  a  delicate  structureleas 

Fig.  64. 


Pig.  64.  Endothelium  of  the  carotid  artery  of  Man,  after  treatment  with  nitrate 
of  silver,  a,  cells;  h^  clearer;  c,  darker  intermediate  spaces;  d^  intra-oeUular  oir« 
cular  and  spotted  markings. 

elastic  membrane,  which,  in  collapsed  or  bent  vessels,  or  when  sepamted 
from  its  attachments,  exhibits  fine  parallel,  longitudinal,  and  transverse 
folds.  It  can  be  distinguished  even  in  very  fine  tubes  possessing  only  iso- 
lated muscle  cells.     Towards  the  larger  vessels  the  membrane  increases  in 

*  ZeUsohHftfur  wiismuehaf&iche  Zodhgie^  Band  xiy.,  p.  846. 
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tliickiiess ;  small  ronnded  or  elongated  spaces  occur  in  it,  and  it  now  appears 
as  a  fenestrated  membrane  thickened  with  longitudinal  rugss  (Arteria  basi- 
huris).  In  the  larger  vessels  the  fenestras  are  more  numerous;  the  mem- 
brane, in  consequence,  assumes  the  appearance  of  a  network  composed  of 
fibres  of  varying  thickness,  or  of  a  fenestrated  membrane  with  plexiform 
thickenings.  Large  trunks,  such  as  the  axillary,  carotid,  pulmonary,  crural, 
popliteal,  and  hepatic  arteries,  instead  of  a  simple  elastic  membrane,  possess 
two  or  three  anastomosing  lamellaB,  or  plexiises  of  elastic  tissue,  a  clear,  but 
slig^tlj  fibrous  connective  tissue  filling  up  their  interspaces. 

Ikternal  Fibrous  Coat. — With  the  above  membrane  is  associated  a 
second,  which,  however,  is  not,  as  Henle  *  maintained,  situated  between  it 
and  the  next  coat,  the  so-called  tunica  media ;  but,  according  to  the  observa- 
tions of  K611iker,f  Gimbert,J  and  myself,  occupies  a  position  intermediate 
between  the  epithelium  and  the  elastic  inner  tunic.  Kemak  has  designated 
this  layer  as  the  innermost  longitudinal Jibrous  coat/  KoUiker,  as  the  striated 

Pig.  65. 


Fig.  65.  Elastic  internal  tonic  of  the  basQar  arteries. 

layer  of  the  internal  coat.  This  coat  consists  of  a  finely  granular  substance, 
with  delicate  fibrils  running  transversely  and  longitudinally.  The  greater  part 
of  this  tunic  is  destroyed  by  the  action  of  potash.  Externally,  this  mem- 
brane becomes  more  distinctly  fibrous,  and  gradually  passes*  into  elastic 
networks  and  membranes. 

According  to  Langhans,  §  this  layer  is  not  distinctly  fibrous  in  young 
persons,  but  indistinctly  granular,  the  striation  first  becoming  apparent 
after  the  membrane  has  attained  a  certain  thickness. 

The  tissue  of  this  membrane  contains  numerous  fusiform  and  stellate  cells, 
lying  in  anastomosing  canals,  with  relatively  large  nuclei,  and  with  either 
finely  granular  or  quite  homogeneous  cell  substance.  Amongst  these  ele- 
ments small  granulation  cells  are  sometimes  found,  respecting  which  it  is  a 
matter  of  doubt  whether  they  are  to  be  regarded  as  normal  or  pathological 
constituents.  In  some  instances,  the  nuclei  of  the  fusiform  cells  present  so 
well  marked  a  rod-like  form  as  to  lead  to  the  supposition  that  smooth  mus- 

*  ABgemeine  AntUomie^  p.  406. 
k  Handbueh  der  OewMMire^  5.  Auflage,  p.  588. 

X  Memaire  9ur  la  structure  etsurla  texture  des  Arterss,  Journal  de  PAnatomie  et  d$ 
la  Pkgmohgie,  par  Charles  Robin,  p.  536,  1865. 
g  Virchow's  Arehk,  Band  xxxvi.,  p.  197,  1866 
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cles  are  present.  But,  like  Kblliker,*  who  first  drew  attention  to  them  in 
the  axillary  and  popliteal  arteries,  I  have  been  unable  to  convince  myself 
of  the  presence  of  smooth  muscles  in  the  internal  coat  of  these  vessels.  On 
the  other  hand,  I  have  met  with  isolated  muscle  cells  in  the  internal  longi- 
tudinal fibrous  tunip  in  the  hepatic  and  splenic  arteries,  and  in  the  crural, 
at  the  points  where  they  divide. 

Muscular  Coat. — The  transition  of  a  caj)illary  into  an  arterial  tube  com- 
mences with  the  appearance  of  scattered  transvei-sely  disposed  fusiform 
muscle  cells,  immediately  external  to  the  endothelial  tube,  and  between  it 
and  the  tunica  adventitia. 

Fig.  66. 


Fig.  66,  Small  arteiy  from  the  brain  of  Man.  a,  tunica  adventitia ;  a\  a  midetis 
of  the  tunica  adventitia ;  6,  muscle  nucleus;  c,  elaetie  internal  tunic;  d,  cell  mem- 
brane formed  of  fusiform  cells. 

The  muscle  cells,  which  at  first  form  only  a  single  interi'upted  layer, 
gradually  increase  in  number,  and  come  to  constitute  an  independent  layer 
of  cells,  adjoining  to  and  superimposed  \ipon  each  other.  Externally,  this 
layer  is,  for  the  most  part,  sharply  bounded  by  the  external  elastic  tunic, 
or  by  the  tunica  adventitia,  and  internally  by  the  inner  elastic  membrane. 

I  find  that  a  short  portion  of  the  pulmonary  artery  and  the  aorta,  im- 

*  Zdtschriftfur  masensc/iaftUc/ie  Zoologie^  Band  i.,  p.  81,  1840. 
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mediately  above  the  attachment  of  the  semi-lunar  valves,  are  destitute  of 
muscle. 

3Canj  arteries  possess  no  mnscles  whatever.  Leydig  *  found  none  in  the  aorta  of 
Balaaia  mnscnlns,  nor  in  the  aorta  and  other  larger  arteries  of  Raja  batis,  Bpinax 
mger,  and  Polypterua,  nor  in  the  basilar  artery  of  the  brain  of  Scymnus  lichia,  the 
fine  ceiebral  arteries  of  which ,  however,  contain  distinct  circularly  arranged  muscles. 

With  the  exception  of  the  largest  arterial  trunks,  the  muscular  layers 
consist  of  finely  granular  connective  tissue,  containing  scattered  cells,  and 
traversed  by  a  few^  fine  elastic  fibrils,  in  which  lie  a  number  of  muscle  cells, 
more  or  less  closely  packed.  In  the  more  peripherically  situated  vessels 
the  quantity  of  this  intermediate  substance  diminishes,  and  the  muscle  cells 
are  in  closer  proximity  with  one  another.  In  the  larger  arterial  trunks,  as 
the  aorta,  pulmonary,  subclavian,  and  carotid  arteries,  the  intermediate 
substance  is  not  only  so  abundant  that  the  short  and  isolated  muscle  cells, 
and  the  smaller  groups  of  such  cells,  are  separated  from  one  another  by 
large  intervening  spaces,  but  the  elastic  tissue  also  attains  its  greatest  de- 
velopment in  the  muscular  layers.  Associated  with  the  fine  and  narrow- 
meshed  elastic-fibre  networks  which  traverse  the  fibrous,  granular  interme- 
diate substance,  are  a  series  of  lamellae  of  tolerably  even  width,  composed  of 
elastic  bands  and  fenestrated  membrane.     These,  ari*anged  at  nearly  regular 

Fig.  67. 


Fig.  67.  Transverse  section  of  the  coats  of  the  basilar  artery,  a,  endothelium ;  5, 
elastic  internal  membrane ;  <;,  muscle  cells ;  d^  tunica  adventitia. 

intervals,  constitute  septa,  dividing  the  muscular  tunic  into  numerous 
layers.  The  lamellse  are  connected  by  numerous  oblique  anastomoses,  and 
are  also  continuous  with  the  fine  elastic  fibres.  They  chiefiy  pursue  a  ti*ans- 
▼erse  direction. 

In  man,  at  least,  there  is  always  a  layer  of  circularly  arranged  muscle 
cells,  which,  however,  are  strengthened  by  oblique  or  longitudinal  muscular 
fasciculi,  that  are  sometimes  situated  externally,  sometimes  internally,  to 
the  circular  fibre  layer,  and  sometimes  occuiDy  both  positions. 

Scattered  longitudinally  and  obliquely  disposed  muscle  cells  are  found  in 
the  descending  thoracic  aorta  between  the  transverse  muscular  fibres.  The 
large  vessels  that^  on  account  of  their  loose  connections,  ai*e  easily  moved, 
like  those  of  the  viscera  of  man  and  mammals,  the  arteria  lienalis,  renalis, 
wnbilicalis,  and  dorsalis  penis,  are  particularly  characterized  by  longitudinal 
moscular  bundles. 

The  longitudinal  muscles  of  the  arteries  are  chiefly  situated  in  the  tunica 


Lehrlmch^  1857. 


Digitized  by 


Google 


198 


THE   BLOODVESSELS. 


adventitia,  especially  in  its  internal  and  middle  layers,  where,  however, 
they  seldom  form  a  continuous  layer,  but  are  united  into  fasciculi  of  greater 
or  less  strength  (arteria  renalis,  lienalis,  dorsalis  penis).  A  well-developed 
longitudinal  musculfu:  layer  invests  the  circular  fibrous  layer,  which  is  also 
strongly  marked  in  the  arteries  of  the  mesovarium  of  Batrachia.  The  ad- 
ventitia  of  the  crural  artery  contains  a  few  short  longitudinal  iasciouli. 
According  to  Remak,*  both  in  man  and  various  mammals  (ox,  sheep,  pig), 
small  bundles  of  longitudinal  muscles,  apparent  even  to  the  naked  eye  as 
whitish  masses,  are  recognizable  on  the  external  surface  of  the  arch  and 
thoracic  poi-tion  of  the  aorta.f  In  oxen,  sheep,  and  pigs,  Bemak  was  able 
to  follow  the  longitudinal  muscles  as  far  as  the  iliac  arteries,  and  in  the 
sheep  he  found  them  in  the  pulmonary  artery  and  its  branches.  In  the 
arteiies  distiibuted  to  the  viscera,  Eemak  found  external  longitudinal  mua- 

Fiff.  68. 


'^.»--....,JiJu 


Fig.  68.  Longitudinal  section  through  the  coat  of  the  thoracic  aorta, 
plates;  b,  transverse  muscles  in  section;  c,  longitudinal  muscles. 


a,  elartie 


cles  only  in  the  trunk  and  in  the  primary  divisions  of  the  superior  mesente- 
ric, the  splenic,  and  renal  arteries  of  oxen,  but  in  the  sheep  they  are  scarcely 
perceptible  in  the  ai-teria  mesenterica.  In  both,  the  bundles  are  collected 
into  a  thick  uninten-upted  longitudinal  layer. 

I  was  only  able  to  find  internal  longitudinal  muscles  in  the  form  of  isola- 
ted cells  in  the  interaal  longitudinal  fibrous  tunicof  the  hepatic,  splenic,  and 
crural  arteries.  I  was  not  able  to  discover  them  in  the  remaining  abdominal 
vessels,  nor  in  the  axillary  and  popliteal  arteries,  where  Kolliker  believed 
he  had  recognized  them. 


♦  MuUer's  Arehiv,  p.  90,  1850. 

f  I  can  corroborate  this  statement  in  the  caae  of  the  calf. 
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A  delicate  layer,  composed  of  contractile  longitudinal  fibres,  exists,  accord- 
ing to  Remak,  iu  the  internal  longitudinal  fibrous  tunic  of  the  renal,  splenic, 
h™iic,  and  mesenteric  arteries  of  man,  the  ox,  sheep,  and  pig.  ~^  These  mus- 
'clw|  however,  are  only  found  near  the  origins  of  these  vessels,  and  on  the 
proximal  side  of  the  point  at  which  the  branches  are  given  off  from  the 
tnink.  In  oxen,  these  muscles  form  thick,  strongly  projecting  longitudinal 
cords  that  are  crotssed  by  strong  circular  fibres  near  the  larger  openings,  and 
there  constitute  a  kind  of  sphincter. 

Through  these  longitudinal  muscles  the  openings  of  the  less  fixed  vessels, 
given  off  at  acute  angles,  are  probably  kept  contracted  when,  in  consequence 
of  the  strong  contraction  of  the  discharging  vessels,  the  passage  of  the  blood 
is  diecked.  This  longitudinal  fibre  layer  is  absent  in  tliose  vessels  where, 
on  socount  of  their  fixity,  and  Uie  equality  of  the  strength  of  the  blood 
eoiomn,  this  provision  is  not  required,  as  in  the  innominate,  carotid,  and 
sahclavian  arteries. 

I  have  observed  scattered  longitudinal  muscles  in  the  tunica  interna,  at 
ihe  points  where  branches  are  given  off  at  acute  angles,  as  at  the  division  of 
the  external  iliac  into  the  femoral  and  profunda  arteries. 

Distinct  external  and  internal  longitudinal  muscles  are  only  found  in  the 
extremely  muscular  umbilical  arteries.  The  circular  muscular  layer  is  here 
lined  internally  by  a  continuous  layer  of  longitudinal  muscles,  and  externally 
hy  interrupted  and  slender  muscular  bundles,  running  in  the  same  direction. 

ExTEHNAL  Elastic  Coat,  and  Tunica  Adventitia. — The  external  elastic 
tunic  of  Henle  *  exists  as  an  independent  membrane  in  the  smaller  and  me- 
dinm-aized  arteries,  with  few  exceptions  (internal  spermatic,  splenic,  renal, 
hepatic,  brachial,  crural,  popliteal  and  plantar  arteries). 

The  basilar  artery,  the  muscular  tissue  of  which  is  poor  in  elastic  fibres, 
loses  this  membrane  completely,  and  presents  instead  a  very  loose  network 
of  fine  elastic  fibres  in  the  tuidca  adventitia  The  dorsal  artery  of  the  penis 
contains  similar  and  numerous  elastic  networks.  The  aorta,  axillary,  carotid, 
subclavian,  and  pulmonary  arteries,  whilst  they  present  largely  developed 
ebstic  lamin«  in  the  muscular  tunic,  do  not  possess  a  proper  external  elastic 
loembraue. 

Speaking  generally,  this  membrane  is  formed  by  a  network  of  fine  elastic 
fibres,  which  is  sharply  defined  internally  towards  the  muscular  layer,  but 
which  externally  anastomoses  with  the  elastic  network  of  the  tunica  adventi- 
tia. The  remaining  portion  of  the  adventitia  consists  of  decussating  fasci- 
culi of  connective  tissue,  with  networks  of  elastic  fibres. 

After  what  has  been  said,  it  is  obvious  that,  whilst  a  description  can  be 
given  which  shall  be  applicable  to  individual  ai-teries,  and  to  groups  of 
arteries,  no  general  statement  can  be  given  that  is  appropriate  to  the  entire 
arterial  system ;  there  is,  in  fact  a  cei-tain  antagonism  between  the  elastic 
element  of  the  tunica  adventitia  and  that  of  the  circular  muscular  layer,  as  is 
»elJ  shown  in  the  case  of  the  basilar  artery.  Still  more  frequently,  again, 
there  exists  a  certain  antagonism  between  the  muscles  and  the  clastic  elements 
of  the  circular  muscle  layer.  If,  in  any  vessel,  the  muscles  preponderate, 
the  elastic  fibi^es  diminish  and  recede  towards  the  adventitia. 


^ AMgtfMtne  AnaUmUe,  p.  t502;  Hdndbueh  der  Anatomie  des  Mmsohen,  Band  ill.,  p. 
73;  Gewehdekre^  von  Kolliker;  Luigi  Fasee,  Intologia  delle  arterie  e  deUevene  degli 
^mmaU  tertebrati.     Palermo,  1865. 
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TBe  Veins. 

Veins  differ  from  arteries  in  possessing  thinner  walls,  less  elastic  and  mus- 
cular tissue,  and  for  the  most  part  a  stronger  tunica  adventitia. 

The  Epithelial  Layer  consists  of  cells  that,  when  compared  with  the  cor- 
responding structures  in  the  arteries,  present  a  more  polygonal  and  less  dis- 
tinctly fusiform  shape,  and  are  consequently  both  shorter  and  broader. 
Their  size  varies  in  different  regions. 

Elastic  Internal  Membrane. — The  veins,  like  the  arteries,  possess  an 
elastic  membrane,  situated  immediately  beneath  the  epithelium,  and  apparent 
even  in  small  vessels.  This  timic  never  acquires  the  size  and  strength  it 
exhibits  in  the  arteries,  and  usually  appears  as  a  delicate  and  rather  loose 
network  of  fibres, which,  for  the  most  part,  run  in  a  longitudinal  direction, 
and  but  rarely,  as  in  the  larger  trunks,  undergo  development  into  a  fi^ies- 
trated  elastic  tunic.  In  the  iliac  and  crural  veins  this  coat  appears  in  some 
places  to  be  split  into  two  laminte,  which  intercommunicate  with  one  another 
by  fine  elastic  fibrils.  A  delicate  indistinctly  fibrous  connective  tissue,  contain- 
ing longitudinally  and  transversely  an*anged  short  fusiform  cells,  occupies 
the  intei'spaces  of  this  network. 

The  internal  longitudinal  fibrous  tunic  is  situated  between  the  epithelial 
layer  and  the  internal  elastic  membrane,  as  in  the  arteries,  but  is  developed 
to  a  much  less  extent.  In  some  veins  it  is  almost  wholly  absent,  as  in  those 
of  the  neck,  the  axillary  vein,  the  vena  cava,  the  mesenteric  and  portal  veins, 
the  vena  azygos,  and  the  branches  of  the  pulmonary  vein.  The  thickness  of 
this  layer  by  no  means  corresponds  with  the  size  of  the  vessel.  Thus  it  is 
absent  in  the  vena  cava  inferior,  both  above  and  below  the  liver,  reappearing 
in  the  iliac  vein,  and  increasing  gi*adually  in  strength  until  the  popliteal  is 
reached,  where  it  attains  its  greatest  thickness.  At  this  part  the  membrane 
often  forms  thickenings,  which  appear  even  to  the  naked  eye  &s  small  eleva- 
tions and  transverse  ruga?.  On  tracing  it  further  towards  the  periphery  its 
thickness  wUl  be  found  to  undergo  gradual  diminution. 

Its  structure  is  essentially  similar  to  that  of  the  same  layer  in  the  arteries, 
with  the  exception  that  in  many  parts  numerous  muscles  are  present  which 
fail  to  appear  in  the  corresponding  arteries.  Thus  the  crural  vein  pi^sents 
small  bundles  of  longitudinal  muscular  fibres  between  the  laminae  of  its  ekus- 
tic  inner  coat,  and  the  popliteal  possesses  in  the  same  layer  an  internal  lon- 
gitudinal and  an  external  transverse  layer  of  muscular  fibres. 

Muscles. — In  accordance  with  the  presence  or  absence  of  muscles  in  the 
walls  of  the  veins,  these  vessels  are  divided  into  the  muscular  and  the  non- 
muscular. 

To  the  former  belong  the  veins  of  the  pia  and  dura  mater,  the  veins  of  Bres- 
chet  in  the  bones,  the  veins  of  the  retina,  the  lower  portions  of  the  veins 
of  the  trunk  opening  into  the  vena  cava  superior,  the  external  and  internal 
jugular  veins,  the  subclavian  veins,  and  the  veins  of  the  maternal  portion 
of  the  placenta. 

In  accordance  with  the  arrangement  of  the  muscular  tissue,  the  veins  may 
be  divided  into  three  groups  ;  namely, — 

Veins  with  longitudinal  muscles,  as  those  of  the  pregnant  uterus. 

Veins  with  an  internal  layer  of  circularly,  and  an  external  layer  of  longi- 
tudinally arranged  muscular  fibres  of  which  examples  are  found  in  the  vena 
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cava  ioferior,  both  in  and  below  the  liver,  the  vena  azygos,  and  the  portal, 
hepatic,  mtemal  spermatic,  renal,  and  axillary  veins. 

The  third  group  includes  veins  possessing  an  internal  and  an  external 
longitudinal  and  a  middle  transverse  layer  of  muscular  fibres.  Amongst 
tiiese  are  the  iliac,  crural,  and  popliteal  veins,  the  branches  of  the  mesenteric 
veins,  and  the  umbilical  vein. 

A  fourth  group  includes  the  veins  with  circular  muscular  fibres,  to  which 
the  veins  of  the  upper  and  partly  of  the  lower  extremities,  the  smaller  veins 
of  the  neck,  the  internal  mammary  vein,  and  the  veins  in  the  substance  of 
the  Imigs  belong. 

The  arrangement  of  the  muscles  is  thus  seen  to  vary  even  in  the  same  vas- 
cular r^on.  The  middle-sized  branches  of  the  mesenteric  veins  contain, 
for  instance,  two  longitudinal  muscular  layers  with  an  intermediate  circular 
layer,  whilst,  on  the  other  hand,  the  vena  porta  possesses  a  feebly  developed 
internal  layer  of  circular  fibres,  and  an  external  longitudinal  layer  of  con- 
siderable thickness. 

Ab  regards  the  proportionate  strength  of  the  muscular  coat,  the  veins  of 
the  lower  exti-emity  and  vena  umbilicalis  occupy  the  first  rank  ;  and  then  fol- 
low in  succession  those  of  the  abdominal  viscera,  and  of  the  upper  extremity, 
which  are  about  upon  an  equality ;  and  finally  those  of  the  thorax  and  neck. 
The  longitudinal  muscular  coat  is  most  developed  in  the  inferior  vena  cava 
below  the  liver,  in  the  iliac,  poi-tal,  renal,  and  mesenteric  veins. 

The  thoracic  portion  of  the  inferior  vena  cava  has  no  contractile  fibres  in 
man,  the  ox,  sheep,  pig,  and  rabbit,  whilst  the  hepatic  portion  of  the  same 
vessel  in  these  animals  possesses  a  strong  circular  muscular  layer. 

In  the  superior  vena  cava  of  man,  in  opposition  to  that  of  the  ox  and 
sheep,  there  are  no  muscular  fibres,  and  they  first  appear  in  the  upper  branches 
of  the  common  jugular  vein.  Here,  in  consequence  of  the  fixed  position  of 
the  vessels,  those  obstacles  are  absent  which  render  the  passage  of  the  cur- 
rent in  the  inferior  cava  diflBcult.  On  the  other  hand,  according  to  Bemak, 
in  the  superior  cava  of  the  ox  and  sheep  there  are  internal  transvei*se  and 
external  longitudinal  muscles,'  an  arrangement  that  may,  perhaps,  be  ren- 
dered requiidte  by  the  difierent  position  in  which  the  head  is  maintained. 

The  Tunica  Advestitia  of  the  veins,  like  that  of  the  arteries,  consists  of 
handles  of  decussating  fibrils,  the  direction  of  which  is  for  the  most  part 
longitudinal.  As  a  general  rule  their  diameter  increases  with  that  of  the 
vessel,  but  there  are  many  exceptions.  The  tunica  adventitia  of  the  veins  is 
distinguished  &*om  that  of  the  arteries  by  its  greater  thickness  and  the  small 
amount  of  elastic  fibres  it  contains,  as  well  as  by  the  presence  of  longitudi- 
nal muscles  in  certain  vessels.  The  external  layer  of  longitudinal  muscles 
helongs  exclusively  to  the  tiuiica  adventitia.  To  whatever  extent  the  lon- 
gitudinal fibres  may  be  developed,  they  never  form  a  distinct  coat  as  in  the 
tanica  adventitia  of  arteries,  but  only  a  coarse  network  constructed  of  larger 
or  smaller  fibres,  which  are  chiefly  found  in  the  middle  and  internal  layers 
of  ihe  tunica  adventitia,  and  diminish  towards  the  outer.  The  limits  between 
the  hiyers  of  muscular  and  elastic  fibres  are  never  very  well  defined. 

The  Valves  op  the  Veins  cannot  be  regarded  as  true  duplications  of  the 
internal  tunics.  The  elastic  finely  fi brillated  internal  membrane  covers  only 
the  convex  surface  of  the  valves.  The  i)roper  substance  of  the  valve  is  com- 
posed of  finely  fibril lated  connective  tissue  with  stellate  and  fusiform  cells. 

The  muscular  fibres  which  have  been  described  by  Wahlgren  in  the  lai^er 
valves,  I  have  not  been  able  to  discover  with  certainty. 
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The  saociform  transparent  appendages  of  the  veins  on  the  cardiac  side  of 
the  valves  of  the  veins  (to  be  found  in  the  axillaiy  external  and  internal 
jugular  and  crural  veins,  as  well  as  in  the  other  branches),  which,  according 
to  Remak,*  consist  exclusively  of  bundles  of  smooth  muscular  fibres,  I  find 
are  not  contractile. 

Capillaries. 

Capillary  vessels  removed  from  living  adult  animals,  and  examined  with 
due  precaution,  as,  for  example,  those  of  the  hyaloid  membrane  of  Frogs, 
treated  with  the  fluid  of  the  aqueous,  appear  to  be  composed  of  a  delicate, 
double-contoured,  dull  membrane,  in  which  oval  nuclei  are  imbedded  at 
tolerably  regular  intervals.  The  parietes  of  these  tubes  are  therefore  not 
structureless.  Tlie  capillanes  of  the  hyaloid  of  the  Frog  appear  to  consist  of 
a  soft  cloudy  substance  which  in  no  respect  differs  from  the  substance  of  the 
delicate  threads  of  protoplasm  given  off  by  the  cells  of  the  tunica  adventitia. 

Fig.  69. 


Fig.  69.  Capillaries  from  the  membrana  hyaloidea  of  the  adult  Frog,  showing  a 
thread-like  solid  anastomosis  between  them,  a  b,  cells  belonging  to  the  tonioa  ad- 
ventitia. 

In  young  living  animals,  as  in  tadpoles,  we  may  still  more  easily  convince 
ourselves  that  the  capillary  wall  is  not  completely  structureless,  but  that 
granules  are  distributed  through  it  in  a  stellate  manner,  and  that  in  its 
general  appearance  it  closely  resembles  protoplasm.  The  wall  here  fre- 
quently appears  uneven  and  provided  with  sniall  teeth,  or  prolonged  into 
fine  partly  solid  and  partly  hollow  funnel-like  and,  for  the  most  part,  non- 
nucleated  pointed  processes.  The  substance  of  these  is  always  more  gran- 
ular than  that  of  the  rest  of  the  membrane. 

Such  lateral  processes  are  found  also  in  adult  animals,  Strickerf  having 
aeen  them  in  the  nictitating  membrane  of  the  Frog,  whilst  I  have  also  ob- 

♦  Uebei'  contractUe  Klappensacke  an  den  Venen  des  MenscTien,  Deutsche  KUnik^  ill., 
p.  33,  1856.  »  >       , 

f  SiUangsberkhte  der  Wiener  Akademie,  Band  zii 
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cerred  them  in  the  hyaloid.  Threads  of  a  simibir  nature  occasionally  form 
connectiDg  bridges  between  neighboring  vessels.  The  diameter  of  these  pro- 
cesses is  often  far  less  than  that  of  the  capillary  from  which  they  spring, 
and  Lb  insufficient  for  the  passage  even  of  a  single  blood  corpuscle.  These 
outgrowths,  which  act  as  vasa  serosa,  and  as  the  youngest  sprouts  of  grow- 
ing capillaries,  render  it  highly  probable  that  even  in  adult  animals  a  new 
formation  of  vessels  occurs,  though,  perhaps,  only  to  a  limited  extent. 

Fig.  70. 


Fig.  70.  a.  Small  capillaries  with  faBiform  cells,  taken  from  the  mesentery  of  Leu- 
dmsQM ;  fr,  capillarieg  <^  the  peoten  of  the  eye  of  the  Bird,  exhibiting  polygonal  cells  ; 
y,  hyidoid  membrane  investing  the  capillariea ;  c,  capillaries  from  the  intestine  of  the 
Snail,  showing  irregularly  lobed  cells. 


In  many  and  especially  in  large  recently  formed  capillaries,  whether  pro- 
duced under  normal  or  under  pathological  conditions,  as,  for  example,  in  the 
membraue  capsulo-pupillaris,  the  wall  may  be  almost  immediately  broken 
up  into  finely  granular  fusiform  protoplasmic  masses. 

A  similar  cellular  structure  may  be  rendered  apparent  in  the  capillaries 
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of  adult  animals  by  various  modes  of  preparation.  Thus  Klebs*  observed 
that  in  the  urinary  bladder  of  the  Frog,  after  treatment  with  phosphate  of  soda, 
the  nuclei  of  the  capillaries  were  invested  by  a  cloudy  layer  of  protoplasm, 
which  formed  elongated  fusiform  bodies  partly  lying  on  the  surface  and 
partly  imbedded  in  the  substance  of  the  membrane.  Nearly  coincidently  in 
point  of  time,  and  apparently  independently  of  each  other,  Hoyer,f  Auer- 
bachjj  myself,§  and  Aeby,|  and  more  recently  Chrzonszczewsky,*!^  have  by 
means  of  nitrate  of  silver  shown  that  the  wall  of  the  capillaries  is  divisible 
into  nucleated  areas.  The  action  of  the  nitrate  of  silver  is  to  color  the  sub- 
stance intervening  between  the  cells  of  a  brown  or  black  tint,  by  whidi 
means  the  individual  cells  are  brought  into  strong  relief,  and  may  be  then 
isolated  by  treatment  with  a  solution  of  potash  containing  35  per  cent,  of 
the  alkali  (Aeby,  Eberth). 

A  cellular  structure  was  subsequently  shown  to  exist  in  the  wall  of  the 
capilllaries  in  almost  all  the  organs  of  vertebrate  as  well  as  of  many  inver- 
tebrate animals,  both  by  myself**  and  by  Legros.ff 

The  plexus  demonstrated  by  FedemJJ  in  n,nd  upon  the  capillary  walls, 
after  treatment  with  niti-ate  of  silver,  is  entirely  different  from  the  forego- 
ing, from  which  it  is  distinguished  by  the  irregularity  of  its  meshes.  Its 
nature  has  not  been  satisfactorily  ascei*tained.  The  form  of  the  cells  lining 
the  capillaiies  varies  to  a  considerable  extent.  As  a  general  rule  it  is  dif- 
ferent in  vessels  of  different  calibre.  Small  capillaries  present  cells  that 
ai*e  more  fusiform  in  shape ;  large  capillaries,  cells  tliat  are  more  polygonal. 
After  treatment  with  nitrate  of  silver,  the  cells  appear  bounded  by  sinuous 
outlines  that  ai*e  often  crenulated  and  lobed ;  as,  for  example,  in  the  pulmo- 
nary capillaries  of  the  frog  and  of  mammals,  in  the  capillary  veins  of  the 
choroid  of  the  rabbit,  and  in  the  capillaries  of  cephalopoda.  The  dark  con- 
tour lines  often  exliibit  larger  or  smaller  knot-like  swellings.  Many  of 
these  are  composed  of  less  deeply  tinted  substance,  surrounded  by  the  in- 
tensely brown  cementing  material,  and  perhaps  consist  of  some  modification 
of  the  latter,  which  is  feebly  acted  on  by  nitrate  of  silver. 

The  slighter  staining  may,  however,  also  depend  on  diminished  thickness 
of  the  cement,  whilst  the  deeper  tints  of  other  parts  may  proceed  from  the 
presence  of  particles  of  albumen,  belonging  to  the  original  contents  of  the 
vessel,  being  retained  in  small  indentations  of  the  cell  membrane,  and  be- 
coming of  a  deep  brown  color  by  the  action  of  the  silver. 

That  the  dark  lines  winding  around  the  nuclei  in  the  silvered  wall  of  the 
vessel  are  not  due  merely  to  albuminous  precipitates  occurring  in  the  small 
furrows  surrounding  the  several   cells,  as  Auerbach§§  appears  willing  to 


*  Virchow'fl  Arehiv,  Band  xxxii.,  p.  172,  1865. 

j  ArcMvfur  Anatamie,  dated  Jan.  18,  1865. 

I  Breslauer,  Zdtung^  Feb.  17,  1865. 

§  Sitzungsberic/iU  der  Phy Hiked.  Medidn.  GeseUachaft  zu  Wurzlmrg,  Feb.  18,  1865 ; 
MediciiUscJies  CentraXblUitt,  No.  13,  1865 ;  Uher  den  Bau  und  die  KnUciekdung  der 
BlutcapiUaren^  Erste  Ab/iandlung,  ^^  On  the  Stmctare  and  Development  of  the  Blood 
Gapilliuies,  First  treatise ; "  Wurzburger  NaiurmaaenschaftUehe  ZeiUehrift.,  Band  vi., 
1866. 

XMedidniacfieit  Centrdlblatt^  No.  14, 1865. 

1  Virchow's  Are/iiv,  Band  xxxv. ,  1866. 

**  Loc.  cit.^  Veber  die  CapiUaren  der  Wirbdlosen,  *^  On  the  Capillaries  of  Inverte- 
brate Animabs." 

ff  liegroB,  Note  sur  VEpithdium  desVaiMe/iux  Sangvins^  *^  Note  on  the  Epitheliam 
of  the  Bloodvessels,"  Journal  de  VAnatamie  et  de  la  Physiologie.  Cinqvieme  Aiince. 
1868,  p.  275.. 

tt  Sitzungeberichte  der  Wiener  Ahademie^  Band  liii.,  1866, 

§§  Virchow'e  Arefiiv,  Band  xxxiii,  1865,  p.  380. 
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ftdmit,  seems  to  he  sufficiently  refuted  by  the  reactions  of  the  cement  in 
other  membranes  composed  of  cells,  to  which  no  application  of  nitrate  of 
siker  has  been  made.  Besides  the  above-described  dark  intervening  por- 
tions, clear  areas  of  various  size  are  also  observable,  interposed  between  the 
plexuses  of  lines.  The  margins  of  these  are,  for  the  most  part,  simi- 
larly dentated  to  those  of  the  adjoining  cells,  but  they  are  always  of  smaller 
size,  and  destitute  of  nuclei 

These  appearances  are  not  so  frequently  met  with  in  the  capillaiies  of 
mammals,  but  are  common  in  the  large  arteries  and  veins,  and  also  in  the 
vessels  of  lower  animals ;  as,  for  example,  in  the  Cephalopods.  Many  of 
these  non-nucleated  areas  (intercalated  areas,  as  Auerbach  calls  them) 
may  fairly  be  regarded  as  portions  of  the  vascular  cells  which  have  been 
pinched  off. 

Small,  irregularly  shaped,  dark,  sharply  defined  spaces  may,  after  treat- 
ment with  nitrate  of  silver,  be  met  with  within  as  well  as  between  the  cells. 

The  number  of  the  dark  and  clear  intennediate  areas  varies  much  in  differ- 
ent individuals^  and  more  in  the  arteries  and  veins  than  in  the  capillaries. 

Fig.  71. 


Tig.  71.     Capillaries  of  the  longs  of  the  Frog,  with  irregularly  dentated  cells, 
a,  vascular  mesheH. 

It  has  not  been  clearly  proved  that  they  are  actually  spaces  in  the  wall 
(•Stomata  of  Cohnheim).  To  enable  us  to  understand  the  passage  of  blood 
COTpuscles  through  the  vascular  walls,  it  is  not  requisite  that  coarse  spaces 
or  openings  should  exist,  provided  we  may  regard  the  vessel  as  composed, 
not  of  a  stiff,  but  of  a  soft  material,  forming  an  elastic  and  permeable  mem- 
hnme.  If  the  openings  were  really  coarse,  coloring  particles  of  large  size 
vould  pass  through  the  vascular  wall  in  various  regions.  But  this  never 
occurs.  We  do  indeed  see  that  fine  coloring  paiiiicles  *  escape  through  the 
vascular  wall,  but  this  does  not  occur  easily  with  those  possessing  the 
diameter  of  the  colorless  blood  corpuscles.  These,  on  the  other  hand,  by 
reason  of  their  softness  and  elasticity,  accommodate  themselves  to  the  fine  in- 


W.  Beitz,  SUsfungsberiehte  der  Wiener  Akademie^  Band  IviL,  1868. 
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visible  pores  of  the  vascular  membrane,  and  having  traversed  these,  regain 
their  original  form. 

Their  escape  must  not,  however,  be  regarded  as  a  simplj  passive  process, 
like  the  filtration  of  a  colloid  substance,  to  which  it  was  lUcened  in  the  first 
instance  by  Hering ;  *  for  it  can  be  infiuenced  in  the  most  various  modes  hj 
the  contractility  of  the  cells.  Everything,  in  feet,  which  favors  or  checks 
their  active  motility  influences  their  extravasation  (Hering). 

The  finer  capillaries  consist  only  of  a  tube  composed  of  cells  or  of  a  cylin- 
drical layer  of  protoplasm.      As  the  capillaries  become  larger,  a  delicate 

Pig.  73. 


Fig.  72.  Capillaries  from  the  hyaloid  membrane  of  the  Frog,  a,  capillary  wall ;  b^ 
imcleiiB  of  the  same ;  e^  cells  of  the  ttmica  adventitia ;  d,  processeB  of  these  oells 
clasping  the  oapillaiy  wall ;  e,  stellate  cells  anastomosing  with  the  oells  of  the  tunica 
adventitia. 

tunica  adventitia  is  superadded,  which,  in  the  hyaloid  membrane  of  the  frog 
(a  membrane  well  adapted  for  this  investigation),  is  formed,  according  to 
the  researches  of  Iwanoff  f  and  myself,  of  a  delicate  network  of  fine  fibrils, 
composed  of  the  processes  of  stellate  cells  lying  directly  upon  the  vascular 
wall.  Each  of  these  cells  consists  of  a  large  elongated  nucleus,  invested  by 
an  extremely  delicate  layer  of  protoplasm. 


♦   Wiener  Sitningsbenchte^  Band  Ivii.,  1868L 
f  Medmnisches  CerUralbkUt,  No.  9, 1868. 
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Chbohsczczewskt  *  obfiexved,  in  capillaries  which  had  been  treated  with  nitiate 
of  sQ-m,  the  cells  detached  from  their  connections,  and  at  the  same  time  the  ez- 
teniol  wall  of  the  capillary  prolonged  over  the  hiatus.  However  little  evidence  there 
may  be  against  the  presence  of  a  tunica  adventitia  in  the  capillaries  of  other  org^ans, 
I  most  still  remark  that  such  observations  as' the  above,  for  reasons  that  I  camiot 
hece  diacnaa,  aze  not  alwaye  conclnaiye. 


Fig.  73. 


^.  73.  A  rather  large  eapillaiy  from  the  hyaloid  of  the  Frog,  presenting  a  mem- 
bianons  and  nucleated  tunica  adventitia. 

Between  the  capillariefl  of  the  hyaloid  of  the  Frog  isolated  stellate  cells 
Gcxmr,  with  rouud  nuclei  and  delicate  protoplasm,  branching  off  into  many 
pfooeases  which  often  anastomose  with  the  processes  of  the  cells  of  the  tunica 
MirentitiA.  Towards  the  small  arteries  and  veins  the  pericapillary  plexus 
Womes  constantly  closer,  and  soon  in  its  stead  there  appears  a  delicate 
^nnsvenely  folded  and  nucleated  membrane,  which  is  sometimes  elevated 
^  the  form  of  small  vesicles. 

The  general  structure  of  these  parts  renders  it  scarcely  probable  that,  as 
Ivsooff  admits,  the  capillary  sheath  constitutes  a  lymph  space.f  Numerous 
^xum*uitions  of  the  tunica  adventitia  of  the  larger  hyaloid  vessels,  treated 

•  Viidiow»8  Artihiv,  Band  xv.,  p..l72, 1866. 

t  la  ay  fint  tMatisa  I  deMiibed  the  capillaries  of  the  peotenin  the  eye  of  the  bixd 
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with  nitrate  of  silver,  and  undertaken  with  the  view  of  detecting  the  indi- 
cations of  cells  in  it,  have  led,  in  all  instances,  only  to  negative  results. 

A  similar  nucleated  membrane  forms  the  outermost  covering  of  the  larger- 
sized  capillaries,  and  of  the  arteries  and  veins  of  the  brain,  spinal  cord,  and 
retina  of  man.  The  action  of  nitrate  of  silver  frequently  brings  into  view 
iiTegular  flat  cells  in  their  substance,  which  are  often  fused  into  one  another. 
By  careful  treatment  they  may  be  obtained  in  the  isolated  condition.  This 
layer  may  be  distinguished  as  the  external  vascular  eintlielium,  or  still  better, 
as  the  vascular  perithelium. 

The  number  of  cells  seen  on  a  transverse  section  of  a  capillary  tube  is, 
with  few  exceptions,  dependent  less  on  their  size  than  on  their  form,  because 
the  size  of  the  cells  in  the  capillaries  corresponds  with  the  calibre  of  the 
vessels.  In  the  simplest  examples,  a  fusiform  spiral  cell  presents  itself,  the 
lateral  surfaces  of  which  are  in  contact,  whilst  the  extremities  occupy  the 
spaces  between  the  ends  of  adjoining  cells.  The  capillaries  in  the  pecten  of 
the  bird,  even  when  extremely  delicate,  possess  small  polygonal  cells,  the 
breadth  and  length  of  which  are  nearly  equal.  It  is  only  occasionally,  and 
in  the  larger  vessels  especially,  that  the  cells  are  distinctly  fusiform. 

As  concerns  the  substance  of  which  the  cells  are  composed,  it  is  always 
more  abundantly  and  distinctly  graniilar  towards  tlie  centre  and  around  the 
nucleus,  whilst  near  the  margin  it  is  quite  clear,  and  thins  off  to  a  delicate 
border.  The  capillary  cells  of  the  pecten  of  the  bird,  on  the  other  hand,  are, 
even  in  profile,  only  indistinctly  fusiform,  are  of  nearly  equal  thickness  at  the 
centre  and  at  the  margins,  and  consist  of  finely  granular  protoplasDi,  with  a 
simple  or  divided  nucleus,  the  contents  of  which  frequently  separate  from 
the  investing  membrane  of  the  nucleus,  in  the  form  of  a  roundish  spherule, 
resembling  a  large  nucleolus. 

Only  a  few  vascular  regions  form  an  exception  to  these  statements ;  name- 
ly, the  capillaries  of  the  liver  of  Mammals  and  Amphibia,  the  chorio-capil- 
laries  of  the  former  class,  the  hyaloid  of  frogs,  and  the  young  capillaiies  of 
the  tadpole,  and  of  pathological  products  of  recent  formation. 

After  repeated  observations,  I  have  only  been  able  to  discover  the  pres- 
ence of  cells  in  the  capillaries  in  these  instances,  in  a  few  isolated  points  ; 
but  in  their  stead  T  found  fusiform  or  branched  nucleated  areas  on  the  walls, 
bounded  by  finely  punctated  or  interrupted  lines.  In  the  choi-io-capillaris 
and  the  hyaloid  membrane  of  the  frog  I  found  fusiform  or  polygonal  cells 
in  some  only  of  the  coarser  capillaries,  whilst  in  othei"s  no  ti-ace  of  them 
was  discernible. 

As  regards  the  significance  of  these  facts,  three  possibilities  exist :  either 
tlie  capillary  wall  does  not  consist  of  cells  at  all,  or,  if  this  be  the  case,  they 
have  disappeared  in  consequence  of  fusion  with  one  another,  or  the  i-apiJla- 
ry  wall  has  become  only  imperfectly  differentiated  into  cells. 

Now  if,  after  repeated  examination,  a  cellular  stnicture  is  only  demon- 
strable in  the  stronger  and  older  capillaries,  and  but  rarely  in  the  younger, 
the  conclusion  is  admissible,  that  all  capillaries  are  not  constructed  alike,  and 
that  they  are  not  altogether  intercellular  tubes.  Supposing  that  a  nucleated 
or  a  non-nucleated,  and  in  the  first  instance  solid  process  elevates  itself  from 
a  capillary  wall,  gi*adually  becomes  elongated  and  hollow,  its  cavity  commu- 


as  posaessing  a  delicate  double-contoured  tunica  adventitia  resembling  the  structure- 
less  membrane  of  certain  gland  tubes.  More  recently  I  have  satisfied  myself,  from 
transverse  sections  of  the  pecten,  that  the  apparent  tunica  adventitia  is  only  the  hyaloid 
membrane  which  invests  the  whole  of  the  pecten,  and  from  its  exactly  following  the 
course  of  the  vessels,  gives,  when  seen  on  the  flat,  the  illusory  appearance  of  a  com- 
plete tunica  adventitia. 
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nicating  with  the  lumen  of  the  capillary — this  may,  in  favorable  cases,  be 
regarded  as  a  funnel-shaped  outgrowth  from  a  cell,  but  it  is  not  an  inter- 
cellular passage.  In  many  instances,  as  in  tadpoles,  such  outgi-owths 
from  capillaries  are  discoverable,  which  present  no  trace  of  cellular  struc- 
ture when  treated  with  nitrate  of  silver,  although  in  older  vessels  they  can 
be  readily  brought  into  view.  Must  we  not  consequently  conclude  that  the 
opillary  wall  thus  beset  with  processes  is  similarly  composed  to  the  funnel- 
like projections,  and  that,  as  Strieker  says,  they  are  composed  of  proto- 
plaaiD,  which  has  assumed  a  tubular  form  ? 

The  capillary  wall  is  contractile  both  in  young  and  in  adult  animals. 
Strieker*  saw  the  capillaries  not  only  of  tadpoles,  but  of  the  nictitating 
membrane  of  frogs,  contract  to  such  an  extent,  that  not  even  a  single  file  of 
Uood  corpuscles  could  traverse  them.  Lastly,  he  observed  small  looi)-like 
projections  raise  themselves  from  the  wall  of  the  capillaries  of  the  nictitating 
membrane,  and  again  become  reti*acted.  It  is  not  improbable  that  it  is  by 
means  of  such  contractions  the  corpuscles  ai*e  pressed  into  the  capillary  wall, 
and  ultimately  made  to  traverse  them. 

Cavernous  Vessels,  Lacunar  Blood  Paths,  Vascular  Plexuses. 

Cavernous  vessels  result  from  the  unravelling  of  the  vascular  wall,  which 
becomes  converted  into  a  spongy  tissue  ;  or  from  its  becoming  fibrous  and 
membranous  towards  the  lumen  of  the  vessel,  giving  off  processes  that  inter- 
eommunicate  with  each  other,  and  which  either  form  a  spongy  layer  on  the 
inner  surface  of  the  vascular  wall,  or  a  plexus  traversing  its  entire  calibre. 
A  similar  result  is  obtained  from  the  occurrence  of  quickly  consecutive 
anastomoses  of  vessels  of  various  size.  The  primary  vascular  wall  becomes 
teased  out  into  thin  trabecule  and  plates,  varying  in  thickness,  which  are 
sometimes  formed  of  simple  cellular  threads,  and  sometimes  of  all  the  tissues 
entering  into  its  composition. 

Structures  of  this  kind  are  i*arely  met  with  in  the  arteries.  The  so-called 
carotid  gland  of  the  frog  is,  however,  an  example  of  it.  In  this  instance, 
the  strong  muscular  wall  of  the  carotid  artery  forms  internally  a  network 
of  tnbecuLe,  enclosing  spaces  of  variable  size,  which  communicate  freely 
with  one  another  and  with  the  lumen  of  the  vessel.  These  trabeculss  are 
simple  outgrowths  of  the  vascular  wall,  containing  muscle  cells,  which 
chiefly  run  in  the  oblique  and  longitudinal  dii-ection.  I  cannot  corroborate 
the  statement  of  Leydig,  that  these  are  transversely  striated,  but  they  are 
certainly  much  stronger  than  other  muscles  entering  into  the  foimation  of 
▼eflsek. 

A  similar  structure  has  been  found  by  Retzius  to  occur  in  the  pulmonary 
arteries  and  aorta  of  the  turtle. 

The  structure  of  cavernous  veins  consists,  in  some  instances,  of  simple 
trabecaUs  of  connective  tissue,  as  in  the  cavernous  sinus,  whilst  in  others  it 
contains,  in  addition  to  the  connective  tissue,  bloodvessels  and  muscular 
bvmdles  running  longitudinally,  and  anastomosing  with  one  another,  as  in 
the  corpora  cavernosa  of  the  generative  organs.  The  endothelium  of  the 
TesKk  forms  the  innermost  layer  of  these  blood  cavities. 

The  cavernous  capillaries  repeat,  on  a  small  scale,  the  relations  of  the 
cavernous  veins.  In  the  pulmonary  organs  of  the  snail  the  blood  cavities 
are  traversed  by  delicate  nucleated  trabeculse,  composed  of  fine  homogeneous 


^  Wiener  aUaung$beriehU,  Bande  li  and  lii. 
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connective  tissue.  -  There  is  here  as  complete  an  absence  of  a  cellular  invest- 
ment as  in  the  gi'eat  vessels  of  the  lungs  and  heart.* 

In  the  branchisa  of  Crustacea  the  framework  of  the  blood  spaces  is,  on 
the  contrary,  composed  of  cells,  the  external  expanded  extremities  of  which 
rest  immediately  against  the  cuticle  forming  the  so-called  chitinogen  layer, 
whilst  the  pyriform  or  clavate  bodies  of  the  cells  which  conceal  the  nucleus 
nre  applied  to  the  axes  of  the  gill  laminae,  and  adhei*e  to  the  wall  of  the  larger 
branchial  vessels.  Between  the  cells  are  roundish  spaces  intercommunicating 
with  one  another,  through  which  the  blood  courses.  There  is  no  special 
membrane  lining  or  limiting  these  blood  passages,  f 

Fig.  74. 


Fig.  74.  Gill  lamina  of  the  River  Crab,  a,  cuticula ;  ft,  davate  cells ;  e,  lacunar 
passages  for  the  blood  in  the  interspaces  of  the  cells.     SoifiMse  view. 

Cavities  similar  to  these,  through  which  the  blood  courses,  are  also  found, 
according  to  Wilhelm  Mdllcr,  in  the  spleen  of  mammals. 

In  the  process  of  reparation  of  a  woimd  there  also  originate  Gner  or 
coarser  intercellular  blood  paths,  destitute  of  definite  walls,  which  occupy 
the  interspaces  of  the  granulation  cells.  Originally  they  form  an  interme- 
diary plexus  of  plasmatic  canals  which  ai*e  supplied  by  the  arteries, — the 

*  Semper,  Zeitaehrift  fur  wissensduif^iche  Zooiogie,  1856.    Eberth,  BhUgefd»e  der 
Wirbellaaen,  "  Bloodvessels  of  Invertebrates." 
f  Hockel,  Mttller's  Archiv,  1857.     Leydig,  Lehrbueh,  1857,  p.  885.     Eberth,  loc.  eU. 
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blood  issuing  through  spaces  in  the  unravelled  vascular  wall,  and  being  simi- 
krlj  discharged  into  the  veins.  A  portion  of  these  plasmatic  canals  subse- 
quently expand  into  tnie  bloodvessels,  the  walls  of  which  are  formed  by  the 
^sion  of  the  cells  lining  the  blood  canals ;  the  greater  number,  however,. 
disappear  altogether.* 

Certain  vascular  plexuses  are  closely  allied  to  the  cavernous  tissues,  and,, 
indeed,  not  unfrequently,  as  in  the  case  of  the  papillae  of  the  comb  of  the 
oock,  develop  into  actual  cavernous  spaces.  Amongst  these  vascular  plex- 
uses  there  is  one  which  lies  in  front  of  the  coccyx  in  man,  and  deserves  spe- 
cial notice,  from  the  peculiarities  of  structure  it  presents,  and  to  which  it 
owes  the  names  it  has  received  from  its  discoverer,  Luschka,f  of  coccygeal 
gland,  and  nervous  gland« 

This  plexus  forms  a  round  or  slightly  oval,  pale  red,  compact  body,  of  at 
most  2*5  millimetres  in  diameter,  the  surface  of  which  is  either  smooth  or 
slightly  tuberculated.  Sometimes,  instead  of  this  single  body,  there  may  be- 
found  from  three  to  six  poppy  or  millet-seed  sized  masses,  connected  together 
bj  loose  connective  tissue,  and  seated  on  fine  branches  of  the  middle  sacral 
artery.  According  to  their  discoverer,  these  bodies  consist  of  fibrillar  con- 
nective tissue,  with  numerous  oblong  nuclei,  containing  closed  roundishi 
vesicles,  and  simple  or  branched  slightly  varicose  tubes,  which  are  composed^ 
of  a  delicate  structureless  basement  membrane,  lined  by  an  epithelium-like- 
layer  of  round  or  slightly  polygonal  cells,  replaced  in  recently  bom  animals* 
by  true  ciliated  epithelium.  The  rich  supply  of  nerves  to  these  supposed 
glands,  and  especially  of  sympathetic  fibres,  and  their  position  near  the 
lower  extremity  of  the  great  sympathetic,  appears  to  justify  the  view  that 
whilst  the  hypophysis  is  the  cerebral  pole  of  the  sympathetic,  this  gland, 
constitutes  the  anal  pole,  and  is  to  be  regarded  as  a  nervous  gland. 

Luschka's  statements,  so  far  as  regards  the  presence  of  gland  vesicles  andi 
tubes,  have  i-ecently  been  corroborated  by  Krause.|  Amold,§  however,. 
calls  the  glandular  structure  of  this  organ  in  question,  pointing  out  that  the 
glandular  bodies  of  the  middle  sacral  arteries  are  capable  of  being  injected, 
and  that  they  only  represent  ampullar  and  fusiform  dilatations  of  the  lateral 
and  terminal  branches  of  that  artery  ;  in  other  words,  a  true  plexus  arte- 
riosi  ooccygei. 

These  vascular  sacculi,  which  may  already  l>e  found  as  small,  partial,  but 
true  aneurisms  in  the  course  of  the  middle  sacral  artery,  and  in  larger -num- 
ber enter  into  the  composition  of  the  coccygeal  gland,  consist,  according  to 
Arnold,  of  an  investment  of  connective  tissue,  which  covers  a  layer  of  con- 
centrically arranged  and  obliquely  coursing  muscular  fibres,  within  which 
again  is  a  delicate  structureless  coat,  resembling  the  ela^^tic  fenestrated  mem- 
b^rane.  The  innermost  layer,  the  epithelial-like  coat  of  the  gland  vesicles 
and  tubes  of  Luschka,  is  composed  of  fusiform  and  polygonal  cells,  which 
frequently  overlap  each  other  at  their  edges.     The  connective  intervening 

^  Thiench,  Artikd  WundheUung,  "  Repazatioa  of  Wounds,"  in  Pitha's  and  Bill- 
roth^B  HafMueh  der  Ckirurgie^  pp.  558  and  555. 

t  Sieimbemdrute  oder  Neroendruse  des  Beekem,  *^  Coccygeal  Gland  or  Neryous  Gland 
of  the  Pelvia,"  Arehiv  fur  PatAologuche  Anatamie  mid  Phydoiogie^  Band  xviii.,  p. 
106. 1880.  Der  Hirnanhang  und  tUe  Stmsadruse  des  Menschen,  ^^  The  Pltuitaiy  Body 
and  Coocygeal  Gland  of  Man."  Beriin,  1860.  Anatomie  des  M&MchUehem  Beckeiis, 
^'  Anatomy  of  the  Human  Pelvis."    TtLbingen,  1864,  p.  187. 

X  ZdUckriftfuT  rationdie  Median,  Baud  x.,  3  R.,  p.  2U3.  AnaUmusche  Untermch- 
ungen.    HamiOTer,  1860,  p.  98. 

^ArM9  fur  Paihologi»che  AnatomU^  xxxiL,  p.  293,  1865  ^  xxsbv.,  p.  454, 1866;; 
'  L,  p.  290,  1867. 
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substance  of  this  is  lich  in  muscles,  which  run  in  the  most  diverse  direc- 
tions, and  form  a  continuous  layer  on  the  surface. 

At  a  later  period  Arnold  discovered  the  existence  of  similai*  structures, 
consisting  partly  of  vascular  sacs,  and  partly  of  retia  mirabilia,  in  the  course 
of  the  middle  sacral  artery  in  the  dog,  cat,  otter,  squirrel,  rabbit,  rat,  horse, 
ox,  and  pig. 

Krause  and  Meyer*  have  therefore  corroborated  the  piincipal statements 
of  Arnold,  but,  at  the  same  time,  have  established  the  occurrence  of  a  lam- 
inated epithelium  lining  the  interior  of  the  vascular  sacs,  and  have  pointed 
out  the  analogy  of  these  with  the  carotid  glands  of  the  frog,  and  termed  them 
caudal  hearts. 

Fig.  75 


Tig.  75.     Seciion  of  a  natural^  injected  coccygeal  gland,     a,  venels ;  6,  cc! lection 

of  cells. 

The  subject  has  agaia  been  taken  up  very  recently  by  Seitoli,  f  anji  the 
results  of  his  inquiries  are  not  in  accordance  with  those  of  tl.e  previous  ob- 

♦  ZeiUchrift  fur  ratiofheUe  Medidn,  xxviii. 

t  Arehivjur  PathohgMie  Anatomie^  Band  xliii.,  p.  3S0. 
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servers.  He  finds  that  the  sti-oma'of  the  so-called  coccygeal  glands  is  formed 
of  a  tough,  fibrous,  richly  nucleated  connective  tissue,  traversed  by  bundles 
of  smooth  muscles,  and  containing  rounded  and  elongated  tubes,  the  walls  of 
which  are  principally  composed  of  fibres  of  connective  tissue,  running  in  a 
longitudinal  direction,  with,  at  most,  a  few  isolated  muscle  cells  distributed 
amongsrt  them.  These  tubes  become  filled  with  polygonal  cells,  which,  in 
concentric  series  of  several  layers,  surround  one  or  more  centrally  situated 
capillaries,  or,  less  frequently,  fine  arteries  or  veins.  These  vessels  are  for 
the  most  part  of  normal  calibre,  and  are  rarely  dilated  ;  but  when  they  are 
so,  it  is  probably  the  result  of  manipulation. 
My  own  view  is  that  the  coccygeal  gland  is  a  plexus  of  vessels  which  are 

Fig.  76. 


Fig.  76,  A.  Cellular  vascular  sheath,  from  the  coccygeal  plexus.  «,  connective  tis- 
me  with  scattered  cells  and  nuclei ;  b,  round  and  polygonal  cells  lying  immediately 
upon  the  capillary  wall  c. 

B.  A  capillary  from  the  coccygeal  plexus,  with  a  vascular  sheath  very  rich  in  cells. 
References  as  in  A. 


sometimes  of  equal  width,  and  sometimes  slightly  dilated,  or  varicose,  with 
lateral  dilatations,  which  lie  in  a  stroma  of  connective  tissue,  the  numerous 
ronnd,  oval,  and  fusiform  cells  of  which  are  certainly  only  in  very  small  pro- 
portion muscular.  The  greater  number  of  these  vascular  sacs  are  found  in 
the  capillaries  and  veins,  and  seldom  in  the  arteries.  Their  number  and 
size  Is  often  so  considerable  that  true  cavernous  spaces  are  fonned,  and  the 
inttrvening  .substance  is  reduced  to  a  thin  framework. 

Around  these  vessels,  and  immediately  external  to  their  delicate  cellular 
internal  membrane,  which  is  identical  with  that  of  the  ordinary  capillaries, 
lie  rounded  and  elongated  heaps  of  slightly  polygonal  cells,  which  ai*e  never 
invested  by  a  definite  sti-uctureless  membrane,  but  have  only  a  layer  of  con- 
nective tissue  with  longitudinal  fibres  on  their  outer  surface.  Many  capil- 
iwies  are  invested,  and  frequently  for  considerable  tracts,  with  a  sing'e  layer 
of  these  cells,  which  are  covered  by  a  fibrous  tunica  adventitia  containing 
numerous  nuclei 

Hmall  groups  of  similar  cells  lie  also  more  remote  from  the  vessels  in  the 
inatrix  or  intervening  substance.  The  larger  cell  masses  must  therefore  be 
regarded  as  richer  collections  of  these  scattered  through  cellular  vascular 
sbeaths. 
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The  size  of  these  cell  masses  diminishes  in  proportion  to  the  development 
of  the  vascular  saccnli. 

On  one  occasion  I  found  in  the  cell  masses  laminated  structures  similar 
to  those  found  in  the  granules  of  the  thymus. 

The  intervascular  tissue  of  the  coccygeal  gland  is  very  rich  in  nerves.  As 
regards  the  ganglion  cells,  which  Luschka  stated  he  had  observed,  neither 
Arnold,  Krause,  nor  myself  have  been  able  to  satisfy  ourselves  of  their 
presence.  Nor  have  I  been  more  foiiiimate  in  obtaining  a  view  of  the  club- 
shaped  terminations  of  the  nerves  resembUng  Pacini^s  corpuscles,  or  termi- 
nal bulbs,  described  by  Luschka.  They  are  said  to  be  0*8  millimetres  broad, 
and  to  possess  a  thick  membranous  and  fibrous  investing  sheath  containing 
numerous  longitudinal  nuclei. 

Inasmuch  as  a  glandular  structure  is  nob  demonstrable  in  the  so-called 
coccygeal  gland,  which  rather  appears  to  consist  of  a  rich  plexus  of  for  the 
most  part  capillary  vessels,  invested  by  a  cellular  sheath,  some  of  which  are 
normal,  whilst  others  are  dilated  in  a  fusiform  or  sacciform  manner,  it  is  clear 
that  for  the  future  it  should  be  named  the  plexus  vasculosus  coccygeus,  and 
that  it  should  be  classed  with  the  carotidean  vascular  plexus  of  the  so-called 
carotid  gland,  at  the  upper  extremity  of  the  common  carotid  of  man  and 
mammals. 


Digitized  by 


Google 


CHAPTER  IX. 

THE  LYMPHATIC   SYSTEM. 

By  professor  P.  y.  RECBXINGHAUSEN. 

Ik  consequence  of  the  pressure  under  whicli  the  blood  courses  through 
the  Tcssels  of  the  seYeral  organs  of  the  body,  the  tissues  are  constantly  per- 
meated with  serous  fluid,  which  partly  furnishes  the  materials  requisite  for 
their  nutrition,  and  is  in  paii;  also  subservient  to  the  preparation  of  the  se- 
oretions.  This  serous  or  tissue  fluid  requires  constant  renewal,  a  rapid  ex- 
chiinge  of  material,  without  which  it  quickly  alters  the  composition  of  the 
Tarious  tissue  elements  around  which  it  plays.  The  passage  of  fresh  fluid 
from  the  blood  into  the  tissues  would,  however,  cease  as  soon  as  the  pressure 
of  the  latter  approximated  that  under  which  the  blood  moves  in  the  vessels, 
were  not  a  constant  escape  of  the  fluid  provided  for  by  means  of  a  canal 
system,  which  is  so  far  separate  from  the  bloodvessels  supplying  the  tissues, 
that  the  pressure  of  the  blood  is  not  transmitted  directly  into  the  canal 
system — that  is  to  say,  not  with  its  full  force.  These  canals,  the  lymph 
vessels,  form  therefore  a  peculiar  system,  the  rootlets  of  which  are  distri- 
buted through  the  tissues,  and  which  only  so  far  stands  in  connection  with 
the  bloodvessels,  that  it,  Ist,  indirectly  withdraws  from  them  the  fluid  they 
contain,  and,  2d,  that  it  ultimately  returns  that  fluid  to  the  bloodvessels 
by  its  terminal  trunks.  The  origin  of  the  lymphatic  system  is  in  relation 
with  the  capillary  vessels  in  which  the  blood  moves  under  a  considerable 
pressure ;  its  termination,  on  the  other  hand,  communicates  with  the  chief 
venous  trunks,  and  consequently  with  those  parts  of  the  vascular  system  in 
which  the  blood  pressure  descends  to  its  minimum  amount,  and  is  in  fact 
almost  reduced  to  zero. 

The  difference  in  the  amount  of  these  two  pressures  constitutes  an  essen- 
tial fi9Lctor  in  the  production  of  the  movement  of  the  lymph ;  so  that  the 
greater  the  difference,  the  more  rapid  is  the  movement.  ITie  lymphatic 
vascular  system  borrows  its  contents,  as  well  as  the  impulsive  force  under 
which  they  move,  from  the  blood  vascular  system ;  and  in  so  far  it  may  be 
regarded  as  an  appendage  of,  or  as  an  accessory  closed  system  to,  the  blood 
vascular  apparatus. 

The  dependency  of  the  lymphatic  system  on  the  bloodvessels  is  indicated 
by  the  circumstance  that,  as  a  general  rule,  the  lymphatic  system  in  any 
oigan  is  so  much  the  more  strongly  developed  in  proportion  as  its  supply  of 
bloodvessels  (mucous  and  serous  membranes,  skin,  glands)  is  more  abundant ; 
but  there  are  also  organs  characterized  by  a  }>eculiar  richness  in  lymphatic 
vessels,  which  are  at  the  same  time  especially  adapted  for  absorption  (gastric 
and  intestinal  mucous  membrane,  central  tendon  of  the  diaphragm). 

llie  entire  lymphatic  system  may  be  divided  into  two  sections ;  the  first 
containing  the  fluid  which,  immediately  after  its  escape  from  the  bloodves- 
sels, circulates  around  the  several  elements  of  the  organs,  the  interstitial 
serous  spaces ;  and,  secondly,  the  system  of  the  efferent  canals,  the  proper 
lymphatic  vessels.  This  second  section  will  be  here  first  described,  because 
its  structure  is  much  more  accurately  known. 
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The  efferent  canals,  or  lymphutic  vesadSy  ordinarily  agree  in  their  form, 
arrangement,  and  in  the  structui^e  of  their  walls  with  the  bloodvessels.  In 
the  greater  number  of  organs  they  form  plexuses,  which  are  so  much  the 
more  close,  the  more  abundantly  the  tissues  are  supplied  with  bloodvessels: 
moreover,  they  only  occur  in  association  with  bloodvessels ;  and  those  tis- 
sues which  are  destitute  of  bloodvessels,  like  the  cornea,  vitreous  humor, 
and  epithelial  tissues,  possess  also  no  proper  lymphatics.  Like  the  blood- 
vessels, they  generally  form  cylindrical  tubes,  and  only  in  certain  regions, 
hereafter  to  be  described,  present  the  characters  of  fissures  or  lacunae,  under 
which  condition,  however,  they  not  unfrequently  form  investing  sheaths  for 
different  organs.  The  lymph  vessels  may  be  distinguished  for  the  purposes 
of  desciiption  into  the  smallest  bi-anches,  the  capillaries  which  are  interca- 
lated between  the  system  of  the  blood  capillaries,  and  the  larger  lymph  ves- 
sels which  issue  from  the  several  organs,  and  ultimately  unite  to  foim  the 
umn  trunks. 

The  larger  lymphatics  of  Mammals  and  Birds  are  always  tubes,  the  walls 
of  which  agree  with  those  of  the  bloodvessels  in  their  structure,  and  hence 
present  a  tunica  intima  very  rich  in  elastic  fibren,  and  lined  by  a  single  layer 
of  tesselated  epithelium :  a  tunica  media,  consisting  exclusively  of  muscular 
elements ;  and  a  tunica  adventitia,  composed  as  usual  of  loose  connective 
tissue.  The  tunica  media  does  not  attain  the  thickness  of  that  in  the  arteries, 
but  its  fibres  pursue  a  similar  transverse  direction.  Upon  the  whole,  the  lym- 
phatics are  not  so  thick- walled  as  the  arteries,  but,  in  the  relation  between  the 
thickness  of  the  wall  and  the  calibre  of  the  vessel,  assimilate  much  more 
closely  to  the  veins.  The  form  of  the  lymphatics  of  Birds  and  Mammals  is 
peculiar,  and  so  far  differs  from  that  of  the  bloodvessels,  that  they  are 
provided  with  very  numerous  valves,  resembling  generally  the  valves  of  tlfe 
veins.  Immediately  above  each  valve  the  vessel  is  s6mewhat  wider  than 
just  below,  and  not  imfi*equently  there  is  a  distinct  saccular  dilatation  at 
this  point.  As  a  consequence  of  this  arrangement,  the  lymphatics  only 
preserve  their  cylindrical  fonn  for  short  distances  in  those  parts  which  are 
destitute  of  valves,  whilst  in  those  parts  where  the  valves  are  numerous 
they  assume  a  varicose  or  moniliform  appearance.  The  valves,  like  those  of 
the  veinjs,  ai^e  simply  duplicatures  of  the  tunica  intima. 

The  structure  and  arrangement  of  the  larger  lymphatics  present  essen- 
tially different  features  in  the  Amphibia.  They  do  not  here  form  even 
approximatively  cylindrical  tubes,  but  lacunce,  which  occupy  the  interspaces 
between  the  several  organs.  If,  in  consequence  of  an  arrest  of  the  flow  of 
the  lymph,  or  by  artificial  injection,  they  become  more  completely  filled  than 
is  natural  to  them,  they  swell  out  in  the  form  of  large  sacs,  which,  however, 
possess  no  constant  or  definite  form,  since  they  oiily  represent  interstitial 
spaces.  As  a  general  rule  they  do  not  possess  an  independent  thick  wall, 
capable  of  being  detached  from  the  surrounding  parts,  but  their  limits  or 
boundaries  are  formed  by  the  fascia?  and  such  condensed  layers  of  connective 
tissue  as  are  found  on  the  surface  of  the  different  organs,  the  surface  which  is 
turned  towards  the  interior  of  the  cavity  being  covered  with  a  single  layer 
of  tesselated  epithelium.  Only  such  septa  as  divide  the  several  lymph 
spaces  from  each  other,  and  are  composed  of  pure  connective  tissue,  can  be 
regarded  as  properly  belonging  to  them.  The  lymph  sacs  in  these  animals 
therefore  resemble  the  peritoneal  and  pleural  sacs,  with  this  difference,  that 
the  lymph  sacs  communicate  with  one  another  by  means  of  microscopic  open- 
ings in  their  septa,  and  consequently  form  a  continuous  system  of  cavities. 
Inasmuch  as  the  Ij  mph  sacs  are  almost  entirely  destitute  of  proper  walls, 
the  muscular  elements,  the  function  of  which  is  to  aid  in  the  propulsion  of 
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the  Ijmpli,  also  fail;  but  in  their  stead  special  contractile  organs,  acting 
riivthmicallj,  appear  in  certain  parts  of  the  lymphatic  system  of  Am])bibia. 
These  constitute  the  lymph  hearts  discovered  by  J.  Mtiller,  and  one  of  them 
lying  posteriorly  near  the  sacrum  propels  the  lymph  into  the  sciatic  vein, 
whilst  the  anterior  pumps  it  into  a  bi*anch  of  the  jugular.  They  are  chietly 
eamposed  of  transversely  striated  short  muscular  laminae. 

These  peculiarities  in  the  structure  and  arrangement  of  the  large  lym- 
phatics of  Amphibia,  in  contrast  with  those  of  other  Yertebrata,  are  of  great 
interest.  They  prove  clearly  that  great  variability  occurs  in  the  lymphatic 
system,  much  greater  even  than  in  the  blood  vascular  system ;  and,  in  truth, 
this  vaidability  occurs  not  only  in  different  classes  of  animals,  but  in  one 
and  the  same  species,  and  not  only  in  the  larger  ti-unks,  but  in  the  smaller 
vessels.  The  number  and  size  of  the  principal  trunks  of  any  organ,  as,  for 
example,  of  one  of  the  extremities  of  man,  presents  as  little  constancy  as  the 
mode  of  their  division.  Even  in  one  and  the  same  organ  the  results  of  in- 
jection are  often  quite  different,  and  it  frequently  happens  that  injections  of 
the  same  organs  in  nearly  allied  animals  present  such  remarkable  differences 
that  only  the  most  general  statements  can  be  made  in  reference  to  the 
smngement  of  the  lymphatics  of  any  pai'ticular  locality.*  It  is  ob^dous, 
therefore,  that  those  typical  modes  of  arrangement  which  occur  in  the 
arterial  and  capillary  blood  vascular  systems  of  the  different  organs  can  only 
be  imperfectly  demonstrated  in  the  lymphatics,  and  that  only  the  general 
relations  existing  between  the  structure  of  any  oi^gan  and  its  lymphatics 
present  characteristic  features.  The  varieties  that  occur  in  the  arrangement 
of  the  lymphatics  exhibit  many  peculiarities  in  certain  regions  of  the  smaller 
lymph  vessels.  Thus  we  see,  in  parts  where  they  are  very  numerous  and 
closely  arranged,  there  are  not  unfrequently  lacunar  spaces  even  in  Mam- 
nulls,  as  if  they  had  coalesced  to  form  a  flat  and  wide  vessel ;  we  meet  also 
with  a  pair  of  lymph  tubes  accompanying  a  bloodvessel,  and  not  unfrequent- 
ly with  r^ular  sheaths,  which  partially  or  entirely  surround  them,  as,  for 
example,  in  the  case  of  the  chyle  vessels  in  the  mesentery  of  the  Mouse 
(Brucke).  In  such  instances  as  these  we  recognize  in  Mammals  arrange- 
ments essentially  similar  to  the  lymph  sacs  of  Amphibia. 

There  is  still  another  circumstance  that  becomes  intelligible  from  this  com- 
parison if  we  remember  that  certain  sections  of  the  lymphatic  system  of  the 
Amphibia  do  not  possess  a  tubular  form,  but  represent  ensheathing  or  lacu- 
nar 8|)accfl.  They  are  thus  analogous,  as  we  have  already  seen,  to  serous 
sacs,  and  it  will  be  understood  how  the  latter  stand  in  immediate  relation 
with  the  lymphatic  system,  are  in  direct  commimication  with  it,  and  possess 
similar  contents  (see  infra). 

This  variability  of  form  recurs  in  the  narrowest  section  of  the  lymphatio 
system,  that  is  to  say,  in  the  lympluitic  capillaries.  For  even  among  Mam- 
mals we  meet  in  certain  organs  with  lacu^se,  representing  the  roots  of  the 
lym]ihatic8 ;  whilst  in  Amphibia  the  great  majority  of  the  lymph  capillaiiea 
are  tubular.  The  lacunse  cori*espond  in  form  with  the  spaces  between  the 
parts  of  the  organs  they  invest,  such  as  the  ducts  of  glands,  etc.  The  capillary 
tabes,  even  in  their  finest  branches,  are  provided  with  varicose  enlargements, 
and  lliese  are  often  situated  at  the  points  of  junction  of  the  vessels,  and  occur 
so  suddenly  that  transverse  processes  project  into  the  lumen  of  the  vessel, 
which  are  again  so  placed  that  they  form  a  kind  of  valve.  Such  dilatations 
ofiten  succeed  one  another  at  very  short  intervals,  especially  in  those  lym- 
phatics which  immediately  follow  the  capillaries,  giving  the  impression  of 

*  See  the  Ulustnitioiis  in  L.  Teichmann's  Saugaderaystem.  Leipzig,  1861. 
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tubes  constructed  of  a  series  of  Floi'ence  flasks,  of  which  each  is  inserted  by 
its  neck  into  the  base  of  the  one  preceding  it  (see  fig.  77).  It  is  easy  to 
recognize,  from  the  position  of  these  processes,  what  direction  the  lymph 
current  puraues  in  any  pai-ticular  vessel,  since  they  are  so  arranged  that, 
like  the  valves  of  the  larger  lymph  vessels,  they  prevent  any  regurgitation 
of  the  fluid. 

The  arrangement  of  the  capillary  lymphatics  in  reference  to  the  blood- 
vessels is  a  subject  of  special  interest.  The  larger  lymphatics  run  sometimes 
in  immediate  proximity  to  the  arteries  and  veins,  and  sometimes  separately, 
or,  at  all  events,  present  no  constant  relation  to  them.  But  for  the  smaller 
and  capillary  lymphatics,  the  general  statement  may  be  made  that  they  hold 
their  course  at  as  great  a  distance  as  possible  from  the  blood  capillaries. 
This  characteristic  feature  may  be  most  easily  recognized  in  membranous 
expansions,  in  which  the  blood  and  lymphatic  capillaries  are  distributed 
upon  one  plane :  in  such  cases  the  points  of  junction  of  the  lymphatic 
plexus  always  occupy  the  middle  points  of  the  meshes  of  the  blood  capillaries^ 
and  the  converse.  It  is  evident  that  this  arrangement  is  most  advantageous 
for  the  purpose  of  drainage.  All  fluid  escaping  from  the  blood  capillaries 
must  traverse  the  tissue  to  reach  the  capillaries ;  and  so  long  as  this  transu- 
dation occurs,  a  continuous  play  of  fluid  around  all  the  tissues  must  take 
place.  If,  on  the  other  hand,  the  lymphatic  eflerent  canals  lay  in  immediate 
contiguity  to  the  blood  capillaries  ;  if  the  whole  were  not,  so  to  s[)eak,  in- 
tercalated between  the  tubes  of  the  lymphatic  system  and  of  the  bloodvessels, 
the  fluids  might  easily  stagnate  in  those  part«  which  were  more  remote  from 
both,  and  a  constant  interchange  of  material  would  cease  to  take  place. 
There  is  yet  another  point  that  is  desei-ving  of  notice.  In  those  membranes 
which  present  a  free  surface  covered  with  an  epithelium,  as  in  the  mucous 
and  serous  membranes  and  the  skin,  the  lymph  capillaries  are  found  con- 
stantly to  occupy  a  deeper  plane  than  the  bloodvessels.  Whilst  the  latter 
ascend  till  they  lie  just  beneath  the  epithelium,  the  lymphatic  capillaries  do 
not  reach  the  uppermost  stratum  of  connective  tissue.  These  relations  are 
most  esfeily  recognized  in  the  membrane  forming  the  web  of  the  foot  in  the 
Frog,  which  is  a  duplication  of  the  external  skm ;  the  lymphatics  here  ex- 
clusively lie  in  the  middle  connective  tissue  layer,  whilst  the  bloodvessels 
course  in  the  thin  cutaneous  laminsB  on  either  side.  A  similar  arrangement 
of  the  two  sets  of  vessels  is  strikingly  shown  in  the  case  of  the  villi  of  the 
small  intestine,  in  which  the  proper  tissue  of  the  villi  forms  a  peripheric 
layer  traversed  by  a  close  net-work  of  capillary  bloodvessels,  whilst  the  chyle 
vessel  lies  quite  in  the  interior,  near  the  axis,  and  is  generally  single  and 
unbranched,  as  in  the  rabbit,  ox,  sheep,  and  man,  though  occasionally  it  has 
been  observed  to  form  a  set  of  anastomosing  capillaries,  as  in  the  dog,  sheep, 
and  ox.  Again,  if  the  results  obtained  from  the  injection  of  the  cutaneous 
lymphatics  by  Teichmann,  in  a  case  of  elephantiasis,*  be  considered  to  re- 
present the  normal  distribution  of  the  lymphatics,  the  capillaries  of  this 
system  lie  exactly  in  the  centre  of  the  papillsB  of  the  cutis,  whilst  the  blood 
capillaries  traverse  their  periphery. 

At  first  sight  it  appears  remarkable  that  the  lymphatics  should  lie  so 
deeply  in  organs  destined  for  absorption,  as,  for  example,  in  the  villi ;  this 
relation,  however,  is  in  itself  a  sufficient  indication  that  the  connective  and 
other  tissues  of  the  villi  play  a  most  important  part  in  the  act  of  intestinal  ab- 
sorption, and  that  here  also  the  central  chyle  vessel  only  acts  as  an  eflerent 
or  drainage  pijje.     The  function  performed  by  the  roots  of  plants  is  probably 


*  UrUermekunffen  uber  das  SaugadenyBtem^  Taf .  6,  fig.  4. 
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similar  to  that  of  the  epithelium  and  the  parenchyma  of  the  villi.  The 
chyle  vessels,  on  the  other  hand,  appear  to  be  analogous  to  the  vessels  and 
fibrovascular  tissue  of  the  plant ;  if  these  were  able  to  absorb,  a  more  su- 
perficial position  would  be  more  appropriate  to  the  discharge  of  their  func- 
tion. 

Having  now  learnt  the  form  and  arrangement  of  the  capillary  lymphatics, 
we  turn  to  the  consideration  of  their  structure,  a  question  which  has  recently 
received  particular  attention,  and  has  met  with  various  answers.     Are  they, 

Fig.  77. 


Fig.  77.  Central  tendon  of  the  diaphragm  of  a  Rabbit,  treated  with  silver,  and  ex- 
amixted  from  the  thoracic  side,  a,  lymphatic  capillaries  with  the  contours  of  the 
epithelial  ceUs;  6,  first  appearance  of  the  cells;  c,  connective  tissue  with  serous 
cuals  ;  (f,  flask-shaped  dilatations.     Magnified  60  diameters. 

like  the  bloodvessels,  provided  with  a  proper  wall,  or  are  they  destitute  of  a 
limiting  membrane,  constituting  only  lacunae,  or  spaces  in  the  tissues 
amongst  which  they  lie  ?  The  decision  of  this  question  is  particularly  in- 
teresting in  the  case  of  the  chyle  vessels  of  the  villi.  The  chyle  formed 
after  the  ingestion  of  food,  containing  abundance  of  fat,  owes  its  white  color 
to  the  presence  of  numerous  extremely  fine  molecules,  which  are  probably 
oil  globules.  Particles  of  a  similar  nature  are  met  with  during  the  process 
of  absorption,  both  in  the  parenchyma  of  the  villi  and  in  the  epithelial  cells. 
In  all  probability,  therefore,  they  press  through  the  epithelial  layer  as  un- 
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dissolved  molecules  into  the  substance  of  the  villi,  and  beyond  this  into  the 
central  lacteal.  It  would  hence  appear  that  the  paths  traversed  by  these 
minute  oil  drops  in  the  periphery  of  the  villi  open  directly  into  the  central 
chyle  vessel ;  and  the  simplest  view  is,  that  no  special  limiting  membrane 
exists  (Briicke).  On  the  other  hand,  microscopic  examination  shows  that 
there  is  really  a  double,  and  not  a  mere  single,  outline  to  be  seen  in  the  cen- 
tral lacteal  and  in  the  finest  capillaries  in  the  tail  of  the  Tadpole,  from 
which  the  conclusion  has  been  drawn  that  a  homogeneous  investing  mem- 
brane is  present  (Kolliker).  It  was  found  also  that  in  injected  pre- 
parations the  injection  tightly  filled  the  capillaries  of  the  chyle  and  lym- 
phatic vessels,  without  the  escape  of  any  of  it  into  the  surrounding  tissues  ; 
and  hence  it  was  considered  that  the  assumption  was  perfectly  justified,  that 
these  vessels  were  as  completely  enclosed  by  an  investing  membrane  as  the 
bloodvessels  themselves  (Teichmann,  Frey).  In  point  of  fact,  the  presence 
of  a  special  membrane  in  the  lacteals  and  lymphatics  may  be  most  easily 
proved  by  the  application  of  the  silver  method  of  staining  the  tissues  adopt- 
ed by  Recklinghausen.  If  a  solution  of  silver  be  injected  into  the  lympha- 
tics as  far  as  the  capillaries,  or  if  the  tissues  be  generally  impi-egnated  with 
a  solution  of  this  salt,  fine  dark  lines  appear  in  the  lymphatic  capillaries 
(fig.  77),  which  are  usually  strongly  looped  or  sinuous,  including  polygonal, 
or  not  unfrequently  rhombic,  areas,  in  all  their  peculiarities  identical  with 
the  silvered  lines  of  the  most  various  epithelial  tissues.  The  networks  of 
silvered  lines  become  visible  as  early  as  in  the  rather  larger  vessels  succeed- 
ing the  capillaries,  where  the  enclosed  areas  are  fusifoi'm,  and  agree  with 
those  brought  into  view  by  the  agency  of  silver  on  the  inner  surface  of  the 
large  lymph  and  blood  vessels.  In  the  case  of  these  last-named  vessels,  it 
may  easily  be  proved  that  the  lines  in  question  depend  on  the  presence  of  a 
single  layer  of  fiat  epithelial  cells  lining  the  tunica  intima ;  but,  inasmuch 
as  the  same  markings  may  be  traced  continuously  into  the  lymphatic  capil- 
laries, it  follows  that  these  also  possess  a  similar  layer  of  tesselated  epithe- 
lium. 

In  fact,  even  in  the  capillary  lymphatics,  subseqeunt  treatment  with  car- 
mine not  unfrequently  brings  into  view  an  oval  nucleus  in  each  area.     More- 
over, if  the  intestinal  villi  be  torn  off*  a  few  hours  after  death,  we  may  some-  . 
times  meet  with  one  from  the  centre  of  which  a  wide  tube  projects,  consist- 
ing of  flattened  epithelial  cells. 

It  is  no  longer,  therefore,  a  matter  of  doubt  that  the  capillary  lymphaticit 
— at  least,  in  those  organs  in  which  they  have  been  investigated  with  special 
i^eference  to  this  point,  as  the  serous  membranes,  the  walls  of  the  intestine, 
the  diaphragm,  both  in  its  muscular  and  tendinous  poi*tion,  and  the  membrana 
nictitans  of  the  Frog^ — are  lined  by  a  single  layer  of  flattened  epithelium^ 
They  also  possess  a  special  membrane,  though  not  completely  homogeneous 
and  structureless,  as  was  formerly  maintained,  nor  entirely  closed,  as  we 
shall  hereafter  have  occasion  to  see. 


I  was  formerly  of  opinion,  after  I  hod  satisfied  myself  of  the  presence  of  an  epithe- 
lium in  the  lymphatic  capillaries,  that  I  had  by  this  means  discovered  an  essential  dis- 
tinction between  them  and  the  blood  capiUaries ;  but,  as  subsequently  it  has  been 
shown  by  experiments  with  silver  that  the  wall  of  the  capillary  bloodvessels,  in  some 
oilcans  at  least,  consists  of  epithelial  cells,  the  distinction  fails. 

The  lymphatic  capillaries  are,  in  fact,  constructed  on  the  same  type  as  the  blood 
capillaries  (see  the  section  on  the  bloodvessels).  The  existence  of  such  an  analogy  has 
been  contested,  because  the  blood  capillaries  can  be  easily  isolated  in  portions  of  con- 
siderable length  in  some  organs,  as  the  brain,  whilst  it  is  very  difficult  to  exhibit  such 
detached  portions  of  the  capUlary  walls  of  the  lymphatics.    Very  recently  Frey  has 
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been  led  to  the  concluaon  *  that,  '^  whilst  in  the  blood  capillaries  the  walls  maintain 
t  perfect  independence  in  regard  to  snrroundlng  tissues,  in  the  lymphatics  they  fuse 
with  them.*'  I  beUeve  that  we  must  beware  of  admitting  that  the  blood  capillaries 
tre  80  completely  isolable  in  all  organs,  or  form  such  independent  tubes,  as  in  the 
brain.  In  many  glands— as  the  liver,  for  example,  not  to  mention  the  spleen— the 
wall  of  the  capillaiy  bloodyessels  is  not  capable  of  being  isolated. 

And  now  arises  the  question,  do  the  lymphatic  capillaries  possess  a  special 
vail  or  not  ?  Admitting  an  answer  in  the  affirmative,  are  the  above- men- 
ti(med  phenomena  taking  place  in  the  resorption  of  chyle  consonant  with  it  ? 
They  would  appear  to  demand  that  the  lumen  of  the  chyle  capillaries  should 
not  be  closed  towards  the  free  surface  of  the  mucous  membrane.  But  these 
appearances  can  be  equally  well  explained,  if  we  suppose  that  the  wall  is  not 
everywhere  formed  of  a  continuous  solid  layer,  or,  in  other  words,  that  it 
possesses  foramina.  Up  to  a  recent  period  it  has  been  generaUy  accepted 
that  epithelial  investments,  except  in  the  case  of  glandular  epithelium,  serve 
as  a  protection  to  the  subjacent  tissues,  and  therefore,  by  the  intimate  union 
of  the  ceils  with  each  other,  form  a  firm,  close  tissue,  permeable  only  for 
fluids.  Since,  however,  the  terminal  apparatus  of  the  sensory  nerves  has 
been  discovered  in  the  epithelial  strata,  and  very  recently  also  cup-shaped 
organs,  both  of  which  seem  to  be  but  ill  adapted  for  protection,  the  epithe^ 
lial  tissues  have  gradually  atti-acted  more  and  more  attention  from  histolo- 
gists,  and  it  is  not  surprising  that  further  inquiries  should  be  undertaken 
with  the  view  of  discovering  other  and  peculiar  arrangements.  It  is  reason- 
able, therefore,  on  a  priori  grounds,  to  concede  that  the  epithelial  coating  of 
chyle  and  lymphatic  capillaries  may  present  special  peculiarities  which  stand 
in  relation  to  the  absorption  of  material  from  the  surrounding  tissues,  and 
may,  at  any  rate,  at  certain  times,  facilitate  their  passage.  In  some  lympha- 
tics, openings  of  appreciable  size  ai'e  already  known  to  occur,  through  which, 
even  during  life,  small  bodies  may  be  absorbed  into  the  interior  of  the  tube. 
They  were  first  demonstrated  by  Kecklinghausen,  in  the  central  tendon  of 
the  diaphragm.  If  we  inject  into  the  peiitoneal  cavity  of  mammals  milk, 
blood,  or  fluids  which  have  insoluble  substances  (consequently  not  carmine) 
in  suspension,  a  beautiful  injection  of  the  net-work  of  lymphatics  of  the  cen- 
tral tendon  of  the  diaphragm  may  be  obtained.  If  we  jii^ess  a  cork  ring 
against  the  central  tendon  from  the  thoracic  side,  attach  a  portion  to  it  with 
needles,  and  then  excise  it,  we  are  enabled  to  procure  the  surface  of  the  ten- 
don in  an  absolutely  uninjured  state.  If  now  we  place  a  drop  of  milk  upon 
this,  the  absorption  of  milk  globules  into  the  lymphatic  vessels  may  be 
directly  observed  under  the  microscope.  The  milk  globules  run  towards 
certain  points  at  which  small  vortices  occur  whilst  they  are  penetrating  into 
the  subjacent  lymphatics.  The  openings  through  which  they  gain  entrance 
sre  only  wide  enough  to  admit  two  or  three  milk  globules  abreast,  are  round- 
ish, sometimes  even  quite  round,  and  represent,  as  is  clearly  shown  by  sub- 
sequent staining  with  nitrate  of  silver,  s})aces  between  the  epithelial  cells. 
Thej  usually  lead  perpendicularly  into  the  lymphatic  vessels,  over  which 
they  are  immediately  placed,  but  sometimes  they  are  situated  nomewhat 
obliquely,  towards  th&  margin  of  the  vessel,  or  they  may  even  be  as  far  dis- 
tant as  a  semi-diameter  of  the  vessel,  in  which  case  there  is  an  oblique  canal 
kading  to  the  latter. 

The  openin^i  (stomata)  never  exceed  the  size  of  an  epithelial  cell.  The 
rich  lymphatic  plexus  of  the  central  tendon  with  these  large  stomata  is  ob- 
viously sabaervient  to  the  absorption  of  the  fluids  of  the  peritoneal  cavity, 

*  Uandbueh^  p.  427. 
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which,  like  the  lymph,  contains  contractile  cells,  capable,  from  their  sise,  of 
passing  through  the  stomata.  In  the  frog,  which  has  no  diaphragm, 
Schweigger-Seidel  and  Dogiel  found  that  openings  of  a  similar  nature  exist 
in  that  surface  of  the  wall  of  the  cistema  lymphatica  magna  that  is  turned 
towards  the  abdominal  cavity.  Dybskowsky  also  was  able,  by  causing  the 
absoi*ption  of  colored  fluids  from  the  pleural  cavity  of  dogs  into  the  lympha- 
tic plexus  of  the  pleura,  to  demonstrate  the  existence  of  similar  openings 
between  the  epithelial  cells.  From  these  experiments  we  may  now  reason- 
ably expect  that  analogous  formations  will  be  found  in  the  pericardium  and 
in  the  arachnoid  membrane  of  the  brain,  and  that,  consequently,  we  may 
conclude  all  serous  cavities  to  possess  a  very  intimate  connection  with  the 
lymphatic  system. 

Further,  it  has  been  shown,  in  regard  to  many  epithelial  layers,  even  in 
parts  where  the  lymphatics  certainly  do  not  approximate  the  surface,  that 
when  they  have  been  treated  with  nitrate  of  silver,  sharply  defined  spaces 
exist  between  the  epithelial  cells  which  may  be  placed  in  the  same  category 
with  the  stomata  above  described.  Oedmansson  flrst  described,  them  in  the 
epithelia  of  serous  membranes.  He  drew  attention  to  their  occun-ence  in 
the  epithelial  stratum  of  the  chyle  vessels  and  of  the  follicles  of  Peyer ;  Lud- 
wig,  Schweigger-Seidel,  and  Dybskowsky  demonstrated  their  presence  in  the 
pleura  and  peritoneum,  and  further  showed  that  they  were  especially  abund- 
ant in  the  small-celled  epithelium  which  lies  directly  over  the  lymph  vessels 
on  the  peritoneal  surface  of  the  centi<al  tendon  of  the  diaphragm.  They  are 
distingidshed  from  the  proper  stomata  by  their  much  smaller  size,  the  largest 
only  attaining  the  diameter  of  a  red  blood  corpuscle,  and  they  are  principally 
found  at  the  points  of  junction  of  several  epithelial  cells.  I  recognized  these 
spaces  when  I  first  began  to  employ  silver  as  a  means  of  staining  the  tissaea ; 
but  have  met  with  them  under  so  many  different  conditions,  that  I  am  not 
at  present  satisfied  of  their  nature.  In  perfectly  fresh  silvered  preparations, 
preserved  as  carefully  as  possible  in  their  natural  condition,  we  frequently 
meet  with  areas  of  considerable  extent  in  which  scarcely  any  openings  are 
present,  whilst  in  others,  again,  they  are  very  numerous ;  the  difference  being 
in  no  way  attributable  to  the  mode  of  preparation.  At  the  same  time,  it  can- 
not be  denied  that  within  a  few  hours  after  death,  or  as  a  consequence  of 
mechanical  violence,  or  careless  preparation,  they  always  appear  more  numer- 
ous, clearly  on  account  of  the  epithelial  cells  becoming  detached  from  each 
other.  The  variability  in  the  appearances  presented  by  perfectly  fresh  spe- 
cimens may  be  explained  on  the  supposition  that  at  certain  times,  or  under 
certain  conditions,  connected  with  the  imbibition  of  fluids,  the  substratom 
of  the  epithelium  opens,  whilst  under  other  conditions  it  closes  up.  At 
present  no  absolute  proof  has  been  adduced  to  show  that  they  are  really 
openings,  nor  has  any  one  shown  that  solid  particles  can  traverse  them.  - 

1  must  express  myself  in  exactly  the  same  terms  in  regard  to  the  very 
regular  and  interesting  appeaiuQces  of  a  similar  nature,  situated  for  the 
most  part  at  the  points  of  junction  of  several  epithelial  cells,  which  are  fre- 
quently exhibited  in  the  lymph  vessels  of  silvered  preparations,  but  which 
are  sometimes  \mdiscoverable  even  when  the  greatest  care  has  been  taken  in 
l^e  preparation  of  the  specimen.  I  endeavored  to  obtain  them  constantly, 
and  hoped,  in  accordance  with  what  has  been  above  stated,  to  accomplish 
this  by  permitting  the  central  tendon  to  lie  for  several  hours  in  diluted  per- 
icardial fluid,  thus  rendering  its  tissues  as  moist  as  possible  with  an  indif- 
ferent fluid,  yet  without  being  able  to  observe  the  spaces  occur  with  snch 
constancy  and  regularity  as,  after  the  foregoing  exposition  and  the  observa- 
tions I  have  still  to  make,  was  to  be  desired.     The  present  condition  of  our 
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knowledge  may  therefore  be  expressed  in  these  terms :  that  stomata  can  be 
certainly  proved  to  exist  in  certain  lymphatic  capillaries ;  that  openings,  at 
least  of  an  occasional  character,  must  also  exist  in  other  lymphatics,  especial- 
ly in  absorbing  membranes,  though  this  still  remains  to  be  satisfactorily  de- 
monstrated^ notwithstanding  that  Oedmansson,  His,  and  others  have  de- 
scribed foramina  presenting  features  analogous  to  such  stomata. 

We  come  now  to  the  essential  ^loint  of  the  whole  inquiry,  the  nature, 
namely,  of  the  relation  borne  by  the  lymphatics  to  the  sv/rroimding  tissues. 
And  we  must  first  ask  whether  definite  channels  exist  by  which  the  fluids 
transuded  from  the  blood  are  conducted  to  the  commencement  of  the  lym> 
phatics,  or  whether  the  sun*ounding  tissues  behave  like  Descemet's  mem- 
brane, in  which  pores  and  canals  are  present  of  sufficient  magnitude  to  ena- 
ble them  to  be  readily  seen  by  means  of  the  microscope  ?  If  we  consider 
the  phenomena  of  the  absorption  of  &t,  it  appears  absolutely  requisite  to 
assume,  not  only  that  there  are  foramina  in  the  walls  of  the  capillary  lym- 
phatics, but  that  there  are  channels  in  the  surrounding  substance  of  the 
parenchyma  in  the  case  of  the  villi,  though  in  regard  to  other  rootlets  of 
the  lymphatic  vessels,  their  existence  appears  less  requisite,  since  their  con- 
tents, apart  from  the  lymph  corpuscles  which  are  probably  formed  in  their 
interior,  ordinarily  consist  of  a  fluid  destitute  of  any  undissolved  particles, 
or  oil  drops.  In  the  parenchyma  of  the  viUi,  a  plexiform  disposition  of  the 
ohyle  constituents  has  been  observed  to  be  situated  immediately  beneath 
the  epithelium,  forcibly  suggesting  that  special  arrangements  are  here  present, 
by  means  of  which  the  vessels  containing  the  chyle  are  brought  into  direct 
communication  with  the  cavity  of  the  intestine.  Yeiy  recently  it  has  been 
maintained  by  Letsserich  that  a  special  system  of  canals,  commencing  with  cup- 
shaped  organs,  in  the  epithelium,  conducts  the  chyle  into  the  centi-al  lacteal ; 
but,  even  in  the  event  of  this  statement  proving  correct,  there  must  still  be  ap- 
ertures or  canals  analogous  to  those  above  described,  which  lead  from  the  abdo- 
minal cavity  to  the  lymphatic  vessels  of  the  central  tendon  of  tlie  diaphragm. 

A  lively  discussion  is  still  maintained  as  to  whether  the  lymphatics  are 
closed  channels,  or  whether  they  stand  in  communication  with  interspaces 
of  the  tissue,  from  which,  indeed,  they  may  be  supposed  to  be  developed. 
The  former  view  has  become  more  definite  since  Yirchow  and  Bonders  ad- 
vanced their  doctrines  respecting  the  stellate  connective  tissue  corpuscles  ; 
the  corpuscles,  in  consequence  of  the  fiision  of  their  membranes,  are  suji- 
posed  to  form  a  continuous  system  of  tubes,  a  plasmatic  vascular  system, 
or,  as  it  was  called  by  Kolliker,  a  system  of  serous  tubules,  easily  suggest- 
ii^  what  was  said  in  precise  terms  by  Leydig,  that  this  system  of  tubules 
was  intercalated  between  the  blood  capillaries  on  the  one  hand,  and  the 
lymphatic  capillaries  on  the  other,  and  constituted  the  direct  path  between 
them*  This  statement  was  mainly  supported  by  observations  made  on  the  tail 
of  the  tadpole,  in  which  Kolliker  found  a  distribution  of  lymphatic  vessels 
with  dentated  outlines  in  connection  with  stellate,  angular  bodies,  the  con- 
nective tissue  corpuscles.  Whilst  all  such  stellate  and  angular  bodies  re- 
quire the  existence  of  a  membrane  to  be  admitted,  both  this  plasmatic  sys- 
tem and  the  lymphatic  system  were  regarded  as  dosed.  Physiologists,  how- 
ever, and  particularly  Briicke  and  Ludwig,  maintained  the  view  that  the 
roots  of  the  lymphatics,  themselves  destitute  of  a  membrane,  commenced 
limply  from  the  interstices  of  the  tissues,  or  from  the  so-called  lacunw. 
Fohmann,  and  before  him  Mascagni,  had  already,  by  injecting  the  lymphat- 
ics with  mercury,  obtained,  when  sufficient  pressure  was  employed,  such 
eomplete  injections  as  to  arrive  at  the  conclusion  lliatthe  tissues  were  entire- 
ly oon^Kised  of  a  close  plexus  of  lymphatics,  and  that  the  solid  tissues  con- 
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atituted  only  small  tr&becul»  and  septa  between  them.  Brucke,  in  support 
of  this  view,  argues  from  the  known  fact  "  that  when  injections  of  the 
bloodvessels  are  performed  shortly  after  death,  and  therefore  whilst  the 
fluids  permeating  the  tissues,  as  the  lymph  and  blood,  still  remain  uncoagtt- 
lated,  in  not  a  few  cases  either  the  entire  mass  of  injection,  or  the  fluid 
portion  of  it,  returns  by  the  lymphatic  vessels,  which  thus  become  even 
more  completely  filled  than  can  be  effected  after  the  employment  of  much 
care  and  trouble."  Ludwig  and  Tomsa  have,  moreover,  in  their  injections, 
driven  gelatinous  fluids  into  the  ultimate  lymph  canals  of  the  testes  in  man 
and  iu  dogs,  and  the  injection  was  found  to  fill  almost  all  the  intervals  be- 
tween the  tubuli  seminiferi,  following  their  course,  and  thus  occupying 
spaces  which  form  continuous  lacuniform  sheaths  around  the  ducts.  The 
contiguous  lacunffi  were  divided  from  one  another  by  very  thin  septa  of 
connective  tissue,  in  which  the  bloodvessels  ran.  On  a  small  scale,  there- 
fore, the  arrangements  were  similar  to  those  met  with  in  the  lymph  sacs 
of  Amphibia.  The  idea  was  consequently  not  far  fetched,  that  these  ap- 
pearanc4^s  originated  from  the  manipulation  of  the  specimen,  and  the  extra- 
vasation of  the  fluid ;  and,  in  fact,  this  objection  was  raised  by  the  oppo- 
nents of  the  view  held  b}'  Brucke  and  Ludwig ;  and  Ijanger  even  pointed 
out  that  in  the  testes  of  the  frog  the  lymphatic  vessels  do  not  form  sheaths 
of  this  nature,  but  tubular  plexuses,  as  is  usual  in  the  lymphatic  capillaries 
of  other  parts.  Nevertheless  it  cannot  be  doubted  that  in  the  testes  of 
mlEiny  Mammals  the  lymphatic  tubes  ultimately  terminate  in  lacunar  chan- 
nels. Lud^vig  and  Tomsa  have  further  attempted  to  prove  the  existence  of 
such  interstitial  lacun»  in  other  organs,  as  in  the  tongue  and  kidneys,  and 
to  demonstrate  their  connection  with  the  lymphatic  vessels. 

From  this  exposition  of  the  two  opposite  views,  it  is  obvious  that  they  dif- 
fer from  one  another  in  one  point,  which  is  deserving  of  especial  notice.  In 
the  one  view,  the  anastomosing  connective  tissue  coi'puscles  forni  a  plexus, 
the  nodal  points  of  which  are  represented  by  the  body  of  each  corpuscle ;  the 
fibres  of  the  plexus  are  Iwllow  cyllrul-ers^  and  their  dis|>08ition,  upon  the 
whole,  similar  to  that  of  the  lymphatics.  On  the  other  view,  the  intersti- 
tial spaces  depend  for  their  form  on  that  of  the  morphological  elements  of 
the  tissues  (ducts,  fibres,  etc.)  between  which  they  lie.  They  vaiy  in  their 
form  and  size,  but  in  general,  because  by  far  the  greater  number  of  tissues 
consist  of  cylindrical  or  spherical  elements  with  more  or  less  convex  sur- 
foces,  they  constitute  fissures  (that  is  to  say,  spaces  the  transverse  section 
of  which  is  not  circular,  as  in  tubes,  but  elongated,  presenting  in  some  in- 
stances a  very  small,  and  in  others  a  relatively  large  diameter).  Si>ecial 
importance  has  been  attiiched  to  this  lacuniform  character  of  the  channels 
by  Ludwig.  At  the  point  of  transition  of  these  into  the  i)roper  lymphatics, 
the  lymph  path  undergoes  a  sudden  alteration  of  form. 

In  opposition  to  these  two  views,  I  have  still  a  third  to  propose,  which  is 
in  accordance  with  all  the  facts  that  have  hitherto  been  observed.  The 
essential  feature  of  this  is,  that  the  masses  of  connective  tissue,  whether  they 
form  the  exclusive  structure  of  an  organ,  or  are  intercalated  between  the 
proper  morphological  elements  of  some  other  tissue,  ai'e  traversed  by  fine 
canals,  the  serotis  canalicvliy  which  are  directly  continuous  with  the  lym- 
phatic vessels.  These  canals,  in  many  organs,  form  plexuses,  so  that 
portions  of  them  appear  to  be  bran'.-hed  in  a  stellate  manner  exactly  re- 
sembling the  connective  tissue  corpuscles.  These  last,  however,  are  not,  as 
Virchuw,  Kolliker,  Ley  dig  supposed,  fused  with  the  walls  of  the  lymphatic 
vessels,  but  occupy  the  interior  of  the  serous  canaliculi,  so  that  from  this 
point  they  may  extend  into  the  lumen  of  the  lymphatic  vessels.     Moreover, 
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die  aaxMu  casaliculi  are  not  provided  with  a  Bpecial  wall,  and  are  conse- 
quentljr  not  tubes,  on  which  account  they  are  to  be  distinguished  from  the 
aecous  canals  of  Kolliker,  but  are  rather  to  be  regarded  as  excavations  in 
the  remaining  substance  of  the  connective  tissue.  They  do  not,  however, 
r^reaent — and  on  this  account  mj  view  is  to  be  distinguished  from  that  of 
foiicke  and  Ludwig — ^mere  fissures  between  the  specific  components  of  the 
connective  tissue,  but  are  the  interstices  of  the  fibrous  fasciculi  and  lamelke 
of  connective  tissue,  cemented  to  one  another  by  a  tenacious  homogeneous 
firm  material  in  which  the  serous  canaliculi  are  buried.  Their  form  and 
arrangement,  whilst  it  is  not  independent  of  the  form  of  the  interstices,  is 
yet  not  altogether  identical  with  it,  but  peculiar,  and  one  not  entirely  de- 
termined by  the  arrrangement  of  the  sevezal  morphological  elements  of  the 
oigan.  On  my  view,  therefore,  it  cannot  be  admitted  that  the  commence- 
ment of  the  lymphatics  are,  as  Ludwig  imagines,  simply  lacunn,  whilst,  on 
the  other  hand,  it  is  equally  opposed  to  the  view  tiiat  they  constitute  closed 
membranous  tubes,  as  is  maintained  by  the  adherents  of  the  doctrine  that 
they  owe  their  origin  to  the  connective  tissue  corpuscles. 

When  organs  composed  of  connective  tissue,  and  recently  removed  from 
the  body,  are  treated  with  solution  of  nitrate  of  silver,  the  solid  parts  alone 
become  stained,  whilst  spaces  and  channels  in  the  tissue  remain  uncolored ; 
the  lymph  and  bloodvessels  coming  into  sharp  relief  as  colorless  tracks.  In 
the  connective  tissue  itself,  stellate,  unstained  figures  make  their  appear- 
ance, which  are  consequently  spaces,  though  not  altogether  empty,  since,  by 
this  mode  of  treatment^  connective  tissue  cells  become  dimly  visible  in  their 
interior.  His  maintained  that  the  silvered  tracings  of  the  cornea  agree  with 
the  form  of  the  cells;  in  other  words,  that  the  solid  substance  presents  cavi- 
ties which  precisely  correspond  to  the  cells  and  their  processes.  In  the 
mean  while,  if  we  allow  the  corpuscles  of  the  cornea,  with  all  their  procefh 
aes,  to  come  into  strong  relief^  by  exposure  for  several  hours  in  the  moist 
duunber  (which  is  the  best  method  of  rendering  them  distinct),  the  ramifi- 
cations of  their  processes  are  always  found  to  be  few  in  number,  and  the 
communications  between  their  finest  branches  to  be  discovered  only  with  • 
difficulty,  whilst  the  silvered  lines  form  a  dose  jdexus ;  the  stellate  oorpus- 
dea  of  the  cornea,  however,  do  not  become  covered  with  the  tracings.  But 
farther,  we  see  the  actively  moving  cells  of  the  cornea  traverse  its  substance 
in  all  directions,  without,  as  a  rule,  attaching  themselves  to  the  processes  of 
the  stellate,  immovable  corneal  corpuscles,  though  they  sometimes  do  so  with 
great  distinctness ;  with  the  spaces  in  which  ihe  latter  lie,  channels  must 
ihen£are  still  be  in  communication,  which  are  not  occupied  by  the  proto- 
plasm of  the  cells.  Moreover,  W.  £ngelmann,  since  the  migrations  take. 
place  in  every  possible  direction,  has  drawn  the  conclusion  that  the  cells 
ran  without  obstruction  between  the  fibrils  of  connective  tissue,  pressing 
in  from  one  to  the  other ;  various  circumstances,  however,  are  in  opposition 
to  this  view.  By  careful  observation  it  may  be  seen  that  the  movements 
of  the  migrating  cells  do  not  take  place  with  equal  fieudlity  in  all  directions. 
They  become  constricted  at  certain  points,  and  these  constrictions  remain 
imaltered  in  position,  whilst  the  several  corpuscles  force  themselves 
throng ;  again  they  appear  to  meet  with  an  obstacle,  and  must  pass  round 
it,  ^^^mjf^  the  constricting  and  obstructing  substance  may  be  so  delicate  as 
not  to  be  visible.  But  further,  if  the  cornea,  or  other  variety  of  connec- 
tive tissue  (independently  of  the  cells)  consists  only  of  fibrils  with  inter- 
vening fluid,  in  cases  where  the  injection  of  an  insoluble  mass  has  been 
effected  by  means  of  simple  penetration,  the  whole  tissue  can  be  split  up 
into  fibrils,  or,  in  the  case  of  the  cornea,  into  lamell»,  and  we  may  then  ob- 
16 
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•tain  tlie  sub-cylindrical  canals  (Bowman's  corneal  tubes),  which  often  form 
very  distinct  plexuses.  It  is  true  that  the  latter,  as  they  appear  after  in- 
jection, present  a  very  unnatural  form,  being  dilated  to  an  enormous  extent, 
on  which  account,  however,  they  must  not  be  at  once  cast  aside  as  ^'  artifi- 
cial products,''  but  they  rather  show,  since  their  forms  cannot  be  referred 
to  the  arrangement  of  the  fibrils,  that  the  interfibrillar  and  in  terlamellar  sab- 
stance  does  not  possess,  in  all  directions,  an  equal  density,  but  must  oonsist 
of  a  soft  fluid  mass,  and  a  firmer  and  more  resistant  material.  From  mic- 
roscopical investigation  we  learn  that  the  corneal  corpuscles  are  situated  in 
the  channels  which  contain  the  injection ;  this  must  consequently  correspond 
with  their  natural  position,  and  it  follows  that  these  spaces  are,  at  least  in 
certain  directions,  immensely  dilatable,  and  can  scarcely  therefore  possess  a 
proper  investing  membrane.  If  we  take  all  these  fstcts  into  consider- 
ation, we  must,  I  think,  cooie  unavoidably  to  the  conclusion,  first,  that,  in 
the  denser  organs  composed  of  connective  tissue,  as  the  cornea,  tendons, 
fasciffi,  and  cutis,  the  lacun»  between  the  fibres  or  fieisciculi  are  not  filled 
with  fluid  alone,  but  in  great  part  contain  a  more  solid  cementing  substance; 
and,  secondly,  that  in  this  more  solid  substance  there  are  no  cavities  con- 
stituting matrices  for  cells,  although  plexiform  canals  destitute  of  walls 
are  present,  which  are  partly  filled  with  cells,  and  partly  with  a  variable 
quantity  of  fluid  consisting  of  the  juice  of  the  tissues. 

Since  the  nitrate  of  silver,  when  properly  applied,  only  colors  the  solid 
tissues,  the  serous  canals  appear  as  colorless  bands,  resembling  the  lymph 
and  blood  vessels,  which  can  be  followed  to  their  finest  branches  with  a 
facility  proportionate  to  their  breadth,  or  as  they  happen  to  be  filled  more 
strongly  with  fluid  at  ihe  time  when  they  were  stained  with  the  silver.  We 
must  attribute  the  incomplete  appearance  of  the  plexuses  in  some  cases  to 
the  absence  of  fluid,  especially  where  the  wider  parts  only,  in  which  the  con- 
nective tissue  corpuscles  lie,  make  their  appearance.  The  serous  canals  have, 
however,  very  different  forms  in  the  various  organs.  They  appear  as  dis- 
tinct plexuses  of  subcyUndrical  canals  in  the  dense  oi^ans  composed  of  con- 
nective tissue,  to  which  reference  has  above  been  made,  the  form  of  the  net- 
works being  in  accordance  with  the  stratification  of  the  organ ;  so  that  in 
the  tendons  and  fibrous  organs  the  meshes  are  considerably  elongated  in  the 
direction  of  the  fibres,  whUst  in  the  cornea  they  are  expanded  into  layers 
between  the  lamell»,  and  ai*e  in  communication  with  one  another  by  com- 
paratively few  branches,  that  perforate  the  lamell»  in  an  oblique  direction. 
In  soft  interstitial  and  investing  connective  tissue,  like  the  perimysium,  the 
canals  appear  extraordinarily  wide,  the  dilatations  in  particular  bemgin  dose 

.  prosimity  with  each^  other,  and  the  solid  tissue,  in  which  the  canals  are  im- 
bedded, being  much  diminished  in  quantity.  Lastly,  in  all  soft  organs  lying 
immediately  upon  the  surface,  in  the  most  superficial  layers  of  the  capsules 
of  the  joints,  in  the  serous  membranes,  and  in  the  mucous  membrane  of  the 
intestine,  the  solid  portions  are  reduced  to  thin  septa,  which  very  incom- 
pletely separate  the  closely  approximated  spaces  lined  with  cells.  All  these 
varieties  constitute  gradations  of  one  and  the  same  type,  the  terminal  mem- 
bers of  which  present,  on  the  one  hand,  the  form  of  a  cylindrical  tube,  and 
on  the  other,  that  of  a  lacuna ;  neither  of  them,  however,  represent  the 
typical  form,  and  it  is  consequently  most  appropriate  to  employ  the  term  canal, 
since  it  expresses  nothing  definite  with  regard  to  their  form. 

In  opposition  to  the  importance  which  I  attribute  to  the  silvered  prepaiataons, 
various  objeotions  have  been  adduced,  with  all  of  which  I  am  acquainted,  sinoe  Ihave 
myself  formerly  had  to  meet  them;  but  from  my  numerous  reeearchet  I  draw  the 
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ooDclonon  that  all  the  indistmct  appearances  obtained  by  those  who  oppose  my 
method,  proceed  from  injuries,  accidental  rents,  and  alteration  of  chemical  composi- 
tioD  ;  and  I  still  believe  that  no  method  is  more  suitable  than  mine.  All  objections 
to  it  may  be  disposed  of  in  the  words  of  Schweigger-Seidel :  *'*■  The  regularity  of  the 
figures,  the  constancy  with  which  the  same  forms  recur  in  certain  localities,  and  the 
presence  of  nuclei,  which,  however,  are  not  always  equally  distinct,  in  their  interior, 
famish  satisfactory  proof  that  they  are  not  accidental  formatious."  Schweigger-Seidel 
nakes  the  above  statement  only  in  regard  to  the  lines  showing  the  presence  of  an 

Fig.  78. 


Fig.  78.  Central  tendon  of  the  diaphragm  of  a  Babbit  treated  with  silver,  a,  lym- 
phatic capiDaries  with  epithelium  *  b,  commencement  of  the  same ;  c,  serous  canals ; 
tf,  tcaosition  of  serous  canals  into  lymphatic  vessels  most  abundant  at  the  border  D. 
Magnified  300  diameters. 


epithelium,  and  maintains  that  the  indications  of  the  presence  of  serous  canals,  after 
t&e  removal  of  the  epithelium,  originate  in  an  albuminous  layer,  subjacent  to  the 
«|ittibelium,  and  consequently  upon  the  surface,  and  not  in  the  interior  of  the  oonnec- 
ttve-tisnie  lamina.  I  do  not,  however,  quite  comprehend  why  Schweigger-Seidel 
leaves  quite  out  of  consideration  the  markings  produced  by  silver  in  the  cornea ;  for 
in  the  oomea  it  is  quite  easy  to  demonstrate  that  the  layer  on  which  the  sUver  acts  is 
not  equivalent  to  the  anterior  surface  of  the  cornea,  which  first  comes  into  contact 
with  the  solution  of  silver,  but  not  unfrequeutly  rather  lies  in  close  approximation  to 
tbe  membrane  of  Dcsoemet.  From  the  consideration  of  this  one  point,  the  doubt 
which  he  has  expressed  could  be  overthrown,  and  the  proposition  above  advanced  be 
alao  maintain^^  in  regard  to  the  silvered  markingB  of  connective  tissue. 
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The  serous  canals  represent  spaces  which  are  continuous  with  the  lym- 
phatic vessels,  and  it  may  even  be  said  that  they  constitute  the  roots,  so 
frequently  sought  after,  of  the  lymphatics.  As  a  proof  of  this,  the  following 
facts  may  be  added:  1.  In  silvered  preparations,  a  direct  transition  of  the 
colorless  passages  of  the  serous  canals  into  the  smaller  lymphatics  may  be 
observed.  Successful  preparations  of  the  central  tendon  of  the  diaphragm 
show  in  the  most  distinct  manner  the  transition  of  the  small  cylindrical 
serous  canals  (see  fig.  78)  into  the  lymphatic  capillaries.  The  latter,  at 
their  very  commencement,  frequently  present  dentated  contours,  and  at  the 

Fig.  79. 


Fig.  79.  Central  tendon  of  the  Rabbit,  treated  with  solution  of  nitrate  of  silver,  the 
meet  supeificial  serous  layer  immediately  adjoining  the  pericardium  being  shown, 
a,  lymphatic  capillaries ;  b,  their  origin ;  e^  serous  canals  with  communicationB ;  d, 
seioufl  canals  equal  in  width  to  the  origrin  of  the  lymphatic  vessels  ;  e,  blood-vessel  with 
«pitheliai  oelk.    Magnified  800  diameters. 

bottom  of  these  depressions  the  limits  of  the  lymphatic  vessels  very  fre- 
qnently  become  insensibly  lost  in  the  serous  canaJ  system.  This  disappear- 
ance ^f  the  boundaries  of  the  lymph  vessels  it  is  very  easy  to  understand  is 
so*iniudi  tiie  iik)re  obvious  in  proportion  as  the  canal  system  is  wider,  and  is 
consequently  particularly  well  marked  in  the  serous  membranes  and  other 
analogous  structures  (fig.  79). 

In  preparations  of  this  kind  it  is  important  to  avoid  eveiything  that  may  produoo 
alterations  in  the  stmctaies  under  examination ;  for  if  the  contours  of  the  lymph*tio 
vessels  and  serous  canals  are  in  the  smallest  degree  rendered  indistinct  and  ha^,  it 
is  impossible  to  determine  aocurately  the  nature  of  their  connection.  But  such 
blurred  images  are  always  obtained  if  the  epithelium  has  not  been  carefully  removed 
previous  to  the  impregnaliion  of  the  preparation  with  the  solution  of  sUver.     His  ap- 
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pens  to  hATehad  onlj  such  indistinot  specimeiiB  before  him,  as  he  beHered  that  aa 
Ottkilled  obBerrer  might  remain  in  doubt  aa  to  the  oontinoity  of  the  oontoars.'* 

2.  If  the  lymphatic  vessels  be  injected  towards  their  rootlets,  it  is  very 
easy,  even  with  an  insoluble  injection,  to  produce  extravasation  into  the  tis- 
sae,  by  which  it  becomes  more  or  less  stained.  Under  the  microscope  we 
msj  then  see  in  the  softer  tissues  only  a  dense  mass  of  coloring  matter,  with- 
out any  of  the  ordinary  canals  being  visible ;  harder  tissues  must  conse- 
qaeatly  be  selected,  if  we  desire  in  this  way  to  ascertain  the  path  followed 
by  the  injection.  In  the  fascia  of  the  thigh  of  the  frog,  forming  the  wall  of 
a  lymph  sac,  I  have  succeeded  in  filling  c^ials  containing  connective  tissue 
cells  with  granular  coloring  material,  by  injecting  the  sac ;  and  we  may  also 
force  very  fine  injections  through  the  lymphatic  vessels  of  the  cutis  into  the 
subcutaneous  connective  tissue,  the  fluid  passing  directly  into  channels  that 
precisely  agree  in  their  form  with  the  plexuses  containing  healthy  pigment, 
t.e.,  the  ramifications  of  the  so-called  pigment  cells ;  indeed,  the  injection  may 
•ometimes  be  propelled  into  the  plexus  of  pigment  cells  itself.  We  cannot, 
therefore,  entertain  any  doubt  that  the  injection,  if  it  escape  from  the  capil- 
lary lymphatics,  enters  into  channel-like  spaces  of  the  tissue,  which  are 
nothing  else  than  the  serous  canals  themselves,  since  they  here  contain  the  pig- 
mented connective  tissue  cells.  Moreover,  in  all  soft  tissues,  as,  for  instance, 
in  the  villi  of  the  small  intestine^  plexuses  first  make  their  appearance ;  and 
then,  when  the  injection  has  been  driven  with  great  force,  the  diffused  tense 
infiltration  is  produced,  in  which  no  determinate  figures  are  discoverable. 
Against  these  results  it  has  been  objected,  and  to  a  certain  extent  justly, 
tbat  such  appearances  are  due  to  over-distention,  and  originate  in  extrava- 
sation or  rupture  of  the  tissues ;  and  it  is  certain  that  they  do  not  appear 
with  the  above-named  injections,  unless  very  considerable  pressure  has  been 
applied.  In  the  mean  while,  the  injection  of  the  substance  of  the  villi  occurs 
even  when  only  very  slight  pressiure  has  been  employed ;  and  we- here  pos- 
ios  a  very  good  means  of  control  by  a  comparison  of  the  results  obtained 
▼ith  the  natural  injection  that  takes  place  with  the  chyle.  The  same  ap- 
pearances are  presented  in  both  instances,  of  a  plexiform  arrangement  of 
chyle  drops  around  the  central  lacteal  in  the  first  instance,  and  ultimately 
of  chylous  infiltration  of  the  whole  parenchyma  of  the  villus.  Can  it  be 
possible  that  such  a  plexiform  appeaiunce  of  the  chyle  masses  has  given 
rise  to  the  belief  that  the  laoteals  in  the  villi  form  a  dense  network  still  closer 
and  more  compact  than  that  of  the  blood-vessels  ? 

The  open  communication  existing  between  the  serous  canals  and  the  capil- 
Imt  lymphatic  vessels  enables  the  latter  to  receive  substances  from  the 
former ;  and  the  facts  that  have  aheady  been  adduced,  in  regard  to  the  be- 
havior of  the  villi  during  chymification,  afford  sufficient  evidence  of  the  pas- 
Mge  of  a  lymph  current  through  the  intei-stices  of  the  tissues  (serous  canals) 
nrto  the  rootlets  of  the  lymphatic  -vessels.  Moreover,  the  passage  of  the  cel- 
lular elements  of  the  connective  tissue  from  the  serous  canals  into  the  lym- 
phatics, although  not  as  yet  directly  witnessed,  is  in  the  highest  degree 
probable,  since  they  migrate  from  place  to  place  within  the  lumen  of  the 
fonner.  Judging  from  silvered  preparations,  the  communication  between 
the  rootlets  of  the  lymphatic  vessels  and  the  serous  canals  is  often  so  free  as 
to  render  it  difficult  to  determine  the  limits  between  them ;  this  can,  indeed, 
only  be  accompli^ed  by  determining  the  existence  of  an  epithelium,  and 
fiouBdering  that  the  lymphatic  vessels  commence  where  the  epithelium  first 
■itkes  its  appearance. 

*  ZeitsehriftJUr  witsenMehafUiehe  Zooiogie,  Band  xiii,  Heft  3, 1863. 
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The  conclusions  tihat  have  been  here  stated  have  by  no  means  obtained  general  ac- 
ceptance, and  it  mnst  be  acknowledged  that  farther  evidence  is  still  required.  We 
should  endeavor  to  effect  the  physiological  impregnation  of  the  tissues  with  insoluble 
coloring  or  other  particles,  and  subsequently  to  stain  them  with  silver,  in  order  to  es- 
tablish the  fact  that  the  absorbed  material  passes  from  the  serous  canals  into  the 
lymphatic  capillaries ;  the  evidence  would  be  perfectly  satisfactory,  were  it  possible 
to  propel  the  particles,  whUsi  the  preparation  is  under  observation  with  the  micros- 
oope,  directly  from  the  serous  canals  into  the  lymphatics.  I,  however,  venture  to  hold 
that  the  theory  as  above  stated  affords  an  explanation  of  all  the  facts  at  present 
known,  whilst  others  are  not  equally  comprehensive.  In  order  to  render  this  evident, 
let  us  consider  the  facts  on  which  tiie  supporters  of  other  views  rely.  Ludwig  and 
Tomsa,  for  instance,  regard  the  fissures  they  have  discovered  between  the  canaUeoli 
of  the  testis  as  the  origins  of  the  lymphatic  vessels,  and  they  undoubtedly  lie  so  done 
between  the  parenchyma, — not  unfrequently  investing  the  blood-vessels,— and  the  con- 
nective tissue  is  withal  so  small  in  quantity,  that  it  is  scarcely  possible  to  look  in  this 
orgau  for  other  roots  of  the  lymphatic  vessels,  that  is,  for  a  serous  canal  system. 
Ludwig  and  Zawarykin  injected  similar  lacunae  in  the  kidneys  surrounding  the  tubuli 
uriniferi  Tomsa  made  injections  of  the  nose  of  the  dog,  and  saw  plexuses  suddenly 
proceed  from  the  injected  capillaries,  which  he  regarded  as  transverse  sections  of 
lacunsB  intervening  between  tiie  muscles,  or  fasciculi  of  connective  tissue.  At  the 
same  time,  their  fissure-like  form  was  not  demonstrated  by  him,  and  both  his  illustia- 
tions  and  descriptions  agree  equally  well  with  my  explanation,  especially  as  it  appeazs 
from  them  that  fusiform  cells  (connective  tissue  corpuscles)  are  found  at  the  borden 
of  the  injected  canals.  In  the  case  of  the  kidneys,  I  have  not  been  able  to  convince 
myself  that  the  lacunae  in  the  tissue,  serving  as  origins  for  the  lymphatic  vessels,  are 
fissure-like  in  form.  In  regard  to  the  lymph  lacunae  of  the  tesUs,  whether  they  ex- 
ist to  the  extent  described  by  Ludwig  and  Tomsa,  or  are  less  developed,  they  can  af- 
ford no  evidence  on  the  mode  of  origin  of  lymphatics  in  other  organs ;  for  His  and 
Tommasi  have  demonstrated  that  they  are  lined  by  the  characteristic  epithelium  of 
the  lymphatic  capillaries,  and  hence  are  most  probably  analogous  to  these  raider  than  to 
serous  canals.  The  other  theory,  which  refers  the  rootlets  of  the  lymphatic  system  to 
the  connective  tissue  corpuscles,  rests  on  a  fact  which  is  also  in  full  accordance  with 
my  view ;  namely,  on  the  connection  of  the  cells  of  the  tissue  with  the  dentated  root- 
lets of  the  lymphatic  vessels  (Kolliker).  I  certainly  do  not  participate  in  the  doubts 
entertained  by  many  respecting  the  lymphatic  nature  of  these  rootlets.  It  is  true, 
indeed,  that  we  cannot  ordinarily  perceive  any  current  traversing  them,  since  the 
fluid  is  ajB  dear  as  water ;  but  in  one  instance  I  was  able,  after  protracted  observation, 
to  see  a  cell  projecting  from  the  terminal  angular  extremity  of  one  of  these  rootlets 
gradually  become  absorbed  into  it ;  and  which,  in  its  brightness,  its  refractile  power, 
and  its  size,  completely  corresi)onded  with  those  tissue  cells  which  are  in  contact  with 
the  lymphatic  vessels ;  as  it  was  entirely  absorbed,  it  was  immediately  conducted, 
with  moiderate  rapidity,  but  apparently  passively,  to  one  of  the  main  tnmks.  I  have 
not  as  yet  been  able  to  observe  one  of  the  stellate  or  fusiform  connective  tissue  cells, 
which  join  with  these  lymphatic  vessels,  or  lie  quite  on  their  exterior,  to  be  pushed 
onward  in  a  similar  manner  into  the  lumen  of  the  vessel;  yet  I  regard  it  aa 
probable  that  this  may  sometimes  occur.  The  i^bove  observation  renders  it  more  than 
probable  that  the  tissue  cells  are  not  strongly  adherent  to  the  vascular  wall,  but  lie  in 
cavities  which  are  continuous  with  the  lumina  of  the  lymphatic  vessels.  Large  gran- 
ular cells  may  also  be  seen  in  the  interior  of  the  larger-sized  vessels  of  this  description, 
lying  near  the  wall,  and  at  moderate  distances  from  each  other.  These  are  considered 
by  Kolliker  to  be  collections  of  fat  molecules  constituting  the  remains  of  the  primary 
formative  ceUs ;  they  usually  present  pale  but  well-defined  outlines,  possess  numerooa 
small  teeth  and  projections  on  their  surface,  some  of  which  enter  the  cavity  of  the 
vessel,  whilst  others  penetrate  the  surrounding  tissues.  These  cells  do  not  give  the 
impression  that  they  are  undergoing  disintegration,  but  rather  appear  to  me  to  be 
simply  the  connective  tissue  ceUs  which  hang  from  the  interior  of  the  laiger  veeeels, 
and  still  remain  attached  to  their  walls.  It  might,  indeed,  be  considered  that  these 
lymph  passages  or  rootlets  simply  constitute  expansions  of  the  serous  canals,  leading 
to  others  by  means  of  their  closely  proximated  pointed  processes,  and  an  endeavor  be 
thus  made  to  prove  that  the  serous  canals  and  lymph  passages  are  continuous.  The 
question  may  be  asked,  do  these  persistent  connective  tissue  cells  under  any  circum- 
stanoes  develop  into  epithelial  cells  ?  I  confess  that  I  am  unable  to  give  a  positive 
answer,  and  shall  only  here  remark  that,  like  Kolliker,  I  have  been  unable  to  obtain 
any  evidence  of  the  presence  of  an  epithelial  investment  in  thesp  vessels  by  the  action 
of  nitrate  of  silver.  After  being  injected  with  this  fluid,  the  largest  branches  near  the 
spine  exhibited  only  confused  lines  which  might  be  regarded  as  indications  of  an  epi- 
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flKUmB,  whilai  in  the  smaller  YeeseUi  branched  cells  bec^e  colored,  aronnd  which 
mte  a  number  of  fine  linee  resembling  coiled  fibrea  Whether,  as  from  this  account 
appears  probable,  the  peripherical  portions  of  the  lymph  canals  are  destitute  of  an 
epithdium,  or  whether  such  an  epithelium  may  yet  be  demonstrated  by  further  in- 
votigationfi,  all  the  peculiarities  of  these  vessels  agree  in  a  most  remarkable  way  with 
the  new  of  the  origin  of  the  lymphatic  Tcssels  from  serous  camds.  It  is  not  difficult, 
frnn  these  consideEatioQa,  to  obtain  additional  evidence  in  favor  of  my  theory ;  never- 
thslesB  I  do  not  venture  to  do  so,  since  we  are  treating  of  peculiar  and,  so  to  speak, 
aafaiyoiial  tiasues  of  lymph  capillaries  that  are,  perhaps,  as  yet  destitute  of  epithelium, 
lad  in  a  very  early  stage  of  development;  connections  and  communications  may 
tlMmfare  exist  at  this  period,  which  at  a  later  stage  are  in  some  way  or  other  modified 
or  altogether  aboUahed. 

If  now  we  may  consider  the  system  of  serous  canals  as  the  origin  of  the 
lymphatic  capillaries,  the  former  system  of  tubes  appears  to  be  adapted  for 
die  conduction  of  the  pro|)er  fluids  of  the  tissues,  whilst  the  latter  consti- 
tutes the  eollecting  tubes  which  carry  off  the  superfluous  fluid.  Regarded 
from  tJiis  point  of  vie'ir,  the  comparison  of  the  structural  character  of  the 
tvo  systems  is  of  great  interest.  Both  are  only  sparingly  present  in  the 
denser  tissues  that  are  permeated  by  only  moderate  quantities  of  nutritive 
fluid,  as  in  the  case  of  tendons ;  on  the  other  hand,  in  tissues  like  the  cen- 
tral tendon  of  the  diaphragm  and  the  mucous  membrane  of  the  intestine, 
uk  whidi  the  current  of  the  nutritious  fluid  of  the  tissue  is  extraordinarily 
rapid,  the  lymphatic  vessels  are  very  abundant  and  wide  in  relation  to  the 
total  sectional  area  of  the  serous  canal ;  lastly,  the  serous  canal  system  may 
have  a  great  extension  in  relation  to  the  entii*e  efferent  system  of  the 
lymph  path,  in  which  case  the  tissues  are  very  soft  and  juicy,  and  the  fluid 
in  tiieir  interior  undergoes  only  slow  interchange,  and  is,  perhaps,  on  this 
aceount,  especially  adapted  to  the  formation  of  new  cells.  To  the  last  cate-^ 
9017  probably  belong  the  looser  masses  of  connective  tissue  which  invest 
the  several  organs,  and  imite  the  interstitial  connective  tissue  layers,  on 
the  <me  hand,  with  the  serous  and  synovial  membranes  on  the  other.  In 
point  of  fact,  the  outer  layers  of  these  tissues  are  very  defective  in  con- 
tinoity,  whilst  the  serous  canals  are  extraordinarily  wide ;  the  solid  struc- 
tures being  only  present  in  the  form  of  thin  membranes  and  trabecules,  and 
we  know  from  pathological  processes  how  quickly  a  cellular  infiltration  oc- 
ean  in  them.  In  the  tunica  adventitia  of  the  blood-vessels  such  cellular 
infihnitions  have  frequently  been  regarded  as  lymphatic  vessels  in  a  state  of 
distentioiu  In  certain  parts  of  the  body  this  unusuaUy  wide  serous  canal 
aystem  appears  to  coalesce,  and  form  larger  cavities,  which  then  become  in- 
vested with  an  epithelium :  of  this  the  serous  cavities  may- be  taken  as  an  ex- 
ample in  a  physiological  point  of  view,  and  the  so-called  serous  cysts  in  a 
pathological.  Where  spaces  of  this  kind  form  in  or  upon  the  tunica  adven- 
dtia  of  the  blood-vessels,  we  obtain  sheath-like  investments  resembling  the 
lymph  sheaths  of  the  tubuli  seminiferi.  To  these  belong  the  perivascular 
lymphatics  described  by  His  as  existing  partly  in  the  membrane  and  pai*tly 
in  the  substance  of  Ihe  brain  and  spiiud  cord  ;  these  are  really  interstitial 
spaces  between  the  blood-vessels  and  the  substance  of  the  brain,  continuous 
with  a  wide  ^^  epicerebral  cavity '^  situated  beneath  the  pia  mater.  That 
this  last  does  not  constitute  a  mere  interstitial  space  may  be  maintained  oil 
the  ground  that  it  can  be  filled  from  the  true  lymphatic  vessels  of  the  pia 
mater.  His  has  demonstrated  the  existence  of  an  epithelium  in  the  larger 
of  these  perivascular  canals  and  sheaths,  and  they  therefore  represent  the 
«aie  grade  of  organization  as  the  lymphatic  capillaries.  Macgillavry  also 
found,  in  injected  preparations  of  the  liver,  lymphatic  sheaths  around  the 
blood-vesaelB,  but  it  has  not  been  satisfiEurtorily  ascertained  whether  they 
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are  or  are  not  lined  with  an  epithelium.  Strieker  has,  moreover,  described 
a  similar  arrangement  of  sheatlis  around  the  blood  capUlaries  of  the  lower 
eyelid  of  the  frog ;  whilst  Langer  has  shown  that  in  this  region  onlj  two 
lateral  lymph  tubes  are  present,  which  lie  close  to  the  blood-vessel,  and 
occasionally  unite  by  transverse  anastomoses  which  cross  the  vessel  like  a 
bridge.  It  further  appears  from  Langer's  careful  investigations  in  the 
frog,  where  the  large  blood-vessels  are  ensheathed  by  lymph  sacs,  or  by 
processes  of  the  lym^  sacs,  that  from  the  point  of  their  entrance  into  the 
different  organs  an  ^^invagination  of  the  blood-vessels  by  the  lymphatic 
tubes  is  no  longer  to  be  distinguished ; ''  in  the  serous  and  mucous  mem- 
branes two  lymph  vessels,  but  in  the  interior  of  the  parenchymatous  struc- 
tures only  a  single  lymphatic  vessel  accompanies  each  aj^ry.  These  inves- 
tigations afford  an  important  caution  against  too  hastily  admitting  the 
existence  of  lymphatic  sheaths  around  the  blood-vessels.  Many  authors 
were  formerly  inclined  to  ascribe  a  perivascular  system  of  cansds  to  the 
blood-vessels  of  other  organs,  or  at  least  to  seek  for  lymphatic  sheaths 
generally  within  the  tunica  adventitia  of  the  blood-vessels.  But  this  only 
is  certain,  that  in  the  latter  situation  the  serous  canal  system  presents  an 
extraordinary  expansion,  and  is  on  this  account  predisposed  to  cellular  in- 
filtration. 

The  fluid  contents  of  the  serous  canals,  as  well  as  of  the  lymphatic  vessels, 
that  is  to  say,  the  lymph  itself,  primarily  comes  from  the  blood ;  it  is  there- 
fore a  question  of  peculiar  importance  to  determine  what  relation  the  serous 
canal  system  bears  to  the  blood-vessels,  and  especially  to  the  blood  capilla- 
ries. At  first  sight  it  appears  most  natural  to  consider  that  the  serous 
canals  stand  in  the  same  conmiunication  with  them  as  with  the  lymphatic 
capillaries.  This  was  the  relation  which  the  authors  of  the  last  century  un- 
derstood by  their  vasa  serosa,  vessels  which,  on  account  of  their  small  caUbre, 
only  permitted  the  passage  of  the  colorless  serum,  and  arrested  that  of  the 
corpuscles.  Leydig  has  translated  this  view  into  modem  language,  in  stating 
that  the  connective  tissue  corpuscles  are  continuous  not  only  with  the  lympha- 
tic vessels  but  also  with  the  blood-vessels.  Fiihrer,  and  before  him  Lessing, 
had  already  maintained  the  view  that  ^'  the  vasa  serosa  formed  a  plasmatic 
system  connecting  together  the  blood  and  lymphatic  capillaries,"  in  the  inte- 
rior of  which  the  cells  were  situated.  I  formerly  held  it  to  be  improbable 
that  the  serous  canals  were  continuous  with  the  blood-vessels,  since  I  had  not 
then  given  up  the  old  view  that  the  wall  of  the  blood-vessels  consists  of  a  homo- 
geneous substance.  Since,  however,  it  has  been  demonstrated  by  Aeby, 
Auerbach,  and  Eberth,  by  means  of  solutions  of  nitrate  of  silver,  that  the 
walls  of  the  capillaries  were  composed  of  an  epithelium,  at  all  events  in  such 
organs  as  they  had  examined  ;  since,  moreover,  the  permeability  of  the  vas- 
cular wall  for  the  red  blood  corpuscles  (Virchow,  Strieker),  and  also  for  the 
colorless  corpuscles  (Cohnheim),  has  been  noted  under  circumstances  which, 
though  certainly  not  normal,  yet  can  nevertheless  be  so  rapidly  brought 
about  that  it  is  impossible  to  admit  the  occurrence  of  a  qualitative  change 
in  the  nature  of  the  capillary  wall,  I  consider  it  to  be  very  possible  that  the 
serous  canals  may  stand  in  the  same  open  continuity  with  the  blood-vessels  as 
with  the  lymphatics.  That  such  communications  do  actually  exist  under 
normal  conditions  is  also  rendered  highly  probable  by  the  well-known  feet 
that  in  the  lymph,  and  especially  in  the  chyle,  not  only  colorless,  but  also 
red  corpuscles  may  be  discovered.  Herbst  instituted  a  series  of  experiments 
in  which  he  augmented  the  total  volume  of  the  blood  by  slowly  intcoducii^ 
blood,  in  the  greater  number  of  instances,  but  freqiiently  also  other  fluids, 
as  milk,  into  the  jugular  vein ;  and  in  these  he  constantly  observed  the 
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presence  of  red  blood  corpuscles  in  tKe  abundant  contents  of  the  thoracic 
duct,  and,  where  that  fluid  was  employed,  milk  corpuscles  also.  .  Lastly,  Dr. 
Rod-  Bohm  has  very  recently  seen  in  silver  preparations  of  the  synovial 
membranes  the  serous  canals  become  continuous  with  the  blood  capillaries 
in  a  manner  very  similar  to  that  noted  above  as  occurring  in  the  lymphatic 
capillaries. 

The  Lymphatic  Follicles. 

In  -various  parts  of  the  digestive  organs  there  are  to  be  found,  situated 
within  the  mucous  and  submucous  tissues,  and  also  in  the  spleen  and  the 
lymphatic  glands,  either  projecting  from  their  surface  or  appearing  on  section, 
nnaU  spherical  bodies  of  the  size  of  a  millet  seed — the  so-called  Follicles  (see 
the  article  devoted  to  the  digestive  tract  and  the  spleen).  From  the  descrip- 
tioii  given  by  Briicke,  it  was  already  known  that  the  solitary  follicles  of  the 
intestine  and  of  Peyer's  patches  stood  in  intimate  relation  to  th^  vessels  of 
the  lymphatic  system.  And  this  has  been  fully  borne  out  by  the  more  accu- 
rate modes  of  investigation  recently  adopted,  but  it  has  been  further  proved 
that  the  lymphatic  follicles  of  the  pharynx,  tonsils,  and  lingual  glands  are 
also  much  richer  in  lymphatics  than  the  remaining  portions  of  the  mucous 
membrane ;  that  all  these  structu^^  consist  of  tissues  which  recur  in  the 
lymphatic  glands,  and  they  may  therefore  truly  be  accounted  a  ]>ortion  of 
^e  lymphatic  apparatus.  We  must  commence  with  the  description  of  the 
follicles  on  this  account  also,  that  tiiey  represent  a  very  simple  t3rpe  of  the 
lymphatic  gland. 

Ilie  follicular  tissue  (adenoid  substance  of  His,  cytogenic  tissue  of  Kolliker) 
is  characterized,  first,  by  its  reticulum,  and  secondly,  by  the  lymph  corpuscle- 
like  oella  which  are  adherent  to  the  reticulum. 

The  RBTicuLUif,  first  demonstrated  by  Billroth,  consists  of  very  fine 
fihrils  varying  in  their  thickness,  which  for  the  most  part  pursue  a  straight 
coarse,  and  form  a  close  network,  the  meshes  of  which  are  only  sujQ&ciently 
hage  to  contain  a  few  lymph  corpuscles  in  each.  The  fibrils  when  fresh  are 
ezteordinarily  pale,  present  a  homogeneous  appearance,  and  are  distinguished 
from  elastic  fibres,  to  which,  after  the  hardening  of  the  gland,  they  present 
some  similarity,  by  their  lustre,  and  especially  also  by  their  chemical  char- 
acters ;  acetic  acid  and  soda  making  them  swell  up  so  strongly  that  they 
can  no  longer  be  perceived.  The  nodal  points  of  this  plexus  are  usually 
very  small,  and  exhibit  nuclei,  but  whether  these  are  simply  adherent  to  or 
contained  within  peculiar  cells  occupying  the  interior  of  l^e  substance  of 
ihe  filxils  remains  to  be  ascertained. 

The  lymph  corpuscle-like  cells,  which  constitute  by  far  the  greatest  part 
of  the  follicular  tissue,  become  isolated  with  extraordinary  facility.  They 
are  contained  in  the  milky  fluid  which  flows  when  sections  are  made,  and 
dliflfer  in  some  respects,  and  especially  in  their  size,  from  one  another  (see 
lymph).  The  fibnls  of  the  reticulum,  situated  at  the  periphery  of  the  fol- 
lide,  are  in  direct  connection  with  the  intercellular  substance  of  the  sur- 
rounding connective  tissue ;  they  attach  themselves  also  to  the  blood-vessels, 
Aiftd  especiaUy  to  the  capillaries,  which  traverse  the  follicle  in  the  form  of  a 
wide-meahed  plexus.  The  vessels  are  thus  supported  by  a  frame-work  of 
fibrils,  and  hang  freely  in  the  spaces  of  the  meshes. 

The  relations  of  the  lymphatic  vessels  are  of  special  interest.  It  has  been 
A  subject  of  dispute  whether  the  follicles  are  rich  or  poor  in  lymphatics ;  the 
preacaioe  of  lymphatic  vessels  in  the  follicles  has  even  been  altogether  denied. 
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and  the  conclusion  drawn  that  the  follicles  are  of  no  special  importance  in 
the  lymphatic  system.  It  is  tnie  that  lymphatic  vessels  are  not  present  in 
the  interior  of  each  individual  follicle ;  for  even  the  most  complete  injection 
of  the  lymphatic  vessels  of  the  intestinal  canal,  as  was  pointed  out  hy  Teich- 
mann,  leaves  the  interior  of  the  follicles  free,  whilst  Frey's  injections  of  the 
tonsils  have  shown  that  here  also,  however  abundantly  lymphatics  are  dis- 
tributed through  the  whole  organ,  none  are  present  in  the  individual  folli> 
cles.  These  injections  have,  however,  shown  that  the  surface  of  each  folli- 
cle is  invested  by  an  extraordinarily  close  network  of  lymphatic  vessels,  the 
several  branches  of  which  are  widely  separated  from  those  of  the  neighbor- 
ing follicles.  The  results  of  the  investigations  of  His  and  Recklinghausen 
have  further  shown,  and  the  same  thing  may  be  recognized  in  the  illus- 
trations accompanying  Teichmann's  work,  that  it  is  common  for  ihe  folli- 
cles of  the  intestine  to  be  surrounded  by  a  lymph  lacuna,  and  for  the 
lymphatic  plexuses  to  have  become  so  close  that  tiie  several  tubes  coalesce 
with  one  another  to  form  a  single  spheroidal  fissure.  These  lacuns  or 
lymph  sinuses  (according  to  His)  in  some  instances  surround  nearly  the 
whole  surface  of  the  follicle,  leaving  only  that  extremity  or  pole  uncovered 
which  is  directed  towaids  the  surface  of  the  mucous  membrane ;  the  folli- 
cle therefore  hangs  freely  in  the  lymph  path,  or  in  what  we  may  consider  as  an 
enormously  dilated  portion  of  it.  That  we  are  here  dealing  with  lymphatic 
lacunae,  analogous  to  the  lymph  sacs  of  the  Amphibia,  and  not  with  simple 
interstices  or  spaces  between  the  tissues,  is  obvious  from  the  action  of  solu- 
tions of  silver,  which  bring  into  view  a  distinct  epithelium  immediately  con- 
tinuous with  that  lining  the  efferent  or  larger  tubes  of  the  lymphatics.    • 

The  follicles  of  the  digestive  tract  must  therefore  undoubtedly  be  regarded 
as  belonging  to  the  lymphatic  system ;  they  probably  form  lymph  cells  in 
their  interior,  which  pass  into  the  Ijrmph  lacunas,  and  then  constitute  ordi- 
nary lymph  corpuscles.  The  relations  of  the  epithelium  investing  the  fol- 
licle on  the  surface  directed  towards  the  lymph  lacuna,  and  the  presence  or 
absence  of  persistent  openings  for  the  passage  of  lymph  corpuscles,  are 
points  that  still  remain  to  .be  elucidated. 

Relations  to  the  Ijrmphatic  system,  of  so  intimate  a  nature  as  this,  have, 
up  to  the  present  time,  only  been  demonstrated  in  the  above-mentioned 
follicles,  whilst  really  nothing  is  known  respecting  the  lymphatics  of  the 
well-known  Malpighian  corpuscles  of  the  spleen,  though  they  otherwise  agree 
in  structure  with  the  follicles  of  the  intestine ;  and  we  are  equally  ignorant 
of  the  lymphatics  of  the  rest  of  the  splenic  tissue.  The  relations  of  the 
Thymus,  again,  which  essentially  consists  of  follicular  tissue,  to  the  lym- 
phatic vessels,  has  also  not  hitherto  been  demonstrated. 

Lastly,  there  are  also  found  in  certain  organs  composed  of  connective 
tissue,  as  the  peritoneum  and  pleura  of  Mammals,  and  the  mesentery  and 
urinary  bladder  of  the  frog,  such  large  accumulations  of  lymph  corpuscle- 
like  cells  in  the  interior  of  very  vascular  regions,  as  to  cause  them  to  pre- 
sent the  greatest  similarity  to  the  follicular  tissues,  though  here,  again,  no 
intimate  relation  to  the  lymphatic  vessels  is  capable  of  being  demonstrated. 
It  is  noticeable,  however,  that,  in  regard  to  the  chief  division  of  the  blood- 
vessels, these  struct\iros  differ  from  diose  of  the  lymphatic  follicles  proper  ; 
for  whilst  in  the  latter  tlie  main  tioinks  are  distributed  upon  the  surface, 
the  artery  occupies  a  central  position  in  each  follicle  of  the  spleen,  so  that 
these  appear  to  represent  a  dilatation  of  the  tunica  adventitial  on  the  other 
hand,  veins  are  altogether  absent  in  the  interior  of  the  splenic  follicles.  All 
these  differences  in  the  arrangements  of  the  vascular  system  are,  however, 
insufficient  to  justify  us  in  attributing  to  these  structures  a  function  di£% 
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ferent  from  that  of  the  lymphatic  follicles  of  the  digestive  tract ;  they,  too, 
probably  constitute  centres  of  development  for  the  lymphatic  cells  which 
ire  carried  away  from  the  splenic  follicles,  not  indeed  by  the  agency  of  lym- 
phatic vessels,  but  by  other  passages,  as  by  the  veins  which  form  a  very 
dense  investing  plexus  around  them  (Basler),  and  by  the  analogous  struc- 
tnm  of  the  serous  membranes  consequent  upon  their  communication  with 
the  above-described  cavities. 

The  Lymph  Glands,  Glandule  LYMPHATicie! 

Up  to  a  very  recent  period,  the  structure  of  the  lymphatic  glands  was 
ckned  with  those  in  which  no  efferent  duct  could  be  discovered.  The  lym- 
phatic vessels  were  seen  to  penetrate  the  surface  of  the  gland  at  numerous 
points,  as  the  vasa  afferentia,  and  to  emerge  from  the  hilus  of  the  gland  as  vasa 
efferentia ;  but  in  the  interior  of  these  organs  the  lymph  path,  especially  in 
its  relation  to  the  glandular  structure,  was  in  the  highest  degree  obscure. 
Hia,  in  the  first  instance,  and  subsequently  Frey  and  Teichmann,  have  fur- 
nished intelligible  accounts  of  their  structure ;  and  although  their  descrip- 
tions certainly  differ  in  some  few  points,  it  nevertheless  appears  to  me  that 
these  differences  are  of  a  subordinate  nature,  and  that  we  may  now  consider 
a  perfectly  clear  description  can  be  given  of  all  the  structural  an-angements 
presented  by  these  glands. 

The  lymphatic  ^[iands  exhibit,  not  only  in  different  species  of  animals, 
but  also  in  one  and  the  same  individual,  a  varying  structure  which  is  un- 
doubtedly difficult  to  define ;  the  first  examination  of  preparations  of  the 
lymphatic  glands  produces  a  very  confused  impression,  as  may  best  be  \m- 
derstood  if  it  be  borne  in  mind  that  the  variability  which  in  general  charac- 
terixes  the  lymphatic  system  manifests  itself  especially  in  the  structure  of 
these  organs.  The  lymph  paths  in  particular  exhibit  the  greatest  variations 
in  form,  sometimes  being  tubular  and  at  others  fissure-like  or  lacuniform, 
both  constantly  and  for  the  most  part  very  suddenly  passing  into  each  other. 

In  the  larger  and  generally  also  in  the  smaller  lymphatic  glands,  two 
substances  are  distinguishable  (fig.  80),  which  may  be  designated  the  cor- 
tiad  (a),  and  medullary  (fi). 

It  is  true  that  these  names  cannot  be  taken  in  a  strict  sense,  since  if  the 
Bedullsry  substance  be  r^arded  as  occupying  a  central  position  surrounded 
hj  the  cortical  substance,  we  not  unfrequently  find,  on  the  contrary, 
OQDsiderable  portions  presenting  themselves  at  the  surface  of  the  glands, 
and  this  elsewhere  than  at  the  bottom  of  the  depression  which  represents 
the  so-called  hilus  of  the  gland,  and  is  occupied  with  connective  tissuft,  the 
tisBiie  of  the  hilus.  In  the  subcutaneous  lymphatic  glands  of  the  dog,  for 
example,  the  medullary  substance  constantly  appears  at  the  surface,  forming 
spots  which  may  be  easily  recognized  with  the  naked  eye  by  their  white 
color,  and  are  frequently  separated  from  the  remaining  portions  of  the 
^and  by  a  yellowish  pigmentary  border.  In  these  glands  no  true  hilus  is 
present  It  cannot  be  maintained  that  a  sharp  distinction  exists  between 
the  two  substances,  and  we  shall  hereafter  see  that  there  is  no  essential 
difference  of  structure;  but  that  the  follicles  of  the  cortex,  which  are 
nsually  regarded  as  characteristic  of  it,  find  their  complete  analogy  in  the 
medaUaiy  substance. 

Nevertheless  it  is  advantageous,  in  the  first  instance,  to  distinguish  be- 
tween the  two  substances,  since  in  many  animals  the  difference  between 
tliem  ii  even  macroscopically  very  perceptible,  as  in  the  ox  and  horse,  in  both 
of  which  the  medullary  substance  presents  an  intensely  brown  color.    The 
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finer  points  of  structure  are  best  defined  and  most  clearly  visible  in  the  ox, 
and  it  was  therefore  very  fortunate  that  His  chose  the  glands  of  this  animal 
for  his  investigations.  If  sections  be  made  from  fresh  glands,  especially 
with  high  powers,  we  usually  see  only  a  homogeneous  tissue,  in  which  small 

Fig.  80. 


Fig.  80.  Vertical  section  of  a  lymphatic  gland  from  the  Ox.  A,  cortical  sabstanoe; 
B,  modullary  substance,  a,  capsule;  a\  trabecule;  b,  follicles;  b',  follicular  coidB 
(medullaiy  cords) ;  c,  lymph  path,  designated  in  the  follicles  lymph  sinus  or  investiiig 
sinus ;  the  fine  fibres  traversing  this  are  omitted.  Preparation  macerated  in  alcohol, 
and  magnified  25  diameters. 

lymph  corpuscles,  and  indeed  successive  layers  of  cells,  are  arranged  so 
closely  that  an  intermediate  substance  is  only  apparent  at  the  very  thinnest 
parts  of  the  sections.  For  the  purpose  of  demonstrating  the  different  struc- 
tures, it  is  expedient  in  the  first  instance  to  harden  the  glands ;  and  this 
can  best  be  accomplished  by  maceration  in  alcohol,  after  which  extremely 
fine  sections  must  be  washed,  or  still  better,  gently  pencilled  out  When 
this  fias  been  done,  sections  of  the  medullary  sitbstance  are  found  to  present 
a  dotted  character ;  these,  however,  are  not  complete  perfoi*ations,  but  are 
distinguished  from  the  denser  tissue  in  consequence  of  their  much  greater 
transparency,  and  also  by  the  circumstance  that  they  contain  the  pigment, 
and  this  in  the  most  marked  manner  in  the  ox ;  with  still  higher  powers 
(see  fig.  81),  we  see  that  they  are  traversed  by  fine  fibres  which  are  fre- 
quently arranged  in  a  stellate  manner,  and  often  contain  nuclei  or  cells  to 
which  granular  masses  of  pigment  cleave.  These  fibiils  unite  to  form 
thicker  vasciculi  of  connective  tissue,  the  trabecvIaSy  which  are  not  unfre- 
quently  flattened ;  they  lie  always  in  the  centre  of  the  above-mentioned 
spaces,  and  constitute  the  main  trunk  from  the  sides  of  which  the  fine 
fibrils  of  the  reticulum  are  frequently  given  off  nearly  at  right  angles ;  the 
latter  are  then  attached  on  the  other  side  to  the  cords  of  the  compact  sub- 
stance (meduUary  cords  of  Kolliker ;  medvUa/ry  tubes  of  His ;  lymph  tube* 
of  Frey). 
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These  medullary  cords  (fig.  81)  have  the  same  structure  as  the  tissue  of 
the  Ijrmphatic  follicles  (see  above),  consisting  consequently  of  a  reticulum  of 
fibres  enclosing  lymph  corpuscle-like  cells,  and  may  correctly  be  termed 
follicular  structures,  or  follicular  cords.  The  reticulum  is  distinguished 
from  the  fibrous  tissue  of  the  light  spaces  by  the  circumstance  that  the 
fibrik  are  individually  finer,  and  the  meshes  of  the  plexus,  especially  in  the 
peripheric  layers,  are  much  smaller. 

Fig.  81. 


Fig.  81.  Section  of  the  medullary  substance  of  a  lymphatic  gland  from  the  Ox.  a, 
fofliwilar  oords;  d,  trabecolsB;  0,  lymph  path.     Magnified  120  diameters. 

For  their  most  remarkable  peculiarity — ^namely,  their  want  of  transpa- 
rency, as  compared  with  the  light  spots — the  follicular  cords  are  indebted 
to  tiie  large  number  of  these  cells.  It  must  be  admitted,  however,  that  this 
most  obvious  difference  between  the  cords  and  the  lighter  spots  is  but 
slightly  marked  in  fine  sections  of  the  recent  or  in  thicker  sections  of  the 
hardeneil  gland  substance,  before  they  have  been  brushed  and  washed,  since 
in  the  latter  also  the  lighter  spaces  are  fully  occupied  with  lymph  corpus- 
<^  And,  on  the  other  hand,  the  differences  may  again  disappear  if  the 
brush  has  been  too  freely  used,  since  then  the  reticulum  alone  remains  in 
Ae  follicular  cords.  From  this  it  follows  that  the  lymph  corpuscles  are  by 
some  means  firmly  retained  by  the  latter,  whilst  in  the  more  transparent 
portions  of  the  lymph  path  they  lie  loose  and  unattached.  It  may  be  asked, 
how  are  the  corpuscles  fixed  in  the  reticulum  of  the  follicular  cords  ?  It  is 
probably  effected  by  the  great  compactness  of  the  reticulum  and  the  small- 
nes  of  its  meshes  which  retain  any  lymph  corpuscles  that  are  traversing  it 
either  by  a  natural  or  artificial  current,  and  it  is  also  possible  that  the  lymph 
cells  adhere  more  loosely  to  the  trabecules,  since  they  only  touch  by  a  few 
points  of  their  sar&ce. 

The  mode  of  fixation  of  the  lymph  corpuscles  is  a  matter  of  considerable 
importance.     If,  by  plunging  the  point  of  an  injection  syringe  into  its  tis- 
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sue,  we  propel  various  solutions  through  the  substance  of  a  lymphatic  gland, 
or  inject  the  organ  through  its  afferent  vessels,  we  shall  find  that  wo  are 
able  to  clear  the  more  transparent  parts  of  corpuscles  as  effectually  as  by 
brushing,  whilst  the  follicular  cords  preserve  their  cellular  contents  almost 
intact.  Only  a  very  small  amount  of  pressure  is  i*equired  to  accomplish 
this — no  more,  in  fact,  than  that  at  which  the  lymph  current  ordinarily 
traverses  the  gland.  It  may  be  fairly  maintained,  therefore,  that  the  natu- 
ral lymph  current  is  powerful  enough  to  wash  away  the  lymph  corpuscles 
contained  in  the  light  spaces ;  and  we  may  further  draw  the  conclusion  that 
each  separate  lymph  corpuscle  only  temporarily  occupies  this  tissue.  In 
other  words,  these  light  spaces  only  constitute  a  path  by  which  the  corpus- 
cles can  be  conducted  away,  whilst  the  reticulum  of  the  follicular  cords  con- 
stitutes their  proper  domicile. 

Injections  of  the  lymph  and  blood  vessels  of  the  lymphatic  glands  furnish 
evidence,  however,  of  still  other  and  more  important  differences  between 
the  lighter  spots  and  the  foUicular  cords  (see  fig.  82).  The  distribution  of 
the  blood-vessels,  properly  speaking,  only  occurs  in  the  latter;  they  alone 
contain  capillary  networks,  whilst  the  lighter  spaces  contain  only  the  larger 
blood-vessels,  which,  proceeding  from  the  trabeculae,  traverse  them  in  order 
to  reach  the  follicular  cords.  On  the  other  hand,  injections,  whether  made 
by  puncture  of  the  gland  substance  or  through  the  afierent  ducts,  prove  to 
us  that  the  light  spaces  represent  the  true  paths  pursued  by  the  Ijonph. 
They,  for  the  most  part,  fill  with  great  facility,  and  the  injecting  fluid,  if 
composed  of  thick  solutions  of  gelatine  and  some  coarsely  granular  coloring 
material,  remains  confined  and  limited  to  their  interior.  If,  however,  the 
fluid  is  more  watery,  and  the  coloring  material  very  finely  divided,  it  pene- 
trates into  the  follicular  tissue,  in  all  instances  clearly  entering  from  the 
periphery.  In  cases  where  a  very  tense  natural  injection  of  the  mesenteric 
glands  has  occun*ed  with  chyle,  it  is  easy  to  demonstrate  the  presence  of 
chyle  granules  in  the  peripheric  portions  of  the  follicular  tissue;  from 
whence  it  follows  that  the  follicular  cords  are  not  completely  excluded  from 
the  lymph  path.  Thus  it  appears  that  although  the  reticulum  is  very  com- 
pact near  their  surface,  it  will  still  permit  solid  corpuscles  to  penetrate  from 
the  lymph  path  into  the  interior  of  the  follicle,  and  therefore  conversely  it 
is  probable  that  material  particles — ^lymph  cells,  for  example — m&y  pass 
from  them  into  the  lymph  path. 

We  are  thus  able  to  differentiate  three  separate  parts  in  the  tissue  of  the 
lymphatic  glands :  (1)  the  follicular  tissue ;  (2)  the  trabeculsa  ;  and  (3)  the 
lymph  path.  And  we  must  now  follow  the  form  and  arrangement  of  Uiese 
into  further  detail.  The  trabeculss  are  direct  processes  from  the  sheath  of 
the  lymphatic  glands  (see  fig.  80),  and,  like  this,  consist  of  connective  tis- 
sue, together  with,  in  many  animals, — as  the  horse,  sheep,  and  ox, — a  con- 
siderable quantity  of  smooth  muscular  fibre  (O.  Heyfelder).  The  processes 
which  the  sheathB  give  off  towards  the  interior  of  the  lymphatic  glands  are 
at  first  flat  septa^  which,  near  the  centre,  break  up  into  cylindrical  or  sub- 
cylindrical  cords,  the  trabeculie,  which  iiltimately  become  continuous  with 
the  connective  tissue  of  the  hilus.  At  the  surface  of  the  gland  the  trabe- 
culsB  are  situated  at  a  distance  from  one  another,  and  usually,  in  conjunc- 
tion with  the  external  sheath,  enclose  alveolar-like  spaces,  in  such  a  way 
that  the  latter  are  only  uninvested  on  the  part  looking  towards  the  hilus. 
As  they  divide  into  roimded  cords,  the  trabecuhe  come  into  much  closer 
approximation ;  the  spaces  which  they  invest  are  consequently  smaller  than 
the  alveoli,  and  at  the  same  time  are  in  much  more  free  communication 
with  each  other.     The  follicular  tissue,  as  a  general  rule,  forms  rounded 
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oord-like  masses,  connected  wiih  one  another  in  a  plexiform  manner ;  these 
are  not  usually  perfectly  cylindrical,  but  present  projections,  and  are  some- 
times even  quite  moniliform.  Near  the  surface  of  the  lymphatic  glands  the 
foUicular  cords  give  off  particularly  well-marked  dilatations  of  perfectly 
globular  form,  constituting  the  granules  that^  both  on  the  surface  and  also 
on  section,  are  clearly  perceptible  to  the  naked  eye,  and  are  commonly 
described  as  follicles.  The  cortically  situated  follicles  of  the  lymphatic 
j^ds  are  thus  nothing  but  the  club-shaped  dilatations  of  the  follicular 
oords  of  the  medullary  substance,  and  may  be  the  moi*e  easily  identified 
with  the  latter,  since  not  unfrequently  large  globular  follicles  are  to  be 
found  deeply  situated  in  the  medullary  substance.  The  follicular  frame- 
work is  so  intercalated  in  the  meshes  of  the  trabecular  system,  that  the 
superficies  of  the  follicular  tissue  never  comes  into  immediate  contact  with 
the  superficies  of  the  trabecules,  and  the  spaces  which  intervene  between 
the  two  are  the  lymph  paths.     The  form  of  the  latter  consequently  agrees 

Fig.  82. 


Rg.  88.  SectioQ  of  the  medollazy  sabstanoe  of  a  lymphatic  gland  from  the  Ox.  a, 
fflPicBlar  oQtd ;  6,  trabecolsB  ;  c,  path  punaed  by  the  lymph ;  d,  blood-vessels.  Mag- 
nified 300  diametezai 

with  the  form  of  the  two  above-mentioned  tissues,  so  that  at  the  superficies 
of  the  alveolar  trunks  they  present  an  approximation  to  the  form  of  con- 
cave spherical  shells  (lymph  sinuses.  His ;  investing  spaces,  Frey) ;  whilst 
in  the  interior  of  the  gland  they  simply  assume  the  form  of  the  spaces  left 
by  the  trabecul»  of  the  follicular  network.  It  is  easy  to  demonstrate,  from 
injected  preparations,  that  the  vasa  afferentia,  which,  as  is  well  known, 
ire  distributed  on  the  surface  of  the  gland,  directly  open  into  these  concave 
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areas,  or  lymph  sinuses,  and  thus  suddenly  become  converted  from  cylin- 
drical tubes  into  lacuniform  spaces.  With  injections  of  solutions  of  silver 
it  is  particularly  easy  to  recognize  the  immediate  transition  from  one  to 
the  other,  on  account  of  the  facility  with  which  the  epithelium  of  the 
afferent  lymphatic  vessels  can  be  followed  on  the  outer  wall  of  the  lymph 
sinus.  It  is,  however,  unquestionably  a  matter  of  gi*eater  difficulty  to 
establish  the  origin  of  the  roots  of  the  vasa  efferentia  from  the  internal 
lymph  paths.  This  is  not  in  any  measure  due  to  any  difficulty  of  filling  the 
vasa  efferentia  with  injection  in  the  direction  of  the  current.  On  the  con- 
Fig.  83. 


'  Fig.  83.  Section  from  the  medullaiy  substance  of  a  mesenteric  gland  of  a  Dog, 
after  injection  with  silver,  a,  rootlets  of  the  vas  efferens,  with  a  lining  of  epithelium 
in  their  interior,  b.  Dilatations  of  the  chamieLs,  also  lined  by  epithelium,  and  contain- 
ing in  their  interior  some  gland  substance  with  a  follicular  cord  6 ;  d^  fibrils  trayers- 
ing  the  lymph  path,  upon  which,  again,  as  at  d\  an  epithelium  may  be  distinguished ; 
0,  fibrous  intervening  substance,  which  at  e'  forms  trabeculsB.    Magnified  200  dimeters. 

trary,  if  the  injection  is  sufficiently  fluid,  this  may  be  accomplished  with 
extraordinary  &kcility,  especially  when  the  mode  of  injection  by  puncture  is 
adopted.  In  such  cases  it  will  be  found  that  the  vessels  of  origin  of  the 
vasa  efiferentia  have  such  a  remarkably  moniliform  chiuracter,  and  com- 
municate so  frequently  with  one  another,  that  they  form  quite  a  cavernous 
structure.  The  several  canals  in  this  cavernous  plexus  are  so  short  that 
their  union  with  the  lymph  paths  of  the  medullary  substance  are  far  more 
difficult  to  recognize  than  if  they  were  continuous  with  a  few  elongated 
canals.  A  general  view  of  the  relations  existing  in  these  parts  may  be 
best  obtained  from  injections  with  solutions  of  silver  (see  fig.  83),  and  from 
these  it  can  be  established  that  the  branches  of  the  plexus,  which  up  to 
this  point  have  presented  an  approximatively  circular  section,  suddenly 
undergo  enormous  dilatation,  and  into  the  lumen  of  these  dilatations  the 
several  segments  of  the  medullary  substance  imbedded  in  the  hilus  sub- 
stance project,  whilst  the  connective  tissue  walls  of  the  cavernous  plexus 
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become  conturaous  with  the  trabecttke  of  the  medullary  substance.  The 
indications  of  an  epithelium  may  be  easily  traced  from  the  lymphatic  tubes 
to  the  trabeculfiB,  and  may  further  be  followed  on  them  through  the  medul- 
lary substance.  But  the  trabecul»  and  septa  at  the  periphery  of  the 
glands  exhibit  also,  in  silvered  preparations,  the  same  characteristic  indica- 
tions of  an  epithelium ;  and  I  have  so  frequently  been  able  to  satisfy  my- 
self of  the  presence  of  this,  that  I  may  venture  to  say  that  they  are  invested 
by  an  epithelium  throughout  the  whole  gland.  The  characters  of  the  lymph 
path  at  its  entrance  iuto  and  at  its  exit  from  the  gland  are  essentially  simi- 
lar. The  relations  of  the  several  parts*  may  be  most  simply  represented  by 
considering  a  rete  mirabiJe  to  be  introduced  between  them,  the  several 
branches  of  which  suddenly  diverge  from  the  extremity  of  the  afferent 
vessel,  and  then  proceed  to  divide  and  subdivide,  becoming  consequently 
more  attenuated.  These  finer  branches  perforate  the  intervening  layei*s  of 
tissue  in  all  directions,  freely -anastomosing  with  one  another,  and  finally 
suddenly  reunite  in  the  extremity  of  the  continuous  and  tubular  efferent 
vessel.  The  follicular  substance  is  chiefly  developed  in  the  dilatations  near 
the  point  at  which  the  vasa  efferentia  are  attached,  and  from  this  point 
becomes  gradually  more  and  more  attienuated,  till  it  loses  itself  on  the  lymph 
path  at  the  borders  of  the  medullary  substance. 

This  schematic  representation  of  the  arrangement  of  the  lymph  path  corre- 
sponds to  a  fact  of  no  small  importance.  Teichmann  has  shown  that  at  cer- 
tain points,  in  man  especially,  near  the  knee,  retia  mirabilia  frequently 
occur  in  the  place  of  true  lymphatic  glands,  differing  from  the  latter  in  the 
circumstance  that  the  lumen  of  the  several  branches  is  clear  and  free  from 
follicular  tissue.  Teichmann  maintains  that  the  lymphatic  glands  originate 
from  these  by  accumulations  of  lymph  corpuscles,  which  attach  themselves 
to  the  interior  of  the  vessels,  and  here  form  knots  or  clumps  composed  of 
follicular  tissue. 

This  view  of  the  mode  of  origin  of  the  lymphatic  glands,  which  is  similar 
to  that  formerly  proposed  by  !^gel  and  others,  agrees  but  little  with  the 
recent  observations  of  Sertoli,  who  found  that  lymph  canals  lined  with  epithe- 
lium first  made  their  appearance ;  around  these  the  connective  tissue  increased ; 
and  in  this,  and  consequently  external  to  the  original  lymph  path,  accumu- 
lations of  cells  occurred  to  form  the  follicular  glandular  substance. 

The  atmctiiial  arrangements  here  deeciibed  as  exisfcmg  in  the  lymphatio  glands  can 
be  most  easily  recognized  in  the  glands  of  the  ox  and  sheep.  The  glands  of  other  mam- 
mals, and  of  man,  present  difficulties  which  are  easily  set  aside  if  the  fundamental 
stractnre  of  the  lymphatio  glands,  as  we  now  understand  it,  proves  to  be  correct  In 
the  lymphatic  glands  of  oxen,  the  lymph  path  and  foUicnlar  tissue  may  be  distingnished 
with  precision, (1)  because  the  fibrous  framework  of  the  lymph  path  is  beset  with  pig- 
ment both  in  the  medullaiy  and  the  cortical  substance,  whilst  the  follicular  tissue  is 
eolorless;  (2)  because  the  follicular  tissue  through  the  entire  medullaiy  substance 
forms  continaons  uninterrupted  cords,  which  for  the  most  part  exceed  the  lymph  paths 
m  breadth.  In  the  lymphiUiio  glands  of  man  and  the  dog  the  relations  of  the  medul- 
lary tissne  are  somewhat  different,  the  lymph  path  here  occupying  relatively  a  much 
greater  space  than  the  follicular  substance.  Moreover,  the  trabecular  wyttem  is  mudb 
leas  completely  developed,  and  it  is  not  every  section  of  the  lymph  path  which,  as  in 
the  lymph  glands  of  the  ox,  is  traversed  throughout  its  whole  length  by  a  trabecula; 
for  sometimes  the  position  of  the  trabecula  is  not  distinguishable,  so  that  between  two 
neighboring  follicular  ooids  there  appears  only  a  homogeneous  framework  of  fibrils : 
whilst  sometimes  closer  plexuses  are  formed  by  these  fibres,  which  present  nodal 
pointe  analogous  to  the  trabeculso.  Lastly,  the  follicular  cords,  especially  in  the  lym- 
phatic glands  of  man,  present  less  sharply  defined  surfaces  towards  the  lymph  path 
than  in  the  ox,  the  reticulum  is  of  looser  structure,  and  the  lyoi^  corpuscles  adhere 
less  firmly ;  and  thus,  l^  the  too  firm  use  of  the  brush,  appearanoeaitte  eaeilyt^Btained, 
•I  which  it  IS  much  more  difficult  to  give  a'satisfaotmy  explanation  than  in  pxepusations 
16 
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obtained  from  the  oz.  Lastly,  it  is  to  be  remarked  that  the  proper  lymph  tabes  pen- 
etrate far  deeper  into  the  medullary  substance.  The  lymphatic  glands  of  man  and  the 
dog,  again,  differ  essentially  inter  86  in  this  point,  that  in  man  a  highly  developed  hilus 
substance  is  present,  giving  a  correspondingly  distinct  renif  orm  shape  to  the  glands, 
and  only  absent  or  sparingly  developed  in  those  of  the  mesentery,  whilst  it  is  usually 
altogether  absent  in  the  lymphatic  glands  of  the  dog,  whilst  the  medullary  substance 
and  the  efferent  vessels,  as  already  mentioned,  are  much  more  visible  upon  the  surf  ace. 
The  lymplubtio  glands  of  the  pig  exhibit  peculiarities  of  quite  an  opposite  character* 
here  the  follicuUur  structure  preponderates  in  extent  over  the  lymph  path,  and  nodal 
'dilatations  appear  throughout  the  entire  medullary  substance  on  the  follicular  cords ; 
that  is  to  say,  true  f olUdes  are  formed,  which  make  their  appearance  on  section  when 
examined  with  the  naked  eye,  and  the  lymph  path  is  so  narrow  that  its  injection  can 
only  here  be  effected  with  the  greatest  difficulty.  According  to  Franz  Schmidt,  in 
other  parts  of  the  body  of  the  pig,  as  in  the  pharynx,  exceedingly  strongly  developed 
follicles  are  found ;  but  it  requires  still  further  investigation  to  determine  whether 
this  is  a  consequence  of  the  fattening  of  these  animals,  as  Schmidt  thinks,  or  whether 
it  results  from  some  peculiarity  of  this  genus. 

A  more  exact  investigation  is  still  required  in  order  to  determine  the  relations  of 
the  epithelia  to  the  several  tissues  of  the  lymphatic  glands.  I  have  been  unable  to 
discover  any  epithelial  layer  on  the  follicular  oorda  The  mode  of  connection  of  the 
fibrous  framework  with  tiie  epithelium  is  of  special  interest  I  have  frequently  dis- 
tindJy  seen  that  epithelial  cells  are  continued  from  the  surfeuse  of  the  trabeculie  upon 
the  thicker  fibrils  (see  fig.  83,  d) ;  these  consequently  possess  an  epithelial  investment 
of  the  same  kind  as  the  nerves  which  traverse  the  lymph  sacs  of  the^frog.  It  still  re- 
mains to  be  ascertained  whether  this  relation  is  generally  present  or  is  only  partial,  and 
whether  the  follicular  cords,  as  has  hitherto  appeared  to  me,  are  destitute  of  epithelial 
cells,  and  thus  lie  naked  in  the  lymph  path. 

The  Chyle,  or  milk-white  fluid  formed  during  digestion,  and  contained  in 
the  lymphatics  of  the  intestine,  and  the  Lyhph,  which  is  the  colorless, 
slightly  opalescent  fluid  contained  in  the  remaining  portions  of  the  lympha- 
tic system,  coagulate  like  the  blood,  and  then  separate  into  an  albuminous 
serum,  and  a  clot,  which  last  contains  the  morphological  elements — the 
lymph  corpuscles  or  cells.  In  addition  to  these  there  are  found,  though  in 
very  vaiiable  proportion,  small  granules  of  rather  high  refractive  index, 
which  were  formerly  termed  elementary  granules,  and  are  in  all  probability- 
minute  drops  of  oil.  In  the  chyle  there  are  also  extremely  small  points  like- 
wise consisting  of  oil,  and  termed  the  molecular  base  of  the  chyle ;  these  are 
present  in  such  enormous  numbers  as  to  impart  to  the  chyle  its  opacity  and 
dense  white  appearance ;  lastly,  there  are  red  blood  corpuscles.  The  lymph 
corpuscles  are  now  universally  admitted  to  be  identical  in  all  their  charac- 
ters with  the  colorless  corpuscles  of  the  blood.  They  show  in  particular  the 
same  constantly  varying  form  and  the  same  phenomena  of  contractility,  as 
long  as  they  are  living ;  whilst  they  assume  the  spheroidal  form,  which  was 
formerly  considered  to  be  their  natural  shape,  as  soon  as  they  die.  The 
manipulations  that  up  to  a  recent  period  were  adopted  for  microscopical  ex- 
amination very  easily  kill  them,  and  thus  a  fatal  effect  is  produced  by  evap- 
oration, by  the  addition  of  water,  or  of  saline  solutions  containing  more  than 
2  per  cent,  of  salt.  Even  mechanical  agencies,  as  the  weight  of  the  covering 
glass,  are  suflident  to  rapidly  extinguii^  all  indications  of  life.  Whilst  the 
'substance  of  the  lymph  cells  during  life  is  highly  refractile,  and  even  pos- 
sesses a  peculiar  brilliancy,  it  becomes  paler  and  dull  after  death ;  coinci- 
dently  there  appear  small  points  (perhaps  fat  drops)  in  its  interior,  and  in 
their  centre  a  nucleus  which  is  u^ially  strcmgly  granular.  The  corpuscles 
of  the  lymph,  like  the  colorless  corpuscles  of  the  blood,  are  not  all  exactly 
alike ;  thus  there  are  some  which  present  a  granular  character,  whilst  others 
present  the  form  of  very  large  cells  vidth  multiple  nuclei,  and  others,  again, 
are  very  small,  and  were  formerly  not  recognized  as  true  cells,  but  were  de- 
scribed as  free  nuclei.     Undoubtedly  in  the  latter  by  £ur  the  greatest  part  of 
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ihe  body  is  occupied  by  the  nucleus,  so  that  this  is  often  only  invested  by 
an  extremely  thin  layer  of  extraordinarily  pale  cell  substance,  which  very 
easily  undergoes  disintegration.  Lastly,  we  also  sometimes  iind  in  Mam- 
mals and  Amphibia  large  lymph  corpuscles  with  brown  granules  in  their  in- 
terior, thus  constituting  pigment  cells.  In  the  various  sections  of  the  lym- 
phatic vascular  system  the  quantity  of  these  elements  varies,  and  they  es- 
pecially differ  in  their  number  according  to  whether  the  organs  from  which 
the  lymph  vessels  proceed  are  in  a  state  of  rest  or  activity. 

From  whence  now  do  these  various  morphological  elements  flow  ?  Where 
is  their  place  of  origin  ?  Formerly  it  was  believed  that  they  only  origin- 
ated in  the  lymph  path,  and  the  elementary  granules  were  regarded  as  rep- 
resenting the  very  commencement  of  organization  ;  and  even  within  a  very 
recent  period  it  has  been  sought  to  establish  the  view  that  the  lymph  fol- 
licles and  the  lymphatic  glands  are  the  only  seats  of  origin  of  the  lymph 
corpuscles,  and  that  these  continue  to  increase  by  fission  after  their  entrance 
into  the  lymph  path ;  but  such  processes  of  division  have  not  been  observed  in 
any  trustworthy  manner,  and  I  have  only  once  had  an  opportunity  of  directly 
observing  under  the  microscope  how  out  of  a  lymph  cell  a  yoxmg  lymph 
corpuscle  situated  near  the  nucleus  was  suddenly  ejected ;  I  was  not,  however, 
able  to  ascertain  how  it  originated.  The  fomiation  of  lymph  cells  in  the 
follicles  of  the  lymphatic  glands,  on  the  other  hand,  can  at  least  indirectly 
be  demonstrated;  for  the  lymph  which  is  carried  by  the  vasa  efferentia 
from  the  glands  is  always  far  richer  in  cells  than  that  which  is  flowing 
towards  them,  and  moreover  the  lymphatic  vessels  which  come  from  the 
intestinal  follicles,  and  especially  from  the  Peyer's  patches,  furnish  a  lymph 
containing  a  far  gi*eater  number  of  cells  than  the  rest  of  the  lacteals  (Kol- 
Uker).  The  follicular  substance  of  the  lymphatic  glands  is  probably  to  be 
regarded  as  the  chief  formative  centre  for  the  lymph  cells  ;  it  would,  how- 
ever, be  going  too  far  to  say  that  the  lymph  corpuscles  proceed  exclu- 
sively from  the  lymphatic  glands.  The  very  precise  observations  of  Herbst 
and  Teichmann  show  that  cells  are  already  contained  in  the  lymph  of  man 
and  mammals  before  it  has  traversed  the  lymphatic  glands.  In  all  proba- 
bility such  corpuscles  proceed  from  the  connective  tissue  in  which  the  lym- 
phatic capillaries  are  distributed,  and  in  the  form  of  contractile  connective 
tissue  corpuscles  may  easily  have  migrated  frx)m  the  serous  canals  into  these 
capillaries.  It  is  impossible  to  ascribe  the  ofiice  of  the  formation  of  lymph 
corpuscles  exclusively  to  the  follicular  apparatus,  or  even  to  the  lymphatic 
glands,  because,  so  far  as  we  at  present  know,  true  lymphatic  glands  are 
absent  in  the  Amphibia,  notwithstanding  the  abundance  of  cells  in  their 
lymph. 

According  to  this,  the  question  of  the  arrival  of  the  lymph  corpuscles  in 
the  peripheric  plexuses  of  the  lymphatics  is  connected  with  the  question  of 
the  origin  of  the  migrating  connective  tissue  cells.  In  obtaining  a  reply  to 
thc^se  inquiries,  the  researches  very  recently  made  by  Cohnheim,  and  subse- 
quently by  F.  A.  Hoffmann,  under  my  direction,  in  regard  to  the  genesis  of 
the  pus  corpuscles,  are  of  great  importance,  since  the  characters  of  the  latter 
agree  in  all  respects  with  the  lymph  corpuscles,  migrating  connective  tissue 
corpuscles,  and  colorless  blood  corpuscles.  Insoluble  coloring  matters  are, 
it  is  well  known,  rapidly  absorbed  by  all  these  contractile  cells  when 
brought  into  contact  with  them.  If,  now,  some  such  coloring  matter, 
capable  of  being  easily  recognized  (for  which  purpose  vermiHon  is  best 
adapted),  be  introduced  into  the  bloodvessels  of  a  Uving  animal,  the  color- 
less corpuscles  take  up  the  particles  into  their  interior ;  i^  at  the  same  time, 
on  inflammatory  process  be  excited  in  some  organ,  as  in  the  cornea,  pus 
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coi-puscles  containing  this  coloring  matter  may  be  met  with  in  the  inflamed 
connective  tissue,  and  even  in  the  healthy  cornea,  but  it  is  especially  in  the 
loose  interstitial  connective  tissue  that  some  migrating  corpuscles  contain- 
ing the  pigment  may  be  discovered.  We  can  only  draw  the  conclusion  from 
thjuB,  that  such  corpuscles  must  have  been  sufficiently  approximated  to  the 
circulating  blood  to  be  able  to  withdraw  the  pigment  from  the  blood.  The 
simplest  view  is  that  they  have  entered  in  the  blood  itself,  and  thus,  pre- 
vious to  their  migration  into  the  tissues,  were  colorless  blood  corpuscles.  On 
this  ground  Cohnheim  is  opposed  to  the  theory  of  Virchow,  according  to 
which  the  pus  corpuscles  originate  in  the  connective  tissue  itself,  and  main- 
tains that  pus  corpuscles  are  nothing  but  vagrant  colorless  corpuscles,  and 
consequently  are  formed  in  those  organs  to  which  we  refer  the  origin  of  the 
latter ;  that  is  to  say,  in  the  spleen  and  lymphatic  glands.  The  immediate 
consequence  of  this  doctrine  is  that  the  healthy  migrating  connective  tissue 
corpuscles,  as  well  as  the  lymph  corpuscles  of  the  peripheric  lymphatics, 
must  be  brought  to  the  tissues  with  the  blood,  and  that  both  originate  in 
the  spleen  and  lymphatic  glands ;  the  latter,  however,  in  the  circuit  of  the 
blood  through  them,  would  certainly  furnish  similar  cells  to  those  which  are 
brought  to  them  in  the  vasa  afferentia,  which  would  also  pass  out  by  the 
vasa  efferentia.  There  are  still  some  additional  grounds  of  support  to  be 
^  adduced  for  this  doctrine  of  the  migration  of  the  colorless  blood  corpuscles. 
Cohnheim  in  particular  rests  upon  direct  observation  of  the  first  stages  of 
inflammation  in  the  exposed  mesentery  of  the  frog,  where  he  saw  the  color- 
less corpuscles,  which,  as  usual  whenever  the  blood  current  is  retarded, 
accumulate  in  the  lateral  quiescent  layer,  and  traverse  the  vascular  walls, 
especially  those  of  the  veins,  in  order  to  migrate  in  the  well-known  mode ; 
and  thus  the  observation  formerly  made  by  Waller  *  in  1846,  but  again  for- 
gotten, except  in  England,  under  the  predominant  influence  of  Yirchow's 
teaching,  has  reassumed  its  proper  position.  Hering  has  moreover  ob8ei*ved 
in  the  mesentery,  when  spread  out  under  the  microscope,  that  the  escaped 
colorless  blood  corpuscles  enter  into  the  lymphatic  vessels  ensheathing  the 
bloodvessels,  in  order  to  be  transported  to  other  parts  as  lymph  corpuscles. 
On  these  grounds  we  shall  certainly  be  inclined  to  regard  this  doctrine  as 
well  founded ;  nevertheless,  in  spite  of  considerable  attention  to  this  ques- 
tion, I  have  been  unable  to  arrive  at  any  very  positive  conclusion,  and  can- 
not avoid  making  a  few  observations.  In  the  iirst  place,  it  is  certainly  not 
easy  to  follow  a  particular  corpuscle  through  its  whole  course  from  the  blood 
current  through  the  venous  wall  into  the  surrounding  tissue,  or  to  exclude 
ihe  suspicion  that  the  escaped  cells  proceed,  not  from  the  vascular  wall,  but 
from  the  adjoining  connective  tissue  layers ;  secondly,  the  migration  does  not 
occur  inmiediately  after  the  exposure  of  the  mesentery,  but  only  after  the  lapse 
of  some  hours,  when  the  most  serious  retardations  and  disturbances  of  the 
circulation  have  occurred.  It  is  true  I  have  been  able  to  observe  the  mi- 
gration of  colorless  blood  corpuscles  under  much  more  favorable  cir- 
cumstances, and  without  remarkable  alterations  of  the  blood  current,  in  the 
tail  of  narcotized  tadpoles,  not  only  in  the  capillaries,  but  in  the  small  veins 
and  arteries,  and  on  these  grounds  I  shoidd  not  object  to  accept  the  doctrine 
that  the  migrating  cells  of  the  connective  tissue  proceed  from  the  blood  cur- 
rent, were  it  not  that  (1)  in  consequence  of  the  narcotization,  a  certain 
retardation  of  the  circulation  was  present ;  (2)  that  it  was  embryonal  tissue 
that  was  under  examination ;  and  (3)  that  other  observations  are  adducible, 
admonishing  us  that,  with  such  movable  elements,  and  stinictures  so  disposed 

*  B.  Kosmski,  Wiener  Med.  Woeheneehrift,  1868,  Noe.  56  and  57. 
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to  wander,  we  must  exercise  extreme  caution.  I  have  especially  observed 
that  not  only  colorless  cells  escape  from  the  blood  path,  but  that  migrating 
corpuscles  of  the  connective  tissue  penetrate  into  its  interior.  After  their 
entrance  they  creep  along  with  long  processes  applied  to  the  wall,  in  order 
again  to  escape  at  another  point.  What  should  we  say  if,  in  ike  above 
(^servations  upon  the  mesentery,  the  escaping  cells  prove  to  be  only  such 
penetrating  cells,  which  have  entered  either  at  a  neighboring  point  of  the 
vascular  wall  (either  of  a  vein  or  a  capillary),  or  perhaps  have  crept  on  to  a 
more  distant  point  in  the  arteiies,  or  have  ori^^nally  been  formed  in  the 
surrounding  tissue  ? 

Whether  the  lymph  corpuscles  and  the  migrating  connective  tissue  cells 
originate  in  the  place  where  they  are  met  with,  and  become  converted  into 
immovable  connective  tissue  corpuscles,  as  I  have  already  stated  is  not 
impossible,  or  whether  they  are  broiight  to  the  tissues  from  some  distant 
point  in  the  blood  current,  the  above  experiments  so  far  afford  evidence  that 
they  must  move  in  spaces  which  stand  in  direct  communication  with  the 
interior  of  the  bloodvessels.  The  larger  the  quantity  of  vennilion  that  is 
introduced  into  the  blood  current,  so  much  the  more  abundant  are  the  cor- 
puscles containing  pigment  discoverable  in  the  lymph  sacs  of  the  frog. 
Hering  found  that  in  narcotization  with  opium  lasting  for  some  hours,  the 
lymph  vessels  of  the  liver  became  extraordinarily  rich  in  lymph  corpuscles, 
together  with  red  corpuscles ;  and  Toldt  observed  that  if  insoluble  anilin  was 
simultaneously  introduced  into  the  blood  current,  the  lymph  paths  in  the 
medullary  substance  of  the  lymphatic  glands  of  the  liver  became  tightly 
packed  with  blue-tinted  cells  (admittedly  without  the  presence  of  free  pig- 
ment granules),  between  which  were  heaps  of  red  blood  corpuscles.  The 
red  blood  corpuscles  constantly  present  in  the  lymph,  and  especially  abun- 
dant in  the  chyle,  were  sometimes  formerly  regarded  as  being  developed  in 
the  lymph  path  from  lymph  corpuscles,  but  more  recently  they  have  been 
considered  to  enter  ihe  lymph  path  by  rupture  of  the  vessels.  According 
to  still  more  recent  experiments,  however,  showing  the  permeability  of  the 
walls  of  the  bloodvessels  (see  the  section  on  the  bloodvessels),  and  the  con- 
nection of  the  blood  capillaries  with  the  serous  canals,  the  presence  of  red 
blood  corpuscles  is  no  longer  remarkable.  The  serous  exudations  found  in 
the  larger  cavities  of  the  body  exhibit  in  all  their  charactera,  in  their  capa- 
bility of  coagulation,  as  well  as  in  the  number  and  nature  of  their  cellular 
elements,  in  their  noi-mal  condition  at  least,  the  most  complete  coincidence 
with  the  lymph ;  it  may,  however,  be  remarked  that  it  is  not  uncommon  to 
meet  in  them  with  the  large  so-called  granule  spheres,  which,  when  freshly 
examined,  possess  numerous  contractile,  constantly  varying,  extraordinarily 
fine  fibrils  or  pseudopodia  on  their  surface,  and  probably  have  swallowed 
the  granules  which  are  imbedded  in  their  substance. 
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CHAPTER  X. 

THE  SPLEEN. 

By  WILHELM  MtjLLER, 

OF  JEKA. 

The  structuie  of  the  spleen  is  intimately  associated  with  that  of  the  lym- 
phatic glands.  In  both  organs  numerous  trabecul»  proceeding  from  the 
a4)sule  divide  and  subdivide,  containing  in  many  animals  muscular  tissue, 
the  conti-action  of  which  effects  a  shortening  of  certain  vascular  channels 
and  the  evacuation  of  the  fluids  contained  in  the  parenchyma.  In  both 
oz^gans  the  cytogenous  or  adenoid  tissue  is  employed  to  invest  at  least  a 
portion  of  the  bloodvessels  with  sheaths  containing  numerous  cells,  the 
rounded  appendices  of  which,  rich  in  capillaries,  constitute  the  follicles  of 
the  lymphatic  glands  and  the  so-called  Malpighian  corpuscles  of  the  spleen* 
In  both  organs  the  wall  of  certain  vessels  undergoes  a  peculiar  modification, 
characterized  by  ihe  breaking  up  of  the  tissue  into  a  plexus  of  embryonal 
cells,  the  interstices  of  which  are  permeated  by  the  fluids  contained  in  their 
respective  vessels ;  in  the  one  case  by  lymph,  in  the  other  by  blood.  It  is 
1  consequence  of  this  agreement  in  structure  that  certain  causes  of  disease 
produce  similar  pathological  effects  in  both  organs,  as  is  seen  in  typhus, 
leucannia,  and  certain  forms  of  gland  alar  sarcoma  (Hodgkin's  disease). 

The  spleen  is  not  present  in  all  Yertebrata.  In  the  Leptocardia  and 
Mjxinoids,  for  instance,  it  has  not  as  yet  been  demonstrated.  In  the 
remaining  Yertebrata,  which  possess  the  organ,  it  is  constantly  included 
between  the  laminsa  of  the  peritoneum.  Its  position,  however,  is  various ; 
according  to  whether  it  is  developed  in  the  meso-gastrium,  the  mesentery 
proper,  or  the  peritoneal  investment  of  the  pancreas.  The  structure,  again, 
presents  varieties  in  the  different  classes  of  the  animal  kingdom ;  in  the 
Ophidia  and  in  the  Saurians,  the  constituent  which  in  all  other  Yertebrata 
18  chiefly  developed,  is  here  rudimentary,  whilst  that  which  in  the  latter  is 
an  accessory  apparatus,  agreeing  with  the  cytogenous  vascular  sheaths  of 
the  lympha^c  and  lymphoid  glands,  attains  in  the  former  its  greatest  devel- 
opment. In  consequence  of  this  mode  of  development,  the  spleen  of  these 
animals  forms  the  link  connecting  the  lymphatic  and  lymphoid  glands  to 
the  spleen  of  other  vertebrates.  These  peculiarities  of  structure  justify  us 
in  proceeding  to  describe  the  spleen  of  Ophidia  and  Saurians  separately 
I         frxm  the  remaining  vertebrates. 

'  Thk  Spleen  of  Reptiles. — In  Ophidia  the  spleen  appears  to  the  naked 

«7e  as  a  granular  mass,  situated  at  the  upper  extremity  of  the  pancreas ; 
bat  in  Mammals  it  lies  on  the  left  side  of  the  stomach,  and  presents  a  more 
homogeneous  structure.  It  possesses  a  capsule  composed  of  fibrillar  con- 
nective tissue  and  fine  elastic  fibres.  The  interstices  of  the  fibrils  of  the 
connective  tissue  contain,  especially  in  the  middle  layers  of  the  capsule, 
nimierooB  lymph  corpuscl&-like  cells.     The  deeper  layers  exhibit,  in  prepa- 
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rations  that  have  not  been  injected,  regularly  arranged  bands  of  smooth 
muscular  tissue.  In  injected  preparations  a  rich  plexus  of  veins  comes  into 
view  at  this  part,  to  the  walls  of  which  most,  if  not  all,  of  the  smooth  mus- 
cles must  be  attributed. 

The  interior  of  the  organ  is  traversed  by  septa  given  off  at  tolerably 
regular  intervals  from  the  internal  surface  of  the  capsule.  The  structure 
of  these  processes  agrees  with  that  of  the  capsule,  and  they  intercommuni- 
cate with  one  another  in  the  interior  of  the  organ.  They  form  stellate 
expansions ;  their  connective  tissue  becoming  infiltrated  with  lymph  cor- 
puscles, which  in  this  modified  form  occupies  all  the  interspaces  of  the 
proper  parenchyma  of  the  organ.  This  last  appears  in  the  form  of  sphe- 
roidal masses  (globi  or  follicles),  the  diameter  of  which,  in  the  ordinary  do- 
mestic animals,  varies  from  0*5  to  0-75  millimetre.  The  foUicles  themselves 
are  composed  of  cells  and  a  retiform  intermediate  substance. 

The  cells  agree  with  the  lymph  corpuscles  of  the  animals  in  question, 
consisting  of  a  mass  of  protoplasm  containing  a  nucleus,  but  destitute  of  a 
cell  wall.  Larger  morphological  elements  are  constantly  found  intermingled 
with  them,  containing  two  or  three  nuclei  which  may  be  regarded  as  th^ 

Fig.  84. 


Fig.  84.    From  the  spleen  of  the  Tropidonotus  natrix.    a,  follicle,  with  its  capillaiy 
plexus  ;  b,  septum,  with  venous  plexus. 

result  of  a  process  of  multiplication.  At  the  periphery  of  each  follicle  the 
cells  lie  more  closely  packed  together  than  near  the  centre,  and  in  the  fresh 
state  they  are  connected  together  by  a  pale,  finely  granular,  tenacious  inter- 
mediate substance.  In  preparations  that  have  been  hai'dened  by  diluted 
solutions  of  chromic  acid,  a  plexus  of  delicate  fibres  may  be  recognized. 
This  plexus  is  more  distinctly  fibrillar,  and  its  meshes  are  more  elongated 
near  the  periphery  of  the  follicle  than  elsewhere,  and  the  interspaces  are 
here  also  filled  with  closely  compressed  lymph  corpuscle-like  cells.  This 
more  compact  plexus  extends  beyond  the  limits  of  the  follicles,  so  that 
neither  in  the  fresh  nor  in  the  hardened  state  can  a  continuous  investing 
membrane  be  demonstrated  around  them. 

The  blood-vessels  of  the  spleen  of  Reptiles  consist  of  arteries,  capillaries, 
and  veins.  The  artery  enters  the  spleen  of  Ophidians  at  the  part  opposite 
the  pancreas,  which  is  sometimes  hollo Ved  out  in  the  form  of  a  hilus,  and 
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mns  towards  the  centre,  enclosed  in  a  membrane-like  investment  of  connec- 
tive  tissue  containing  numerous  lymph  corpuscles.  At  this  part  it  dixides 
into  fine  branches,  which  run  towards  the  centre  of  the  several  follicles, 
where  the  smallest  arterioles  break  up  into  a  very  characteristic  capillary 
plexus.  Ihis  forms  meshes  of  0*015 — 0'U3  millimetre  in  width,  which  con- 
tain the  parenchyma.  The  meshes  are  polygonal  in  form,  strongly  resem- 
bling the  capillary  plexuses  of  the  foetus ;  the  calibre  of  the  vessels  exhibits, 
within  a  short  space,  variations  of  considerable  eictent,  and  the  wall,  whilst 
it  in  part  corresponds  precisely  to  that  of  ordiiliaiy  capillaiies,  is  in  pai*t 
constituted  of  distinct  nucleated  cells,  which  are  with  difficulty,  and  only 
through  their  somewhat  more  elongated  form,  distinguishable  from  those  of 
the  adjacent  parenchyma.  Near  the  periphery  of  the  follicles  the  meshes 
of  the  capillary  plexus  diminish,  whilst  the  diameter  of  the  vessels  increases 
in  size,  and  they  at  length  become  continuous  with  a  very  close  plexus  of 
thin-walled  veins,  which  wind  around  the  follicles.  These  i  eins,  which  in 
some  parts  consist  only  of  a  thin  connective-tissue  layer  containing  numerous 
cells,  transmit  their  blood  into  larger  branches,  lined  with  epithelium,  and 
provided  with  layers  of  muscular  tissue,  which  partly  run  along  the  septa 
in  the  interior  of  the  organ,  and  partly  in  the  deeper  layers  of  the  capsule, 
to  reach  the  point  of  entrance  of  the  artery,  by  the  side  of  which  they 
emerge  from  the  organ  as  the  splenic  veins.  The  fact  that  the  walls  of  a 
portion  of  the  capillaries  in  the  spleen  of  Ophidians  very  frequently  present 
features  reminding  the  observer  of  their  embryonic  structure,  naturally  sug- 
gests that  besides  a  continuous  new  formation  of  lymph  corpuscles,  a  similar 
neoplastic  formation  of  capillaries  may  also  take  place,  but  what  relation 
this  process  bears  to  the  function  of  the  organ  is  not  at  present  known. 
The  plexus  of  thin-walled  veins  whioh  wind  around  the  periphery  of  the 
follicles  resemble  the  lymph  spaces  that  surround  the  periphery  of  the  fol- 
licles of  the  lymphatic  glands.  They  represent  at  the  same  time  the  rudi- 
ment of  a  splenic  pulp.  If  we  imagine  the  elements  of  the  walls  of  these 
canaLi  to  become  developed  into  a  plexiform  tissue  traversing  the  lumen  of 
the  vessel,  we  shall  obtain  a  tissue  presenting  the  essential  characteristics 
of  the  splenic  pulp,  as  it  occurs  in  other  vertebrate  animals.  No  observa- 
tiona  have  hitherto  been  made  on  the  lymphatics  or  on  the  nerves  of  the 
spleen  in  Reptiles. 

The  Spleen  of  Fishes,  Amphibia,  Ohelonians,  Birds,  and  Mammals. — 
However  various  may  be  the  structural  arrangements  of  the  spleen  in  these 
several  divisions  of  the  animal  kingdom,  the  essential  features  of  consti^uc- 
tion  are  the  same  in  all.  The  organ  is  constantly  invested  by  a  capsule 
which  sends  off  processes  into  the  interior.  These  either  hold  some  deter- 
minate relation  to  the  venous  system  of  the  organ,  forming  venous  sheaths, 
septa,  and  tiabeculie,  or  to  the  arterial  system  in  the  form  of  ai'terial 
sheaths.  The  interspaces  of  these  tissues  are  filled  with  the  peculiar  paren- 
chyma termed  the  splenic  pulp. 

The  Capsule  of  the  Spleen. — The  thickness  of  the  splenic  capside  ap- 
pears to  bear  a  direct  proportion  to  the  whole  volume  of  the  organ.  In 
the  embryo  it  is  invested  by  a  short  foim  of  cylinder  epithelium,  resembling 
the  ordinary  epithelium  of  the  peritoneum.  As  the  organ  grows  this  be- 
comes flattened,  and  in  adults  forms  delicate,  partly  square,  partly  rhomboi- 
dal  plates.  In  all  Yertebrata  fibrillar  connective  tissue,  with  which  elastic 
fibres  are  abundantly  intermixed,  enters  into  the  composition  of  the  cap- 
sale.     In  Fishes  and  Amphibia,  so  fEa*  as  observation  has  at  present  extend- 
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ed,  thes3  eloments  form  the  entire  capsule.  In  the  higher  Vertebrata,  from 
the  Chelonians  upwards,  a  variable  proportion  of  smooth  musculai*  fibres, 
which  are  always  situated  in  the  deeper  layers  of  the  capsule,  is  likewise 
present.  In  Carnivora,  in  the  Ruminants,  and  in  the  Pig,  these  are  so 
largely  developed,  that  the  physiological  experiment  of  merely  dipping  the 
spleen  into  warm  water  furnishes  evidence  of  their  presence,  whilst  in  the 
Rodentia  and  Chgiroptera  they  are  much  less  abundant.  Muscular  fibres, 
even  if  they  ap^  constantly  present,  are  only  sparingly  distributed  in  the 
splenic  capsule  of  Man. 

.A  Septa  and  Sheaths  op  the  Veins. 

The  association  of  these  two  constituents  is  justified  by  the  constancy  of 
the  relation  which  they  bear  to  one  another.  From  the  deeper  layers  of  the 
splenic  capsule  fibrous  bands  are  given  off  at  regular  distances,  which  are  re- 
cognizable with  the  naked  eye,  and  become  continuous  with  cylindrical  cords, 
the  so-called  trabecule  of  the  spleen  that  penetrate  its  substance.  They 
communicate  with  one  another  by  lateral  branches,  and  form  a  network 
traversing  the  entire  organ.  Their  structure  is  identical  with  that  of  the 
deeper  layers  of  the  capsule,  except  that  they  for  the  most  part  contain 
bands  of  smooth  muscular  fibres.  A  certain  number  of  these  trabeculte  ex- 
tend constantly  between  the  ramifications  of  the  veins,  and  become  attached 
to  their  walls  either  at  acute  or  at  right  angles.  The  structure  of  the  latter 
is  thus  rendered  more  complex,  as  the  splenic  veins  have  already  at  their 
point  of  entrance  into  the  organ  received  an  annular  investment  from  the 
capsule  which  soon  coalesces  with  the  vascular  walls.  The  latter  thus  ac- 
quire remarkable  firmness,  and  from  the  increased  strength  afforded  by  the 
attachment  of  the  numerous  trabeculsB  are  prevented  from  collapsing,  pre- 
senting in  consequence,  in  this  respect,  a  certain  similarity  to  the  sinuses  of 
the  dura  mater.  This  modified  venous  wall  sooner  or  later  becomes  incom- 
plete, whilst  the  connective  tissue  layers  containing  muscular  fibres  split 
into  small  bands,  between  which  the  lumen  of  the  vessel  is  only  limited  by 
the-  epithelium  layer  and  by  a  delicate  layer  of  connective  tissue  containing 
numerous  cells,  and  representing  the  tunica  intima.  This  assumption  of  a 
fibrous  character  by  the  external  vascular  layers  may  even  commence  in  the 
trunks  of  the  splenic  vein,  as  occurs  in  the  Ruminants ;  but  more  frequent- 
ly, as  in  Man,  it  is  first  observable  in  the  smaller  branches.  The  slender 
bands  containing  muscular  fibres,  into  which  the  sinus-like  venous  wall  di- 
vides, run  for  a  greater  or  less  distance  along  the  branches,  ultimately  be- 
coming detached  and  uniting  with  the  trabecular  network  of  the  organ  (W. 
Miiller).  The  object  fulfilled  by  the  connection  of  the  trabecular  network 
of  the  spleen  with  the  walls  of  the  veins  is  sufficiently  obvious.  The  longi- 
tudinal bundles  of  muscles  belonging  to  the  latter  tend  to  shorten  the  canals, 
whilst  the  trabeculss  which  are  latei^Uy  attached  to  them  widen  them,  and 
thus  conditions  favoring  the  the  discharge  of  fluid  from  them  are  established 
(Tonisa).  A  coincident  contraction  of  the  muscles  of  the  capsule  and  of 
the  trabeculss  must,  moreover,  exert  pressure  upon  the  intei-vening  paren- 
chyma which  compels  the  movement  of  such  of  the  constituents  of  the  lat- 
ter as  are  capable  of  changing  their  position  to  those  parts  where  the  ten- 
sion is  least  (W.  Miiller). 

Arterial  Sheaths. — At  their  entrance  into  the  hilus  of  the  organ  the  ar- 
teries receive  a  sheath  from  the  capsule  with  which  the  proper  vascular  wall 
is  loosely  connected.    This  sheath  consists  of  fibrillar  connective  tissue  with 
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numerous  elastic  fibres,  and  a  moderate  proportion  of  cell  elements  lying 
between  the  fasciculi,  the  latter  appearing  partly  as  rounded  lymph  corpus- 
cle-like bodies,  and  pai*tly  as  elliptical  nuclei  which  only  present  small  mas- 
ses of  protoplasm  at  t^eir  poles.  The  sheaths  accompany  the  arterial 
branches,  without  essential  modification  in  their  structure,  to  the  points  at 
which  the  arteries  and  veins  previously  running  together  separate  from  one 
another,  which  usually  occurs  in  the  ai'terial  branches,  of  from  0*3  to  0*2 
millimetre  in  diameter.  From  this  point  onwards  the  arterial  sheaths  pre- 
sent a  remarkable  modification  in  their  structure,  which  consists  in  the 
conversion  of  their  connective  tissue  into  a  cytogenous  tissue,  whilst  at  the 
same  time  it  becomes  much  looser  in  texture.  The  connective  tissue  bun- 
dles throughout  the  whole  thickness  of  the  sheath  become  coincideutally 
much  looser ;  their  fibrils  become  more  delicate,  and  lymph  corpuscle-like 
cells  are  abundantly  found  in  their  interstices.  A  cylindrical  sheath,  rich 
in  cells,  is  thus  formed,  which  accompanies  the  arterial  branches  either  to 
their  entrance  into  the  blood  passages  of  the  pulp,  as  in  Fishes,  Amphibia  and 
Chelonia,  or  to  their  passage  into  the  capillaries,  as  in  Birds  and  Mammals. 
In  the  first-named  animals  it  is  only  seldom  that  any  further  development  of 
these  sheaths  occurs  ;  in  Birds  and  Mammals,  on  the  other  hand,  rounded  or 
ellipsoidal  sharply  circumscribed  bodies,  varying  from  0*3  to  1  millimetre  in 
diameter,  appear  with  great  regularity,  termed  the  Malpighian  bodies  of  the 
spleen,  which  are  easily  recognizable  with  the  naked  eye,  on  account  of  their 
whitish  color.  They  represent,  as  is  now  generally  admitted,  local  hyper- 
plasias of  the  cytogenous  connective  tissue  of  the  arterial  sheaths.  Their 
disposition  upon  the  arterial  branches  to  which  they  belong  varies  to  some 
extent,  according  to  whether  they  are  developed  from  the  entire  circumfer- 
ence of  the  arterial  sheath,  or  from  only  a  definite  point  of  it ;  in  the  formeir 
case,  surrounding  the  artery  to  which  they  belong  like  a  ring ;  in  the  latter, 
being  situated  eccentrically,  or  being  only  laterally  attached. 

The  parenchyma  of  the  Mulpighiau  bodies  is  formed  of  cells  and  a  i-cti- 
form  intermediate  substance ;  the  cells  agree  in  their  characters  with  the 
lymph  corpuscles  of  the  several  animals,  and  they  are  constantly  found  in 
various  stages  of  development,  some  being  smaller,  with  a  single  nucleus, 
and  others  larger,  with  several  nuclei.  Like  those  of  the  s])lenic  pulp, 
they  are  capable  of  executing  amoeboid  movements,  and  are  usually  more 
densely  crowded  at  the  perijihery  of  the  Malpighian  bodies  than  at  their 
centre.  When  treated  with  solution  of  carmine,  cceteria  paribus^  they  be- 
come more  intensely  tinted  than  those  of  the  pulp,  though  it  has  not  been 
hitherto  determined  whether  the  deeper  hue  is  the  consequence  of  the 
presence  of  a  larger  proportion  of  protoplasm  capable  of  imbibing  the  color, 
or  to  a  difference  in  the  fluid  by  which  the  protoplasm  is  permeated. 

Associated  with  the  cells  is  a  delicate  intermediate  substance,  the  peri- 
plast of  Huxley.  This  forms  a  network  around  the  seveiul  cells  or  groups 
of  cells,  and  when  examined  in  the  recent  state,  consists  of  a  pale,  extremely 
finely  granular,  tenacious  material,  which  presents  the  form  of  delicate  fibrils 
in  preparations  hardened  in  chromic  acid.  At  the  periphery  of  the  Mal- 
pighian bodies  the  network  becomes  closer,  the  individual  fibrils  present  a 
greater  similarity  to  ordinary  connective  tissue  fibrils,  and  the  meshes  be- 
come more  elongated  and  narrow,  though  without  actually  forming  a  con- 
tinuous membrane,  as  was  first  correctly  demonstrated  by  Henle. 

Pulp. — The  tissue  of  the  splenic  pulp  is  composed  of  cells  and  of  an  inter- 
cellular substance.  The  former  resemble  the  lymph  corpuscles  of  the  animal, 
and  constantly  appear  as  small  imi-nucleated  and  larger  multi-nucleated 
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cells,  furnishing  evidence  of  the  occurrence  of  continuous  processes  of  new 
formation.  These  become  less  deeply  tinted  with  carmine  than  those  of  the 
Malpighian  bodies,  which  they,  however,  resemble  in  exhibiting  amoeboid 
movements  (Cohnheim).  There  may  be  frequently  found  in  the  splenic 
pulp,  especially  in  adult  animals,  large  cells  which  either  contain  granular 
pigment  presenting  the  charactei*s  of  Haematoidin,  or  rounded  bodies  re- 
sembling colored  blood  corpuscles.  We  may  presume  that  the  greater  num- 
ber of  these  cells  containing  blood  corpuscles  are  occasioned  by  the  mi- 
gration of  color€;d  blood  corpuscles  into  the  protoplasm  of  the  adjoining 
pulp  cells. 

The  cells  of  the  pulp  are  connected  with  one  another  by  means  of  an  inter- 
cellular substance.  This  was  first  observed  by  Tigri,  and  was  more  mi- 
nutely described  by  Billroth.  When  examined  in  the  fresh  state,  this  appears 
as  a  pale,  feebly  refracting,  very  finely  granular,  tenacious  substance,  form- 
ing a  delicate  network  between  the  protoplasm  of  the  several  cells.  In 
chromic  acid  preparations  it  assumes  the  character  of  a  tissue  composed  of 
homogeneous  intercommunicating  fibres. 

At  the  periphery  of  the  Malpighian  corpuscles  it  becomes  continuous, 
without  any  sharply  defined  line  of  demarcation,  with  the  intercellular  sub- 
Fig.  85. 


Fig.  85.  From  the  spleen  of  the  Hedgehog,  a,  a  Malpighian  oorpuscle,  with  its 
vascular  apparatus ;  b,  splenic  pulp,  wiUi  the  intermediaiy  blood  passages ;  c,  the 
rootlets  of  the  veins. 

stance  of  the  cortical  layer.  Near  the  capsule  of  the  spleen,  and  also  near 
the  terminations  of  the  capillanes  and  the  origins  of  the  veins,  the  inter- 
mediate substance  becomes  more  strongly  refractile  as  regards  light,  and 
more  distinctly  fibrillar.  It  here  becomes  continuous  on  the  one  hand  by 
numerous  processes  with  the  connective  tissue  of  the  capsule,  and  on  the 
other  hand  with  the  timica  adventitia  enveloping  the  capillanes  and  rootlets 
of  the  veins. 

The  cells  and  intercellular  substance  of  the  pulp  are  not  so  closely  com- 
pressed as  are  those  of  the  Malpighian  bodies ;  on  the  contrary,  they  fre- 
quently leave  rounded  or  lacuniform  spaces  between  them,  in  which,  in 
spleens  recently  removed  from  the  animal  after  ligation  of  the  vessels  and 
exposure  to  the  action  of  chromic  acid  at  0°  Cent.,  coloi-ed  blood  corpuscles 
constantly  occur. 

Bloodvessels    of    the    Spleen. — Several  arterial  and  venous  trunks 
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usoally  penetrate  into  the  interior  of  the  spleen  at  the  hilus.  Both  sets  of 
vessels,  invested  with  their  sheaths,  run  for  some  distance  in  proximity  to 
each  other,  branching  like  a  tree  as  they  proceed.  When  they  have  dimin- 
ished to  a  diameter  varying  from  0'3  to  0*2  millimetre,  the  arteries  separate 
from  the  veins.  Their  mode  of  branching  continues  to  be  tree-like  without 
the  occurrence  of  anastomoses  between  the  branches.  In  this  course  the 
arteries  give  branches  to  their  investing  sheaths  which  break  up  into  a 
capillary  network,  presenting  few  and  wide  meshes.  This  capillary  plexus 
is  richer  in  the  Malpighian  corpuscles,  the  meshes  being  particularly  small 
near  the  periphery.  The  calibre  of  these  capillaries,  as  a  rule,  is  moderate- 
ly small,  but  frequently  unequal,  and  the  structure  of  the  wall  also  exhib- 
its varieties,  sometimes  presenting  the  characters  of  fully  developed  and 
sometimes  of  embryonic  capillaries  (Huxley,  W.  MdUer).  At  the  surface 
of  the  Malpighian  corpuscles  the  capillaries  either  open  into  the  intermedi- 
ate blood  passages  or  into  the  rootlets  of  the  veins.  No  proper  veins  ac- 
company the  arterial  sheaths  from  the  point  at  which  they  become  cyto- 
genous. 

The  arteries,  as  is  usual  among  the  Mammalia,  quickly  divide  into  nu- 
merous capillaries,  that  run  a  long  course,  and  are  invested  by  a  delicate 
tunica  adventitia  composed  of  connective  tissue.  Generally  speaking  they 
exhibit  the  structure  of  fully  developed  capillaries,  but  in  some  places  they 
present  for  a  considerable  distance  walls  composed  of  separate  cells  rich  in 
protoplasm,  constituting  the  transitional  vessels  of  Schweigger-Seidel. 
After  a  longer  or  shorter  course  the  capillary  wall  becomes  much  attenuated 
and  finely  granular,  the  nuclei  surrounded  with  a  distinct  mass  of  proto- 
plasm, their  continuity  interi'U])ted,  and  finally  the  homogeneous  wall  breaks 
up  into  small  striso,  to  which  the  cells  are  attached,  and  which  are  contin- 
uous with  the  cellular  and  fibrous  plexus  of  the  pulp..  Through  the  spaces 
thus  produced  in  the  primaiy  capillary  wall  the  blood  escapes  into  the 
cavities  formed  by  the  cellular  and  fibrous  plexuses  of  the  pulp,  that  is  to 
say,  into  the  intermediate  blood  passages.  From  the  latter  the  blood  is  col- 
lected into  the  rootlets  of  the  veins.  These  commence  as  cribriform,  inter- 
rupted canals,  the  boundaries  of  which  are  essentially  formed  of  lymph 
corpuscle-like  cells  and  a  delicate  intercellular  substance,  constituting  a 
plexus  with  numerous  lacun».  After  a  short  or,  as  in  man  and  rabbits,  a 
somewhat  longer  course,  the  vein  obtains  a  continuous  internal  investment, 
consisting  of  a  layer  of  fusiform  epithelial  cells  with  spheroidal  nuclei, 
which  not  unfrequently  project  into  the  lumen  of  the  vessel,  the  superjacent 
connective  tissue  layer  becoming  at  the  same  time  condensed,  causing  the 
lymph  corpuscle-like  cells  to  crowd  more  closely  together,  and  the  fibrillar 
intercellular  substance  to  become  more  distinct,  whilst  it  pursiies  a  trans^ 
verse  direction,  and  forms  a  tolerably  close  plexus  (Henle).  The  smaller 
venous  branches  unite  like  the  branches  of  trees  to  form  larger  trunks, 
investing  which  a  tunica  adventitia,  consisting  of  longitudinal  connective 
tissue  fibrils  with  interspersed  cellular  elements,  soon  makes  its  appearance. 
The  cylindrical  muscular  fasciculi  belonging  to  the  adjoining  trabeculse  at- 
tach themselves  longitudinally  to  these  branches,  and  immediately  become 
firmly  adhei*ent  to  their  walls.  As  this  occurs  every  now  and  then  at  dif- 
ferent points,  the  gradually  enlarging  venous  ramuscules  obtain  their  already 
described  compact  walls,  resembling  those  of  the  sinuses  of  the  dura  mater, 
and  which  they  retain  up  to  their  point  of  exit  from  the  organ. 

The  f  aregoing  description  of  the  arracgements  of  the  oixcnlating  apparatus  in  the 
spleen  rests  (1)  on  the  observation  that,  in  recently  hardened  spleens  still  containing 
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blood,  both  in  the  embiyo  (Peremeschko)  and  in  the  adult  (W.  l^Qller),  the  tissae  of 
the  pulp  is  constantly  trayeised  by  blood  corpuscles ;  (2)  upon  the  observation  that 
artificial  injections  of  the  spleen  constantly  fill  the  same  spaces  which  naturally  con- 
tain blood  corpuscles  (W,  MttUer)  ;  (3)  on  the  observation  that,  after  the  injection  of 
the  very  fine  seeds  of  the  lycopodium,  their  presence  in  the  pulp  may  be  constantly 
demonstrated  with  the  aid  of  the  tests  exhibiting  the  reactions  of  starch  (Tigri).  In 
opposition  to  this  view  is  a  second,  which,  originally  advanced  by  Billroth,  Grobe, 
Sasse,  and  Gray,  has  recently  been  supported  by  KoUiker.  Accon^ng  to  this  view, 
the  spleen,  like  other  organs  of  the  body,  possesses  a  completely  closed  vascular  eys- 
tem  of  ordinary  structure,  the  veins  everywhere  forming  plexiform  anastomoses 
between  which  the  parenchyma,  traversed  by  capillaries,  is  contained  in  the  form  of 
cords,  constituting  the  intervascular  tissue  cordis  of  Billroth,  or  the  bulbs  of  Grobe 
and  Sasse.  I  have  already,  in  my  work  on  the  spleen,  explained  why  I  cannot  adopt 
this  view.  Moreover,  in  a  series  of  the  injected  spleens  of  rabbits,  and  in  the  spleen 
of  a  monkey  which  was  placed  at  my  disposal  by  C.  Thiersch,  and  more  recently  in 
examinations  made  upon  the  amyloid  spleen  of  man,  I  have  been  unable  to  discover 
any  facts  favorable  to  the  view  maintained  by  Billroth  and  Sajsse.  KoUiker  adduces 
in  its  favor,  besides  the  points  already  mentioned,  (1)  that  the  current  of  blood  would 
experience  too  much  obstruction  were  it  to  freely  traverse  the  pulp ;  (2)  that  the 
fresh  spleen  constantly  presents  an  acid  reaction ;  (3)  that  since  the  appearance  of  my 
work,  no  one  has  expressed  himself  in  favor  of  the  views  therein  contained ;  (4)  that 
this  view  would  constitute  a  novelty.  The  first  objection  is  opposed  by  comparison 
of  the  blood  pressure  in  the  arteria  lienalis  with  the  pressure  of  the  lymph  in  the  vas 
afferens  of  any  group  of  lymphatic  glands.  The  second  is  easily  confuted  by  apply- 
ing the  best  neutral  litmus  paper ;  the  third  is  overthrown  by  the  work  of  Pere- 
meschko, who  is  the  only  author  that  has  thoroughly  entered  into  the  consideration 
of  the  question. 

Lymphatics  op  the  Spleen. — It  is  highly  probable  that  the  spleens  of 
all  vei-tebrate  animals  possess  lymphatic  vessels.  They  are  divided  into  a 
superficial  and  a  deep  set.  The  former  run  in  the  capsule,  and  constitute  a 
close  plexus,  from  which  trunks  arise  that  pass  with  the  trabeculas  into  the 
interior  of  the  organs,  in  order  to  anastomose  there  with  the  deeper  set 
(Tomsa).  The  latter,  as  usual,  accompany  and  form  open  networks  between 
the  arteiies  and  their  sheaths,  and  extend  to  near  their  terminations.  Ac- 
cording to  the  observations  of  Tomsa,  they  penetrate  the  cytogenous  sheaths 
of  the  vessels  and  their  circumscribed  enlargements,  forming  a  plexus 
which,  near  the  periphery  of  these  structures,  is  only  incompletely  sur- 
rounded by  the  cavities  of  the  adjoining  pulp. 

Nerves  of  the  Spleen. — The  nerves  of  the  spleen  also  accompany  the 
arteries  in  their  course.  They  consist  chiefly  of  Remak's  fibres.  They 
appear,  in  part  at  leajst,  to  terminate  in  peculiar  organs  that  invest  the 
capillary  terminations  of  the  vessels  (W.  MUller).  These  organs  form 
ellipsoids,  in  the  long  axis  of  which  a  single  capillary  vessel  runs.  The 
substance  of  the  ellipsoid  consists  of  a  pale,  very  finely  granular  substance 
in  which  oblong  nuclei  are  imbedded  (Schweigger-Seidel  and  W.  MUller). 
These  are  highly  developed  in  the  spleens  of  Birds  and  carnivorous  animals, 
but  are  only  rudimentary  in  those  of  Rodents  and  of  Man.  In  the  interior 
of  their  granular  mass  fine  fibres  of  Bemak  occur,  the  mode  of  termination 
of  which  has  not  as  yet  been  actually  determined.  They  require  further 
investigation. 

Development  op  the  Spleen. — In  all  Vertebrata  the  spleen  proceeds 
from  a  segment  of  the  peritoneum.  The  situation  of  this  segment  differs 
in  the  several  classes.  In  Ophidia  it  is  the  peritoneal  investment  of  the 
upper  extremity  of  the  pancreas ;  in  Fishes,  Frogs,  and  Chelonia,  it  is  the 
mesentery  of  ike  small  or  large  intestine ;  in  the  Salamanders,  lizards^ 
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Birds,  and  Mammals,  it  is  a  prolongation  of  the  mesogastrium  from  which 
the  organ  is  developed.  Its  first  appearance  occurs  in  the  form  of  a  homo- 
geneous thickening  of  the  peiitoneum,  caused  by  increase  of  the  embryonic 
formative  cells  of  which  it  is  comj^osed.  This  thickening  occurs  very  early 
in  Man ;  it  is  already  demonstrable  at  the  period  when  the  first  budding 
out  of  the  pancreas  has  made  its  appearance.  At  this  time  bloodvessels 
may  be  followed  to  the  seat  of  the  rudiment  of  the  spleen  (W.  Miiller).* 
At  tliis  period  there  may  be  observed  in  chromic  acid  preparations  a  very 
delicate  pale  network  intervening  between  the  embryonic  cells ;  but  whether 
this  proceeds  from  the  outgrowth  of  a  few  cells,  as  Peremeschko  maintains, 
or  from  the  detachment  of  the  peripheric  protoplasm  of  numerous  cells,  I 
am  not  able  to  decide.  The  further  development  of  the  organ  occurs  tolera- 
bly rapidly,  so  that  in  the  human  foetus  of  eight  centimetres  in  length  the 
various  constituents  are  already  differentiated.  The  cells  lying  beneath 
the  peritoneal  epithelium  become  elongated,  and  form  fusiform  nucleated 
bodies,  and  similar  ones  at  an  early  period  invest  the  larger  vessels.  From 
both  small  processes  are  given  off,  which  grow  towards  one  another,  and 
represent  the  commencement  of  the  trabecular  system.  Along  the  arterial 
branches,  denser  accumulations  of  small  nucleated  cells  may  already  be  dis- 
cerned, which  are  conspicuous  in  tinted  preparations  by  theii'  deep  color, 
and  these  form  by  far  the  chief  constituent  of  the  pulp.  This  consists  of 
cells  with  from  one  to  three  nuclei  and  a  delicate  intercellular  substance, 
forming  plexuses,  the  interstices  of  which  are  constantly  filled  with  blood 
corpuscles.  According  to  Peremeschko,  there  are  now  developed  larger 
protoplasmic  corpuscles  in  the  tissue  of  the  pulp  containing  from  two  to  six 
nuclei,  that  are  capable  of  performing  amoeboid  movements,  and  which,  to- 
wards the  end  of  embryonic  life,  atrophy.  In  the  further  course  of  develop- 
ment the  scTcral  constituents  increase  in  volume,  and  a  part  of  the  fusiform 
cells  of  the  capsule  and  the  vascular  sheaths  develop  into  smooth  muscular 
tissue.  The  arterial  sheaths,  containing  numerous  cells,  are  clearly  dis- 
tinguishable from  the  pulp,  and  from  the  middle  of  embryonic  life  the 
Malpighian  corpuscles  are  recognizable.  The  cavities  of  the  pulp  may, 
about  this  time,  be  artificially  injected  (Peremeschko).  From  the  com- 
mencement of  differentiation  of  the  several  constituents  of  the  organs,  as 
this  author  has  pointed  out,  the  cells  of  the  pulp  appear  paler  and  more 
delicate  than  those  of  the  arterial  sheaths.  To  explain  this  it  must  be 
borne  in  mind  that  both  of  these  morphological  elements  develop  from 
different  textural  formations,  the  pulp  developing  from  the  walls  of  the 
rootlets  of  the  veins,  the  arterial  sheaths  with  their  Malpighian  bodies  from 
the  connective  tissue  investing  the  arteries.  It  is  of  importance  to  establish 
this  difference,  because  it  furnishes  the  key  to  a  series  of  comparative 
anatomical  and  pathological  observations.  Up  to  the  present  time,  no  facts 
have  been  ascertained  in  regard  to  the  development  of  the  lymph  passages, 
or  of  the  nerves  of  the  spleen. 
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CHAPTER  XI. 

THE    THYMUS    GLAND. 
By  E.  KLEIN. 

In  Man  and  Mammals,  at  an  early  period  of  their  existence,  a  placentiform 
lobulated  body,  called  the  thymus  gland,  which  in  point  of  structure  must 
be  associated  with  the  peripheric  lymphatic  glands,  lies  behind  the  upper 
part  of  the  sternum,  and  partly  occupies  the  Incisura  jugularis  at  the  lower 
part  of  the  neck.  It  is  invested  by  a  capsule  rather  loosely  connected  with 
the  organ  by  means  of  vessels  and  fasciculi  of  connective  tissue,  the  thick- 
ness of  which  increases  with  the  size  of  the  organ.  The  number  and  size 
of  the  lobes  vary  to  a  considerable  extent.  In  dogs,  in  the  pig,  and  in  the 
cat,  there  are  usually  only  two  closely  connected  lobes  of  unequal  size,  which 
present  an  acute  edge  externally  and  below,  but  are  remarkably  thick  at 
their  surfaces  of  contact.  In  the  calf,  on  the  other  hand,  the  organ  consists 
of  two  oval  placentiform  lobes  not  presenting  acute  edges,  and  of  nearly 
equal  size,  united  together  by  a  short  cyUndricad  intermediate  portion.  The 
thymus  of  the  new-born  infant  exhibits  two  or  three  lobes;  when  there  are 
three,  these  are  so  arranged  that  a  central  thicker  lobe  has  sometimes  a 
larger  and  sometimes  a  smaller  lobule  on  each  side.  The  several  lobules  of 
the  thymus  in  man,  as  well  as  in  the  dog,  the  cat,  and  the  pig,  may  possess 
small  appendices;  and  the  fissures  by  which  the  lobes  are  produced  are 
sometimes  deep,  and  sometimes  less  strongly  marked.  Each  lobe  is  divided 
into  several  lobules  by  fissures  uniting  at  various  angles,  and  these  again  ajre 
subdivisible  into  the  ultimate  divisions  termed  acini,  alveoli,  granules,  or 
more  correctly,  follicles. 

The  capsule  exhibits  the  usual^  structure  of  membranous  connective  tis- 
sue ;  its  elements  are,  wavy  connective  tissue  fibres  united  into  fasciculi  of 
various  sizes,  which  decussate  in  all  directions,  and  thus  form  a  tolerably 
resistant  membrane  ;  fine  elastic  fibrils,  which  are  partly  united  in  a  plexi- 
form  manner,  and  partly  form  large  arches  running  in  an  irregular  manner 
between  the  fibres  of  the  connective  tissue  ;  a  few  lustrous,  broad,  strongly 
refracting  bands,  characterized  by  their  looped  course  and  resistance  to  the 
action  of  acids ;  and,  lastly,  cellular  elements.  These  either  resemble  color- 
less blood  corpuscles,  or  are  provided  with  processes  like  the  so-called 
stellate  cells,  or  they  may  appear  as  large,  finely  granular,  irregularly  shaped 
bodies,  usually  containing  a  single  small,  spheroidal,  highly  refracting  nu- 
cleus. On  the  outer  surface  of  the  capsule,  or  that  which  is  directed 
towards  the  thoracic  cavity,  a  single  layer  of  pavement  epithelium,  resem- 
bling in  form  and  character  that  of  the  peritoneum,  may  easily  be  demon- 
strated. The  cells  of  this  layer  are  polyhedral,  and  slightly  elongated  or 
rhombic  in  form,  containing  a  vesicular  spheroidal  or  elliptical  nucleus. 

If  a  portion  of  the  capsule,  carefully  detached  from  the  recently  removed 
thymus  of  a  dog,  be  spread  out  upon  the  slide  with  the  aid  of  some  indifferent 
fi  uid,  and  examined  with  a  high  power,  besides  the  tissues  and  structures 
above  mentioned  we  may  discern  also  the  deeply  situated  delicate  ramifica- 
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tions  of  the  bloodvessels,  together  with  the  sparingly  distributed  trunks  of 
medullated  nerve  fibres  ;  and  lastly,  certain  peculiar  cavities.  At  the  points 
where  two  or  more  strong  fasciculi  of  connective  tissue  decussate  we  meet 
with  such  large  usually  elongated  spaces,  which  have  somewhat  sinuous  mar- 
gins bounded  by  a  single  layer  of  fusiform  disproportionately  large  cells ; 
the  tissue  immediately  external  to  these,  and  forming  a  kind  of  wall  to  the 
cavity,  is  but  little  condensed.  It  is  clear  that  we  have  here  to  deal  with 
the  cavities  belonging  to  the  lymphatic  system,  respecting  which  it  is  diffi'^ult 
to  state  decisively  whether  they  are  simple  lymph  sacs,  or  wide  thin-walled 
lymphatic  vessels.  It  is  worthy  of  remark,  that  the  quantity  of  lymph  cor- 
puscles they  contain  is  extremely  small,  and  bears  no  propoiiion  to  the  size 
of  the  space. 

The  tissue  bounding  the  several  follicles  of  the  thymus,  and  dipping  into 
the  interior  of  the  organ  from  the  surface  of  the  several  lobules,  consists  of 
a  network  of  connective  tissue,  which,  as  may  be  pai-ticularly  well  seen  in 
the  thymus  of  the  dog,  is  usually  composed  of  fine  fibres,  arranged  in  the 
form  of  delicate  rhombic  meshes.  These  are  generally  filled  with  more  or 
less  closely  packed  large  cells;  but  near  the  fre^  surface  of  the  follicles, 
where  they  are  not  confluent  with  one  another,  the  cells  are  smaller  and 
more  crowded,  whilst  the  tissue  becomes  so  condensed  as  to  fonn  a  kind  of 
capsule.  The  individual  follicles  are  either  entirely  thus  encapsuled  and 
isolated,  as  frequently  occurs  in  the  caJf,  or  several  may  be  united  at  their 
centric  portion,  as  in  the  dog  and  man.  On  the  whole,  their  structural 
characters  are  comparable  with  those  of  the  Peyer's  patches  of  the  small 
intestine. 

The  form  of  the  several  follicles  is  elongated,  spheroidal,  or  polyhedral, 
and  those  situated  near  the  surface  are  always  larger  than  those  more 
deeply  seated  ;  those  of  the  dog  and  the  calf  are  usually  elliptical  in  form. 

The  finer  structure  of  the  follicles  displays  the  same  morphological 
elements,  with  the  same  relative  disposition,  as  the  ordinary  lymph  follicles. 
According  to  His,*  fine  capillary  bloodvessels,  proceeding  from  the  vessels  run- 
ning in  the  septa,  penetrate  the  follicles  at  numerous  points  of  their  surface, 
and,  in  consequence  of  these  frequent  anastomoses,  form  a  very  close-meshed 
plexus.  Between  the  vessels,  and  attached  to  them,  as  well  as  to  the  con- 
nective tissue  of  the  septa,  an  exceedingly  compact,  but  very  delicate  net- 
work is  extended,  chiefly  formed  by  the  anastomosing  branches  of  multipolar 
cells,  in  the  interstices  of  which  are  numerous  lymph  cells ;  in  addition  a 
narrow-meshed  network  may  be  distinguished,  resembling  the  above,  except 
in  the  absence  of  cells,  and  in  the  greater  breadth  of  the  trabeculie,  especially 
at  their  nodal  points.  The  naiTOw-meshed  networks  are  the  prolongations 
of  thcL  interal veolar  or  interfoUicular  lymphatic  vessels.  Lastly,  there  occurs 
a  third  kind  of  trabecular  structure  in  the  form  of  strong  elongated  fibres, 
which  are  stretched  between  adjoining  vessels,  or  between  these  and  the 
septa  of  connective  tissue.  These  are  not  much  branched,  and  are  attached 
by  m^ns  of  conical  longitudinally  striated  bases  to  the  vessels. 

The  contents  of  the  follicles,  that  is  to  say,  of  the  trabecular  structures, 
consist  of  cells,  which,  according  to  their  size,  may  be  arranged  in  three 
categories.  Of  these  the  first,  and  by  far  the  most  mmierous,  are  ordinary 
lymph  corpuscles ;  the  second  are  Inrger  coarsely  granular  spheroidal  bodies, 
composed  of  protoplasm,  and  containing  one  or  several  nuclei ;  and  the 
third  are   HassalPs  concentric  corpuscles,  of  which  Eckerf  recognizes  two 

♦  Bdtrage  zur  Kenntnm  der  zum  Lymphfiysteme  pehorigen  Drusen.     Siebold  aod 
Eul]iker*8  Zeitschrift  fwr  wUsenscJuiftUcfie  ZooHogie,  Bandz.,   p.  338. 
f  Blutgefdtsdriisen  in  B.  Wagner\s  IlandwOrterbueh,  Band  i.,  p.  115. 
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forms,  one  simple  and  the  other  compound.  The  former  are  spheroidal 
vesicles,  varying  from  0*0075  to  0-009  millimetre  in  diameter,  containing  in 
the  interior  of  their  concentrically  striated  sheath  sometimes  only  a  homo- 
geneous mass  with  fatty  lustre,  but  sometimes  a  nucleus  and  granular  ma- 
terial. These  last  are  as  much  as  0*027  millimetre  in  diameter,  and  are 
composed  of  several  simple  vesicles  that  are  collectively  invested  and  united 
together  by  a  concentrically  striated  membrane.  Both  species  of  the  con- 
centric bodies  occur,  according  to  Ecker,  at  every  stage  of  development ; 
yet  with  increasing  abundance  as  the  gland  gradually  advances  to  complete 
maturity. 

Vessels. — In  the  calf  and  in  man  the  larger  branches  running  in  the 
follicular  septa  divide  into  numerous  branches  that  everywhere  sur- 
round the  follicles.*  The  arteries  give  off  capillaries  that  penetrate  into 
their  inteiior,  and  after  communicating  by  transverse  branches,  run  in  a 
radial  direction,  and  terminate  in  circular  vessels.  As  a  rule  the  latter  do 
not  quite  reach  the  centre  of  the  follicles,  but  become  continuous  with  vein& 
which  accompany  the  arteries. 

The  distribution  of  the  vessels  in  the  thymus  of  the  dog  presents  some 
difference  from  that  y^hich  has  just  been  described.  Here  the  lai-ger  trunks 
situated  in  the  septa  give  off  branches  that  penetrate  into  the  interior  of  the 
follicles,  and  then  break  up  at  the  outer  part  into  a  capillary  network,  by 
which  they  are  completely  filled. f  The  very  wide  spaces  charged  with 
lymph  cells,  which  immediately  invest  the  follicles,  are  in  communication, 
by  means  of  finer  vessels,  w^ith  the  central  parts  of  the  follicles.  M.  His 
regards  these  spaces  as  lymphatics ;  but,  according  to  my  observations,  it 
must  still  remain  doubtful  whether  they  are  lymphatic  vessels  or  sinuses 
investing  the  follicles. 

According  to  the  older  views, J  the  follicles  are  hollow  vesicles  invested 
externally  by  a  structureless  membrane,  and  internally  by  a  layer  of  connec- 
tive tissue,  their  cavities  all  communicating  with  a  common  central  canal. 

Jendras.ik§  has  demonstrated  that  the  elementary  parts  of  the  thymus 
gland  are  solid  lymph  follicles,  in  the  central  part  of  which  a  cavity  is 
formed  by  softening.  I  find  that  these  cavities  only  occur  in  the  follicles  of 
the  thymus  in  man  and  the  calf,  and  not  always  even  there.  The  central 
part  of  tlie  follicle,  which,  both  in  man  and  the  calf,  consists  of  a  network 
of  cells  with  interspersed  l3nnph  corpuscles,  after  prolonged  hardening,  easily 
becomes  detached  duiing  manipulation. 

In  regard  to  the  physiological  atrophy  of  the  thymus,  it  consists,  accord- 
ing to  His,  of  a  gradual  breaking-down  and  infiltration  of  the  glandular 
tissue  with  ^t,  which  extends  gradually  from  the  septa  and  the  surface  of 
the  follicles  towards  their  interior ;  but  even  in  the  earliest  period,  when 
there  can  be  no  question  of  atrophy,  small  isolated  groups  of  fat  cells  may 
be  found  in  the  investing  sheaths  of  the  follicles. 

*  Ecker,  loe.  cit,  and  His,  loc.  eit, 

t  Kolliker,   Gewebdehre^  p.  483. 

X  J.  Simon,  A  Physiological  Essay  on  the  Thymus  Gland.  London,  1845.  4to.  Ger- 
lach,  Gewebdehre.    Mainz.    8vo,  Lieferung  2  and  3.     Ecker,  loc.  eit. 

§  Anatomisehe  TTnUrsuchungen  Hher  den  Bern  der  ThymusdrQse,  SitmngsberiehU 
der  K  Akad.  zu  Wien,  1856,  Juli-heft 
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CHAPTER  XII. 

THE    THYROID     GLAND. 

By  E.  VEBSOK 

The  term  thyroid  gland  is  applied  to  an  organ  composed  oi  Si  framework 
of  connective  tissue  condensed  externally  to  a  more  or  less  thick  investing 
membrane,  and  traversing  the  interior  of  the  organ  in  the  form  of  strong 
trabeculfe ;  and,  secondly,  of  gland  vesideSy  sustained  by  the  framework, 
which,  as  their  name  implies,  constitute  struct\ires  similar  to  the  acini  of  a 
gland,  but  completely  closed  and  vesicular. 

The  vesicles  of  the  thyroid  gland  are  composed  of  a  thin  transparent 
hyaline  membrane,  lined  by  epithelium,  the  cells  of  which  are  arranged  in 
a  single  layer,  and  in  fresh,  uninjured  specimens  appear  longer  than  broad, 
and  are  provided  with  a  spheroidal  nucleus,  which  may  itself  include  one  or 
several  nucleoli.  In  this  condition,  however,  the  epithelium  of  the  vesi- 
ciilfe  is  only  encountered  in  quite  young  animals  when  examined  with  the 
microscope  immediately  after  having  been  taken  from  the  living  animal. 
In  a  veiy  short  time,  even  under  the  eye  of  the  observer,  the  free  surface  of 
the  cell  wall  may  be  seen  to  project  irregularly,  and  spheroidal  tenacious 
and  hyaline  drops,  which  after  some  time  coalesce  in  the  centre  of  the 
vesicle,  gradually  develop  from  the  bodies  of  the  epithelial  cells.  Usually, 
however,  delicate  lines  of  demarcation  may  be  recognized  between  them, 
giving  a  faceted  appearance  to  the  clump  of  escaped  and  coalesced  cell  con- 
tents. Before  these  drops  become  intimately  fused  with  each  other  in  the 
centre  they  frequently  indicate  the  path  they  are  about  to  pursue  by  pseudo- 
podial  processes  which  partly  adhere  to  the  cell  wall.  These  contents,  at  a  more 
advanced  age,  and  under  pathological  conditions,  are  converted  into  colloid, 
though  they  originally  represent  only  the  product  of  a  physiological  process. 

The  several  gland  vesicles  present  great  variation  in  size,  and  even  in 
adults  some  may  be  found  which  ai*e  of  much  smaller  diameter  than  the 
largest  of  those  discoverable  in  the  infant.  It  appears  that  in  extra-uterine 
life  the  progressive  increase  of  the  several  gland  vesicles,  if  any,  is  usually 
very  small.  On  the  other  hand,  in  a  human  embryo  of  the  iifth  or  sixth 
month,  I  have  found  their  diameter  to  be  0*0252 — 0*0336  millimetre,  whilst 
their  diameter  in  the  newly  bom  already  amounts  to  O'l — 0*16  millimetre, 
and  may  in  adults  exceed  0*2  millimetre.  The  gland  vesicles  of  the  tor- 
toise are  particularly  well  adapted  for  investigation,  since  they  measure 
from  0*14 — 0*27  millimetre.  Mammals  possess  in  general  very  small 
vesicles,  which  sometimes,  by  their  further  gi*owth,  so  press  upon  one 
another  that  the  space  required  for  the  capillaries  is  only  obtained  by  an  in- 
flexion of  their  opposite  walls.  Such  conditions  I  found  to  occur  frequently 
in  the  dog,  where  the  walls  of  the  vesicles  form  projections  internally,  in 
which  the  epithelial  cells  are  seated  like  the  voussoirs  of  an  arch. 

It  is  deserving  of  notice  that  the  larger  vesicles  occupy  the  centre  of  the 
several  lobules,  or,  where  these  are  not  present,  the  centre  of  the  entire 
gland,  whilst  at  the  periphery  they  appear  much  smaller  and  are  compressed 
and  flattened  in  form.  * 
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The  epithelial  cells,  as  already  mentioned,  are  always  somewhat  higher 
than  broad,  and  do  not  vary  remarkably  either  with  age  or  with  the  species 
of  animal.  Thus,  for  example,  in  an  embryo  of  the  fifth  or  the  sixth  month 
they  were  from  0006— 0*0095  millimetre  long,  and  from  0-004— 0-005  mil- 
limetre broad ;  in  adults  they  attain  the  length  of  0*01 — 0*16  millimetre; 
in  the  dog,  from  0008— 00126  millimetre;  in  the  calf,  of  about  0-0105;  in 
the  tortoise,  from  0*0168  millimetre,  etc. 

The  framework  of  the  thyroid  gland  is  a  direct  continuation  of  the  ex- 
ternal investing  membrane,  and,  like  this,  consists  of  fasciculi  of  connective 
tissue,  with  numerous  elastic  fibres  and  connective  tissue  corpuscles,  which 
for  the  most  part  appear  fusiform  or  branched.  The  organ  is  partially  trav- 
ersed by  stronger  bands  which,  on  the  one  hand,  are  connected  with  the  in- 
vesting sheath,  and  on  the  other,  isolate  large  groups  of  gland  vesicles.  In 
this  way  the  thyroid  gland  of  man  is  divided  into  primary  and  secondary 
segments,  the  line  of  division  between  which  is  recognizable  by  light  fur- 
rows. In  other  cases,  however,  these  strong  septa  may  fail,  and  the  whole 
glandular  organ  represent  a  continuous  mass. 

The  connective  tissue  lying  between  the  several  gland  vesicles  of  the  in- 
dividual segments  is  very  sparing  in  quantity,  and  sometimes  even  it  is  dif- 
ficult to  discover  between  the  walls  of  contiguous  vesicles  a  few  fibres  accom- 
panying the  capillaries.  Near  the  investing  membrane,  and  between  the 
peripheral  vesicles,  it  is  more  abundant.  If  the  fresh  vesicles  of  the  tortoise 
be  isolated  by  means  of  needles,  we  find  them  invested  by  a  fine  network  of 
fibres,  which  frequently  bear  branched  cells. 

T%e  Arteries  are  large  branches  of  the  thyroid  artery,  and  peneti-ate  into 
the  interior  of  the  gland,  following  the  course  of  the  fibrous  septa,  dividing 
the  organ  into  segments  or  lobules.  Their  branches  accompany  the  second- 
ary septa,  and  these  again  break  up  into  large  capillaries  having  a  diameter 
of  0-006 — O'Ol  millimetre,  that  form  a  network  around  the  several  gland 
vesicles  from  which  again  the  veins  take  their  origin.  These,  externally  to 
the  fibrous  sheath,  are  characterized  by  the  width  of  their  lumen  and  the 
proportionate  thinness  of  their  walls. 

The  lymp1uUic8y  according  to  Frey,  commence  with  csecal  extremities  be- 
tween the  gland  vesicles,  and  unite  to  form  meshes  surrounding  the  lobules, 
finally  emerging  from  the  surface  of  the  organ  as  vessels  of  considerable  size. 
The  nerves  appear  as  thick  trunks  of  dark-edged  fibres  which  adhere  firmly 
to  the  vessels. 

In  man  the  thyroid  gland  appears  to  be  composed  of  a  median  and  two 
lateral  lobules  united  by  means  of  connective  tissue.  Other  mammals,  as 
the  dog,  calf,  horse,  etc.,  possess  a  thyroid  gland  consisting  of  two  separated 
lobules  lying  on  either  side  of  the  trachea. 

A  single  median  lobe  occurs  in  Amphibia  and  Birds,  which  descends  into 
the  thoracic  cavity. 
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CHAPTER  XIIL 

THE  BLOOD. 
By  ALEXANDER  ROLLBTT. 

Ths  red  blood  of  vertebrate  animals  consists  in  part  of  a  solution  of  vaii- 
cms  substances — the  blood  plasma — and  in  part  of  very  small  corpuscular 
structures  of  peculiar  form. 

The  corpuscles  are  so  abundant  and  so  equally  distributed  through  the 
fluid  medium,  that  their  interspaces  are  of  microscopic  dimensions,  and 
fresh  blood  consequently  presents  to  the  naked  eye  the  appearance  of  a  homo- 
geneous red  fluid.  The  individual  corpuscles  do  not  all  agree  with  one 
another  in  their  characters,  and  hence  several  different  kinds  may  be  dis- 
tinguished amongst  them. 

In  the  first  place,  we  may  distinguish  between  the  colored  and  color- 
less forms,  the  number  of  the  former  predominating  in  healthy  blood. 

The  colored  corpuscles  are  more  uniform  than  the  colorless,  amongst 
which  several  subdivisions  must  be  made. 

The  Blood  Plasma. — ^The  blood  plasma,  or  Liquor  Sanguinis,  when 
examined  in  the  fresh  state  and  in  microscopically  thin  layers,  is  destitute 
of  color.  If  a  drop  of  blood  be  removed  for  a  short  time  from  the  living 
boily  of  an  animal,  fibrin  separates  from  it  in  a  solid  form.  But  in  refer- 
ence to  the  coagulation  of  the  blood,*  we  shall  here  only  discuss  the  micro- 
scopic phenomena  presented  by  the  fibrinous  clot.  The  fibrin,  when  in 
small  quantities,  separates  itself  in  the  form  of  delicate  fibres  decussating 
at  various  angles,  though  when  in  large  only  very  gradually,  as  often  occui-s 
in  the  blood  of  cold-blooded  animals  ;  or  if  larger  quantities  of  fibrin  quickly 
separate,  the  whole  drop  of  blood  solidifies,  without  any  alteration  of  the 
microscopic  appearances  being  perceptible.  In  this  case  the  change  that  has 
occurred  only  becomes  evident  on  moving  or  breaking  up  the  mass  when  it 
has  undergone  coagulation. 

If,  on  the  other  hand,  we  leave  a  few  drops  of  blood  for  a  little  while  to 
themselves,  which  may  be  best  effected  by  attaching  them  to  the  under  side 
of  a  glass  cover  in  a  moist  cell,  we  shall  observe  that  the  coagulum  embra- 
cing the  corpuscles  retracts  from  the  borders  of  the  drop,  and  that  a  zone 
of  clear  serum  is  exuded,  which  gradually  increases  in  breadth. 

Here  also  strin  and  bands  of  coagulated  fibrin  may  be  isolated  by  break- 
ing up  the  coagulum  and  thorough  elutriation  with  water. 

The  fibrinous  coagulum  appears  doubly  refractile  under  the  polarizing 
microscope. 

We  shall  hereafter  revert  to  the  behavior  of  the  blood  corpuscles  in  the 
fibrinous  coagulum. 

The  Red  Blood  Corpuscles. — ^A  knowledge  of  the  general  sti-ucture  of 
*  Compare  KiUme,  Lehrbuch  der  Phynologuchm  ChenUe.    Leipzig,  1866,  pp.  163  to 
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these  bodies  cannot  here  be  discussed,  but  will  be  taken  for  granted  in  the 
course  of  the  following  observations. 

After  the  blood  corpuscles  had  once  been  seen  by  Swammerdam  in  the 
Frog  in  1658,  by  Malpighi  in  the  Hedgehog  in  1661,  and  by  Leeuwenhoek 
in  Man  in  1673,  numerous  observations  were  accumulated  respecting  them, 
perhaps  even  to  a  greater  extent  than  upon  any  other  *  morphological  ele- 
ment of  the  animal  body.  Up  to  the  present  time,  however,  no  structural 
arrangements  have  been  discovered  in  them  with  the  microscope  that  can 
enable  us  to  furnish  an  explanation  of  all  or  even  of  the  greater  number  of 
the  phenomena  they  display. 

Compared  with  other  morphological  elements  of  the  tissues,  the  red  blood 
corpuscles  appear  so  peculiar,  and  are  so  readily  and  permanently  alterable 
by  the  action  of  numerous  and  often  not  obvious  external  influences,  and 
present  so  many  remarkable  appearances,  that  statements  based  upon  mere 
analogy  can  only  be  received  with  the  most  profound  distrust. 

The  results  that  have  been  obtained  by  direct  observation  and  inquiry 
will  therefore  here  first  be  given,  in  order  that  we  may  not  become  confused 
with  theories  that  have  been  inconsiderately  advanced;  the  views  of  various 
histologists,  founded  on  their  own  investigations,  will,  however,  be  subse- 
quently noticed. 

Form  and  Colok. — Throughout  the  whole  series  of  vertebrate  animals 
two  typical  forms  are  presented  by  the  red  blood  corpuscles.  They  form 
thin  disks,  the  contour  of  which  is  either  circular  or  elliptical.  The  circular 
disks  occur  in  Man  and  Mammals,  with  the  exception  of  the  Camel  and 
Aiichenia.  The  two  last-named  genera  have,  like  all  Birds,  Amphibia,  and 
most  Fishes,  elliptical  blood  corpuscles. 

Amongst  the  Fishes  only  a  few  Cyclostomata  (Fetromyzon,  Ammocoetes) 
are  known  to  possess  circular  disks. 

A  small  di*op  of  human  blood,  brought  as  quickly  as  possible  under  the 
microscope  in  the  form  of  a  thin  layer,  exhibits  densely  crowded  colored 
corpuscles. 

Their  color  depends  upon  hemoglobin. f  The  individual  corpuscles,  how- 
ever, do  not  appear  red  like  p\u-e  hssmoglobin,  or  its  concentrated  solutions, 
but  of  a  yellowish  or  grqen  tint,  perhaps  on  account  of  its  small  thickness, 
just  as  the  same  color  may  be  obtained  if  thin  layers  of  concentrated  wateiy 
solutions,  or  thick  layers  of  diluted  solutions,  of  hssmoglobin  are  examined, 
and  this  whether  it  be  oxy haemoglobin  or  reduced  hsmoglobin,  or  a  definite 
mixture  of  both.  The  red  color  of  the  blood  is  only  exhibited  under  the 
microscope  when  large  numbers  of  blood  corpuscles  are  examined  superim- 
posed on  one  another. 

Where  a  number  of  the  corpuscles  thus  lie  upon  one  another,  as  may 
occur  by  chance  in  every  small  drop  of  blood,  there  may  also  be  seen,  as  F. 
Hoppe,J  Preyer,§  and  Strieker  ||  have  shown,  the  characteristic  absorption 
bands  of  htemoglobin,  providing  that  a  spectrum  apparatus  of  appropriate 
construction  is  connected  with  the  microscope.  Strieker  has  also  demon- 
strated in  the  microscopic  spectrum  the  conversion  of  the  oxyhsamoglobin 


•  For  the  older  literature,  see  Milne  Edwards,  Lemons  sur  la  PJiyiMogie  et  VAnato- 
mie  comparle.    Paris,  1857,  T.  i.,  p.  41. 

!  Compare  Ktthne,  Lehrbuch  der  Physkiog,  Chemu,    Leipzig,  1866,  p.  196 
Virchow's  AreMv,  Band  xxiii.,  p.  446. 
Max  Scbultze^B  Archiv,  Band  ii.,  p.  92. 
Pfliiger'a  Arehiv,  1868,  p.  651. 
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bands  into  those  of  reduced  heemoglobin  on  alternate  exposure  to  O  and 
OO.  . 

The  circumstance  of  the  red  blood  corpuscles  being  the  carriers  of  the  color- 
ing matter  of  the  blood,  confers  upon  them  their  obviously  great  importance 
in  the  organism  at  large,  on  account  of  the  part  which  the  haemoglobin 
plays  in  the  exchange  of  the  respiratory  gases. 

As  regards  the  form  of  the  blood  corpuscles  when  examined  microsco- 
pically in  fresh  blood,  the  greater  number  of  the  isolated  corpuscles  will  be 
found  to  present  perfectly  circular  contours,  and  to  be  of  nearly  equal  ^size 
(fig.  86,  a). 

The  description  that  must  be  given  of  this  form  may  be  best  understood 

Pig.  86. 
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Fig.  86.  Red  blood  corpuscles. 

by  making  the  corpuscles  float  by  gentle  taps  on  the  covering  glass.  They 
then  offer  alternately  the  circular  form  and  another  completely  different 
one,  that,  namely,  of  short  rods  with  rounded  poles  and  slightly  hollowed 
surfaces,  and  resemble  a  finger  biscuit,  or  a  section  carried  through  the 
axis  of  a  bi-concave  lens  (fig.  86,  b).  Such  a  corpuscle,  as  it  again  revolves, 
places  itself  upon  its  edge  again,  and,  in  short,  gives  the  impression  of  a 
rotating  disk,  with  a  thinner  central  portion,  caused  by  a  fossa-like  indentar 
tion  of  the  surfaces  and  a  thickened  border.  A  solid  model  of  the  blood 
corpuscle  may  be  represented  by  the  revolution  of  the  curve  c  c  c  (Fig.  87) 
around  the  axis  a  6. 

This  form  of  blood  corpuscle  has  also  been  termed  the  saucer-shaped.  If 
the  observer  has  convinced  himself  of  the  varying  form  of  one  and  the 
same  blood  corpuscle,  he  will  understand  how  in  every  blood  drop  there 
are  presented  to  his  eye  numbers  of  such  corpuscles  standing  on  their  edge. 
Nevertheless,  the  number  of  those  which  are  lying  on  their  flat  surfaces  is 
always  much  gi-eater. 

Lateral  views  of  the  blood  corpuscles  are  also  very  commonly  obtained 
on  account  of  the  adherence  of  the  corpuscles  in  groups  to  one  another  by 
their  broad  surfaces.  Chain-like  forms  are  thus  produced,  which,  when 
viewed  laterally,  resemble  rouleaux  of  coin  (fig.  86,  c).  The  cause  of  this 
formation  of  rouleaux,  which  is  frequent  in  fresh  blood,  has  not  as  yet  been 
discovered.     It  does  not  occur  within  the  vessels.     It  is  seen  not  only  in 
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freshly  drawn  blood,  but  also  in  blood  which  has  been  immediately  whipped, 
and  thus  freed  from  fibrin,  though  it  may  afterwards  have  remained  for 
some  time  at  rest.* 

Besides  the  corpuscles  just  described,  which  are  by  far  the  most  abundant, 
M.  Schultzef  constantly  found  in  the  blood  of  himself  and  of  a  few  other 
persons  a  small  number,  varying  with  the  period  of  the  day,  of  minute 
bodies,  differing  from  the  ordinary  corpuscles  in  their  spheroidal  form  and 

Fig.  87. 


Fig.  87.  Diagrammatic  section  of  one-half  of  a  blood  coipascle. 

in  some  other  peculiarities,  together  with  transitional  forms  between  them 
and  the  ordinary  corpuscles.  Further,  in  accordance  with  the  frequently 
cited  observation,  though  standing  much  in  need  of  confirmation,  of  Leh- 
mann,;(  the  blood  of  the  hepatic  vein  contains  corpuscles  of  smaller  size 
and  more  spheroidol  form  than  usual,  whilst  those  of  the  portal  vein  are  of 
the  ordinary  kind. 

The  surface  of  the  common  form  of  corpuscle  appears  smooth,  and  the 
substance  of  the  disk  exhibits  in  its  interior  no  indication  of  any  difference 
in  the  index  of  refraction  of  its  several  parts.     In  passing  frqm  the  centre 

Fig.  88. 


to  the  circumference,  however,  there  is  a  distinct  change  in  the  color  and 
transparency.  In  that  position  of  the  corpuscle  in  which  the  disk  appears 
broadest  and  its  edge  most  sharply  defined,  the  centre  is  transparent,  and 
the  lateral  portions  are  darker,  whilst  the  extreme  edge  again  presents  a 
clearer  ring.  The  latter  is  occasioned  by  the  refraction  which  transmitted 
light  expei-iences  in  the  focal  plane  of  the  microscope  when  it  traverses 
oi^ects  bounded  by  circular  contours.  § 

*  See  Rollett,  Wiener  Akadetn.  BenchUy  Band  L,  Abth.  11.,  p.  188. 
•f  ArcMf)fur  Mikroskop,  Antomie^  Band  i.,  p.  85. 
1  Physioioffisehe  Chemte^  Band  ii.,  pp.  85  and  232. 

§  Niigeli  and  Schwendener,  Das  Mikraskop^  Theil  i ,  p.  184,  et,  seq,    Hartiiig,  Dot 
Mikroskop,    Braunsohweig,  1866,  Band  ii.,  p.  26,  et.  seq. 
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The  appearance  presented  by  human  blood  corpuscles  is  different  from 
that  of  the  corpuscles  of  animals  with  elliptical  corpuscles.  External  to 
the  elliptical  border  of  the  flat  surface  of  the  disk  there  may  be  observed, 
at  least  in  Birds,  Amphibia,  and  Fishes,  a  different  structure  when  the  disk 
stands  on  its  edge.  The  optical  section  of  the  long  axis  appears  here  also 
slender,  elongated,  and  rounded  at  the  extremities.  The  long  sides,  how- 
ever, have  a  projection  at  their  centre  (fig.  88,  b).  This  prominence  cor- 
responds with  an  area  situated  near  the  centre  of  the  disk,  which,  in  com- 
parison with  the  remaining  colored  mass  of  the  corpuscle,  appears  whiter 
than  the  rest.  This  is  sometimes  more  or  less  circular  as  in  the.  Bird,  or 
elliptical  as  in  the  Frog,  Triton,  and  land  Salamander ;  it  is  often  quite 
smooth,  but  also  frequently  presents  fine  indications  of  dark  points  or  stri». 

This  spot  corresponds  to  a  structure  which  possesses  no  analogue  in  the 
fully  developed  blood  corpuscles  of  Man  and  Mammals,  but  behaves  itself 
qaite  differently  from  the  remaining  substance  of  the  corpuscle,  and  shows  at 
least  as  great  an  amount  of  agreement  with  the  sti-ucture  termed  the  nucleus 
in  other  animal  cells,  as  do  the  nuclei  of  the  different  cells  with  one  another. 
In  common  with  most  histologbts,  we  shall  designate  this  sti-ucture  as  the 
nucleus  of  the  blood  corpuscles. 

The  fully  developed  elliptical  corpuscles  of  the  Camel  *  and  Auchenia  are 
as  destitute  of  a  nucleus  as  the  circular  corpuscles  of  Man  and  other  Mammals. 

It  thus  appears  that  we  may  divide  the  blood  corpuscles  of  animals  into 
two  classes,  the  nucleated  and  the  non-nucleated.  It  must,  however,  be 
mentioned  at  once,  that  nucleated  blood  corpuscles  occur  at  an  early  period 
of  the  development  of  the  blood  both  in  Man  and  Mammals. 

Size  of  the  Red  Blood  Corpuscles. — There  is  a  large  amount  of 
literature  bearing  on  the  subject  of  the  micrometric  investigation  of  the 
blood. 

The  considerably  differing  results  of  the  measurements  that  have  been 
recorded  have,  for  the  most  part,  only  a  relative  value.  The  micrometer 
employed  has  not,  as  a  rule,  been  reduced  to  a  definite  standard.  Exact 
comparison  with  a  standard,  it  is  well  known,  is  no  easy  matter  even  for 
macroscopic  measurement.  But  it  is  still  more  diflicult  in  the  case  of  the 
micrometer.  Hartingf  and  WelckerJ  have,  on  this  account,  detailed 
8pe<fial  methods  by  which  the  measurement  of  blood  corpuscles  may  be 
accomplished. 

As  a  rule,  only  the  size  of  those  blood  corpuscles  should  be  compared, 
which  have  been  obtained  by  the  same  observer  with  the  same  instrument. 
It  is  self-evident  also,  when  all  the  foregoing  remarks  are  fully  taken  into 
consideration,  that  only  those  measurements  are  serviceable  for  comparison, 
in  which  an  exact  statement  is  made  of  the  conditions  under  which  they 
have  been  made. 

Hence,  we  must  be  on  our  guard  respecting  the  inconsiderate  employment 
of  the  various  tables  that  have  been  published  on  the  size  of  the  blood  cor- 
puscles in  different  animals. g  The  absolute  dimensions  obtained  by  Welcker||: 
with  a  micrometer,  are : — 

*  Doirn^,  Caun  de  Mwraseopie,  eta,  PariB,  1843,  p.  70;  Camptes  Bmdus,  T.  xiv., 
p.  367. 

tlku  Mikroskop,  etc.,  Band  ii.,  p.  288,  et  seq, 
ZeiUehriftfur  ratumdk  Medtein,  3  R.,  Band  xx.,  p.  269. 
§  The  mo0t  extensive  tables  on  this  subject  are  to  be  found  in  Milne  Edwazds,  loc, 
«tp.  84. 
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For  man  on  an  average  expressed  in  millmetres : — 

Min.  Max. 

Diameter  of  disk 000774  (000640  0-00860) 

Greatest  thickness  of  the  disk.. 0  00190 

In  six  males  and  three  females  a  minimum  was  observed  of  0'0045  milli- 
metre, and  a  maximum  of  0*0097,  all  occurring  between  the  terminal  values, 
the  smallest  excepted,  being  very  nearly  of  equal  size. 

The  measurements  were  made  on  the  corpuscles  of  fresh  blood,  or  of  blood 
dried  in  thin  layers  on  glass. 

The  measurements  given  by  Welcker  for  the  small  red  corpuscles,  de- 
scribed by  Max  Schultze, are  0*005 — 0*006  millimetre;  and  from  these,  gradual 
transitional  forms  may,  according  to  Max  Schultze,  be  traced  up  to  those  of 
ordinary  diameter,  from  0*008  to  0*010  millimetre. 

We  are  indebted  to  Welcker  for  exact  measurements  of  the  corpuscles  in 
various  animals,  and  a  few  of  his  mean  values  will  be  found  in  the  subjoined 
note.* 

The  smallest  corpuscles  are  those  of  the  Moschus  Javanicus.  Amongst 
the  largest  are  those  possessed  by  the  perennibranchiate  Proteus  anguinus, 
and  the  Siren  lacertina  (the  long  diameter  of  which  amounts  to  -^  mm.  and 
the  short  to  ^^  mm.).f  The  largest  known,  according  to  Riddel,j  are  those 
of  the  Amphiuma  tridactylum,  which  are  one-third  larger  than  those  of  the 
Proteus. 

Welcker  §  employed  a  very  short  cylinder  of  plaster  of  Paris,  the  pro- 

*  Loc.  dt.,  p.  279. 

I.  CiRCULAB  Corpuscles. 

Dog 00073 

Cat 00065 

Rabbit 0  0069 

Bheep 00050 

Goat  (old) 00041 

Goat  (8th  day) 00054 

Moschus  Jayanicus 0*0025 

Petromyzon  marl 00150 

Ammocoet  branch O-'OIH 

II.  Elliptical  Corpusclbb. 

a,  Long  diameter ;  b,  short  diameter. 

a.  b. 

Lama 00080  00040 

Pigeon  (old) 00147  00065 

Pigeon  (fledged) 00137  00078 

Pigeon  (fledged) 0-0126  00078 

Duck 00129  00080 

Fowl 00121  00072 

Rana  temporaria 00223  0-0157 

Rana  temp,  (dry) 0.0214  00156 

Triton  Cristatus 00293  00195 

T>    ,^„„,-       ,  o. i    00582  00337 

Proteus  (1  and  2) |   Q.^^r^g  q,^^^ 

Sturgeon. 00134  00104 

Cyprmus  Album. ..'...  .^ 00131  00080 

Lepidosiren  Annectens.  .* 0'0410  0*0290 

4-  Milne  Edwaids,  loc.  dt,,  p.  89. 

I  Journal  de  la  Phyiidlogie,  Band  ii.    Paris,  1869,  p.  159 

g  Loc.  cit.^  pp.  265-275. 
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portion  of  the  radius  to  the  height  of  which  was  estimated  to  correspond 
with  the  dimensions  of  the  blood  corpuscles ;  and  by  scooping  out  the  sur- 
fece,  and  rounding  off  the  edge,  he  obtained  a  curvature  of  the  surface,  which, 
to  the  eye  (!)  was  similar  to  that  of  the  blood  corpuscles  (compare  fig.  87). 
He  thus  determined  the  mean  volume  of  human  blood  corpuscles  to  be 
OOOOjOOOyO 7 2, 2 1 7  of  a  cubic  millimetre.  Welcker,  moreover,  carefully  lined 
the  interior  of  this  model,  which  was  5,000  times  larger  than  the  corpuscles, 
with  paper  of  uniform  thickness,  then  weighed  the  paper  used,  and  compared 
this  with  the  weight  of  a  known  superficial  measure  of  the  same  paper. 
From  the  data  thutf  obtained  he  estimated  that  the  superficies  presented  by 
a  blood  corpuscle  amounts  to  0*0,001,280  square  millimetre.  It  is  sufficient- 
ly obvious  that  these  numbers  have  only  a  coarsely  approximative  value. 

Number  of  the  Red  Corpuscles. 

Estimates  of  the  number  of  the  corpuscles  have  also  been  undertaken  with 
the  microscope.  This  method  was  suggested  by  Vierordt,  and  has  been  mod- 
ified by  Welcker.* 

Their  direct  enumeration  may  be  accomplished  in  the  following  way : — 

A  measured  volume  of  blood  is  diffused  as  equably  as  possible  in  a  thou- 
sand times  its  volume  of  an  indifferent  fluid  (six  grammes  of  Na.  CI.  in  one 
litre  of  water,  according  to  "Welcker),  a  small  quantity  of  the  mixture  is 
taken  up  in  a  capillary  tube  of  known  calibre,  and  the  length  of  the  thread 
of  fluid  is  estimated  under  the  microscope  by  means  of  a  micrometer.  When 
the  contents  of  the  tubule  have  thus  been  ascertained,  they  are  quickly  dis- 
tributed with  a  little  solution  of  gum  upon  a  slide,  and  the  whole  is  allowed 
to  dry.  The  preparation  is  covered  with  a  micrometer  divided  into  squares, 
and  the  corpuscles  in  the  several  squares  can  then  be  successively  counted. 
In  one  experiment  Vierordt  used  0*0005 — 0*0008  cubic  millimetre  of  blood, 
in  which  about  from  2,000  to  3,000  corpuscles  were  counted  in  the  space 
of  an  hour. 

Comparative  enumerations,  with  test  specimens  of  blood  diluted  to  various 
extents,  and  measured  in  capillary  tubes  of  various  widths,  gave  a  difference 
of  two  to  three  per  cent,  in  the  numbers,  and  seldom  amounted  to  five  per 
cent. 

In  a  cubic  millimetre  of  the  healthy  blood  of  a  man,  5,000,000  red  blood 
corpuscles  were  estimated  to  be  present. 

From  this,  and  from  the  above-stated  dimensions  respecting  the  volume 
and  suiiiEu^  of  the  corpuscles,  there  appear  to  be  in  a  hundred  volumes  of 
blood  thirty-six  volumes  of  corpuscles  and  sixty-four  volumes  of  plasma. 
The  surface  of  the  corpuscles  in  one  cubic  millimetre  may  be  estimated  to 
amoimt  to  643  square  millimetres. 

Vierordt,  Welcker,  and  Stobdng  have  also  counted  the  blood  corpuscles 
of  various  animals. 

Alterations  of  the  Red  Blood  Corpuscles. 

We  shall  now  pursue  another  line  of  inquiry.  Up  to  the  present  time, 
independently  of  the  above-given  enumerations,  we  have,  as  far  as  possible, 
considered  the  blood  corpuscles  in  their  normsll  condition.     We  are,  how- 

•  Vierordt,  Archivfu/r  PhysM.  EinOkunde,  Band  xi.,  pp.  26,  327, 854 ;  xiii.,  p.  259 ; 
Orundrm  der  Phytici,,  8.  Aaflage,  1824,  pp.  8,  9.  Welcker,  Prager  Viertdjahreschrift, 
Band  xliv.,  p.  60 ;  uiid  ZeiUchriftfUr  rationdU  Medidn,  3  R.,  Band  xx.,  p.  280. 
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ever,  indebted  for  much  important  information  to  the  observation  of  certain 
changes  which  the  corpuscles  undergo  under  various  circumstances,  as  well 
as  to  the  results  obtained  from  experimental  histology. 

For  the  purposes  of  inquiry  into  the  nature  of  the  red  coipuscles,  mechan- 
ical agents,  the  discharge  of  the  Leyden  flask,  the  application  of  induced  and 
constant  currents,  exposure  to  heat  and  cold,  and  lastly,  the  addition  of 
various  chemical  agents  have  been  employed. 

1.  In  freshl}'  prepared  specimens  of  human  blood  it  may  frequently  be 
seen,  after  the  lapse  of  a  variable  space  of  time,  that  the  borders  and  sur- 
faces of  the  corpuscles  have  lost  their  smooth  aspect.  The  borders  appear 
dentated ;  the  surfaces,  as  may  best  be  seen  when  the  corpuscles  are  rolling 
over^  are  beset  with  little  eminences.  At  the  same  time  the  corpuscles  be- 
come smaller  and  more  spherical  (fig.  89).  A  few  such  corpuscles  are  often 
visible  in  fresh  blood,  immediately  after  it  has  been  drawn,  so  that  it  is  dif- 
ficult to  determine  whether  they  are  pre-exiatent  in  it,  whilst  it  is  still  cir- 
culating, or  not.  It  is  certain  that,  in  blood  abstracted  from  healthy  per- 
sons, in  many  instances,  nearly  all  the  corpuscles  undergo  this  alteration,  and 

Fig.  89. 


this  is  stated  (by  Max  Schultze)  *  to  occur  with  still  greater  rapidity  in  those 
suffering  from  febrile  diseases.  The  corpuscles  thus  altered  have  been  de- 
scribed as  mulberry-shaped,  and  the  phenomenon  regarded  as  a  steUate  con- 
traction of  the  corpuscle.     It  was  well  known,  long  ago,  to  Hewson.  f 

The  evaporation  of  water,  and  perhaps  the  cooling  of  the  blood,  are 
conditions  favorable  to  these  changes.  But  they  may  also  occur,  as  will 
hereafter  be  shown,  even  when  such  conditions  are  not  present.  The  ap- 
pearances are  presented  by  the  corpuscles  of  Mammals,  as  well  as  by  those 
of  Man.  And  analogous  phenomena  are  occasionally,  though  rarely,  pre- 
sented by  the  elliptical  and  nucleated  corpuscles. 

The  blood  corpuscles  of  Salamandra  maculata,  and  of  Triton  orystatus 
and  taeniatus  easily  assume  a  mulberry-like  form  under  the  microscope.  In 
the  blood  of  the  Frog  the  phenomena  first  make  their  appearance  as  a  con- 
sequence of  the  operation  of  external  agents,  and  the  corpuscles  then  become 
exactly  similar  to  those  of  Mammals. 

2.  From  the  action  of  mechanical  agents  on  the  blood  corpuscles  we  learn 
that  their  substance  is  composed  of  an  extremely  extensible  and,  within 
wide  limits,  completely  elastic  material. 

That  the  blood  corpuscles  become  elongated  in  their  passage  through  the 
vessels,  and  that  they  also  become  curved  in  traversing  the  angles  of  division 
of  the  vessels,  were  facts  well  known  to  the  older  observers. 

Lindwurm,!  in  thick  solutions   of  mucilage;  Hassall,§   in   microscopic 


♦  Loc.  cit. 

j  Opus  pasthumum,  pp.  19,  20. 

;  Zeitaehrift  fur  rationdU  Msdicin,  Band  vL,  p.  266. 

§  Mierascopie  Anatomy^  p.  81,  et  aeq.,  plate  ii.,  fig.  6. 
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coagula ;  and  Henle,*  in  tbick  semi-fluid  jelly,  all  saw  the  blood  corpuscles 
assume  a  distorted  or  elongated  and  sometimes  an  extremely  elongated  fusi- 
form shape. 

The  greatest  variety  of  such  forms  is  obtained  when  defibrinated  blood  is 
imbedded  in  pure  solution  of  gelatine,  melting  at  35°  to  36"*  C.  (95°  to  97° 
F.) ;  from  which,  again,  when  it  has  become  stiff,  fine  sections  can  be  pre- 
pared, and  placed  under  a  covering  glass ;  we  may  here  particularly  observe 
in  such  sections  through  the  clefts  of  the  gelatine,  how  the  parts  of  the  cor- 
puscles drawn  out  into  various  forms,  and  often  much  attenuated,  are  always 
pale,  and  often  even  without  perceptible  color;  whilst  the  swollen  parts 
appear,  on  the  other  hand,  more  deeply  tinted.  Long  processes  extend  from 
some  of  the  corpuscles,  which  ultimately  divide  without  coalescing  with 
others.  The  nuclei  of  the  elliptical  blood  corpuscles  are  somewhat  less 
yielding,  and  they  are  frequently  found  to  be  completely  detached  from  the 
substance  of  the  blood  corpuscles ;  these,  however,  in  many  instances,  as  is 
deserving  of  special  mention,  do  not  in  consequence  suffer  any  notable 
change,  either  in  their  diameter  or  in  their  capabilities  of  resistance,  f  In- 
stances of  the  mechanical  influences  inducing  change  in  the  form  of  the  red 
corpuscles  occur,  as  already  pointed  out,  in  the  movement  of  the  blood 
while  circulating.  E.  H.  Weber,  J  in  1830,  adduced  his  own  observations 
upon  this  point,  and  referred  to  the  numerous  ones  made  previously  to  the 
time  of  Leeuwenhoek. 

The  phenomena  may  be  well  seen  in  examining  the  circulation  in  the 
membrane  of  the  foot,  and  in  the  tongue  or  mesentery  of  the  frog. 

According  to  Rollett,  in  the  circulating  blood  of  Mammals,  as,  for  in- 
stance, of  guinea-pigs,  that  have  been  narcotized  with  opium,  the  red  cor- 
puscles of  the  blood  do  not  retain  their  ordinary  average  form  in  the  mesen- 
teric vessels,  when  driven  forward  with  the  stream ;  but  become,  during  their 
flow,  more  or  less  irregular  in  outline. §  If  the  current  be  retarded  or  alto- 
gether arrested,  or  if  the  blood  corpuscles  are  compressed  against  each  other, 
or  against  the  interior  of  the  vascular  wall,  they  assume  the  same  appearance 
as  that  which  we  have  above  described  as  characteristic  of  the  fresh  blood 
corpuscles.  Moreover  in  diapaidesis,  as  it  has  been  described  from  direct 
observation  by  Strieker,  |  Prus8ak,T  and  others,  the  phenomena  we  are  now 
considering  may  be  observed  in  the  red  corpuscles  during  their  transit 
through  the  vascular  wall. 

Lastly,  it  is  to  be  observed  that  the  blood  corpuscles,  notwithstanding 
their  great  extensibility,  may  be  broken  up  by  mechanical  means.**  This 
may  easily  be  accomplished  if  a  drop  of  fresh  blood  be  quickly  expanded 
into  a  thin  layer  by  the  pressure  of  a  glass  cover,  which  after  the  lapse  of  a 
few  seconds  is  raised,  and  again  firmly  pressed  down ;  there  may  then  be 
seen  colored  spheroidal  or  discoidal  fragments.  In  nucleated  corpuscles,  as  in 
those  of  the  frog  and  triton,  isolated  nuclei  are  often  visible,  which  are 
usually  round,  frequently  distorted,  and  always  granular.  The  number  of 
the  colored  fragments  is  always  small  in  comparison  with  these,  proving  that 
the  substance  of  the  blood  corpuscles  becomes  to  some  extent  finely  distrib- 

*  Canstatt'a  Jahretberichte,  1850,  Band  I,  p.  32. 

[Rollett,  Sitzungsbmichte  der  Wiener  Akademie,  1862,  Band  xl.,  vol  1.,  pp.  65-71. 

\  Handbuch  der  Anatomie^  Band  i.    Braunschweig,  1830,  p.  159. 

\  fUttungAerichte  der  Wiener  Akademie^  Band  1.,  p.  196. 

\Ijoe.  cU,,  Band  Hi.,  p.  886. 
1  Loc.  dt,,  Band  Ivl,  p.  13. 
♦*  Hensen,  ZeiUchrift  ffir  wisnemchaftUche  Zoc^ogU,  Band  xi.,  p.  260.    Vintschgau, 
AtU  <Wr  Inetituto  Veneto,    Eostr,  dal  vol.  vii.,  ser.  iii,  p.  3-6. 
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uted  through,  or  actually  dissolved  in,  the  surroundijog  fluid,  which  iix 
point  of  fact  appears  slightly  tinted.  In  anticipation  of  observations  here- 
after to  be  mentioned,  it  must  be  specially  remarked  that  in  these  re- 
searches no  shrivelled  colorless  shreds  were  noticed  representing  remains  of 
the  broken-down  corpuscles. 

3.  The  characters  presented  by  the  blood  corj)uscles  on  drying  also  deserve 
mention.  C.  Schmidt*  has  observed  that  when  a  thin  layer  of  blood  cor- 
puscles is  dried  upon  glass,  they  remain  extended,  and  do  not  imdergo  any 
remarkable  change  in  the  dimensions  of  their  larger  diameter.  Welcker  f  and 
others  have  corroborated  this  statement.  The  clear  spot  of  the  non-nucleated 
corpuscles,  to  which  alone  the  above  statement  is  strictly  applicable,  comes, 
under  these  circumstances,  very  distinctly  into  view,  but  passes  without 
sharp  defijiition  into  the  surrounding  darker  parts. 

The  nucleated  corpuscles  do  not  remain  quite  unaltered  in  the  dimensions 
of  their  surfaces ;  the  vaiiation  is,  however,  of  small  amount.  Many  retain 
their  form  and  smoothness ;  others  become  curved  or  sinuous.  The  clear 
spot  corresponding  to  the  nucleus,  and  its  delicate  markings,  come  more  dis- 
tinctly into  view.  In  some  corpuscles  the  nucleus,  after  drying,  always  ap- 
pears very  sharply  defined,  and  separated  from  the  remaining  substance  of 
the  blood  corpuscles  by  a  clear  reddish  refractile  border  investing  it  like  a 
wall,  and  making  it  appear  as  if  lying  in  a  cavity.  In  blood  dried  in  masses 
the  blood  corpuscles  are  found  to  present  manifold  changes  of  foim  and  to 
become  ultimately  attached  to  one  another,  so  that  it  is  difi^cult  to  recog- 
nize them  in  frgments  of  dried  crust. 

4.  In  the  coagula  which  originate  in  the  lymph  sacs  of  frogs  or  salaman- 
ders after  bleeding,  according  to  Kindfleisch  J  and  Preyer,§  colored  or  color- 
less processes  are  protruded  from  the  substance  of  the  corpuscles,  which  are 
at  first  smooth,  but  afterwards  resemble  a  string  of  pearls.  According  to 
Preyer,  these  can  be  again  withdrawn,  or  may  become  completely  isolated, 
or  may  separate  into  a  few  spheroidal  masses.  Beale  |  saw  similar  changes 
occur  in  the  red  corpuscles  on  a  slide,  in  consequence  of  evaporation  (?  co- 
agulation) and  warming. 

5.  In  order  to  observe  the  effect  of  electrical  discharges^'  and  of  induction 
.  currents  upon  the  blood  corpuscles,  the  arrangement  exhibited  in  pp.  14, 15, 

of  this  manual  may  be  employed,  except  that  it  is  better  to  provide  the  cop- 
per pole  with  clips  than  with  hooks.  In  these  the  ends  of  the  induction 
coil  or  the  ends  of  a  transversely  divided  discharging  rod  of  a  Leyden  flask 
are  received,  so  that  the  tin-foil  electrodes  make  a  complete  arc  of  union 
with  the  blood  found  between  them  and  the  wires.  In  order  to  enter  more 
minutely  into  the  phenomena  which  can  be  observed  under  the  microscope, 
it  is  necessary  in  ijie  first  instance  to  bear  in  mind  the  results  of  microscopic 
experiments. 

If  the  blood  of  a  mammal  be  introduced  into  the  arc  of  discharge  of  a 
Leyden  phial,  and  a  series  of  shocks  be  passed  through  it,  it  becomes  altered, 
losing  its  opacity,  and  assuming  a  transparent  lake-like  tint.  Microscopic 
examination  shows  that  the  blood  corpuscles  become  altered,  ultimately 
presenting  only  extremely  delicate,  pale,  and  feebly  refracting  particles.     If 

Die  Diaffnastik  verddchUger  Flecks.    Mitau  and  Leipzig,  1848,  p.  3,  et  seq. 
Loc.  at,  p.  261.  • 

Experimental  Studien  aber  die  Histohgie  des  Blates.    Leipzig,  1863,  p.  8. 
Virchow's  Arehiv,  Band  xxx.,  p.  417. 
Quarterly  Journal  of  AficrosoopuxU  Science,  No.  13,  1864. 

RoUett,   Sitzungsberichte  der   Wiener  Akademie^  Band  xlvi.,  pp.  92-07;  Band 
xlvii,  pp.  356-390;  Bandl.,  pp.  178-202. 
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in  a  consecutive  series  of  examinations  the  number  of  the  discharges  requi- 
site to  produce  the  most  complete  transparency  possible  be  taken  as  a  meas- 
ure of  comparison  for  the  clarifying  power  of  the  discharging  current,  we  ar- 
rive at  the  following  conclusion : — 

The  action  of  each  successive  shock  is  superadded  to  those  w^hich  pre- 
cede it. 

The  transparency  of  each  element  of  the  conductor  formed  by  the  blood 
is  dependent  on  the  intensity  (density)  of  the  current  acting  upon  the  unit 
of  its  transverse  section  with  which  it  proportionally  increases ;  it  is  also 
dependent  upon  the  amount  of  what  may  be  termed  the  specific  resistance 
of  the  blood  corpuscles,  which  differs  in  different  kinds  of  blood,  and  with 
^e  increase  of  which,  though  not  in  a  hitherto  clearly  ascertained  ratio,  the 
clarifying  influence  diminishes. 

With  a  given  specific  resistance  of  the  blood  corpuscles,  and  with  given 
size  and  specific  conductivity  of  the  blood,  the  course  of  the  phenomena 
can  be  varied  according  to  the  quantity  and  mean  intensity  of  the  electrici- 
ty in  the  phial. 

The  most  advantageous  distance  of  the  tin-foil  electrodes  from  one  another 
for  microscopic  investigations  is  six  millimetres ;  between  these  a  thin  layer 
of  blood,  covered  with  a  thin  plate  of  glass,  should  be  introduced,  and  a 
Leyden  flask  employed,  presenting  a  surface  of  about  five  hundred  square 
centimetres,  with  a  striking  distance  of  one  millimetre.  Striking  distances- 
of  greater  extent  cannot  be  used,  as  the  blood  with  the  glass  cover  may  be 
easily  displaced,  the  sparks  then  passing  directly  from  one  electrode  to- 
another.  Moreover,  the  surface  of  the  flask  must  not  materially  ex- 
ceed the  above,  or  the  discharging  shock  will  occasion  electrolysis 
(scarcely  perceptible  in  the  above-mentioned  ariaiigement)  to  occur  to  an 
extent  which  may  seriously  interfere  with  the  result.  When  these  condi- 
tions are  preserved,  and  the  discharges  are  made  to  succeed  each  other  at 
ititei-vals  of  from  three  to  five  minutes,  the  following  consecutive  changes 
may  be  observed  in  the  blood  corpuscles : — 

The  circular  disk-like  corpuscles  (tig.  90,  a)  in  the  first  instance  present 
one  or  two  projections  at  theii-  borders,  and  these  gradually  increase  in  num- 
ber to  three,  five,  or  more. 

Fig.  90. 


I  have  named  this  form  the  rosette  fonn  (fig.  90,  b) ;  it  passes  gradually 
into  the  mulberry  form  (fig.  90,  c),  which  can  always  be  produced  at  will  by 
the  discharge.  To  this  succeeds  a  stage  in  which  the  processes  become 
pointed,  so  that  the  corpuscles  assume  more  the  form  of  a  paradise  apple 
(horse  chestnut)  (fig.  90,  d).  Lastly,  all  the  spikes  are  withdrawn,  and  a> 
colored  corpuscle  results  (fig.  90,  e),  which  then  loses  its  color,  and  a  smooth 
colorless  body  is  left  (fig.  90,  j^),  that  long  remains  in  the  fluid  in  an  unal- 
tered condition. 

In  the  case  of  the  frog  the  blood  corpuscles  first  assume  a  spotted  appear- 
ance. Local  thickenings  then  occur  in  the  direction  of  the  shortest  diame- 
ter,  which  for  the  most  part  proceed  radially  from  the  nucleus  (fig.  91,  a  and 
6).  This,  however,  is  not  always  the  case ;  for  it  sometimes  happens  that' 
18 
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the  thickenings  are  nearly  perpendicular  to  the  longest  diameter  of  the  cor- 
puscle, and  cross  it  in  the  form  of  transverse  bands.  The  latter  is  of  most 
frequent  occuiTence  in  the  blood  of  tritons.  Upon  this  stage,  which  is  ob- 
viously analogous  to  the  first  (flg.  90,  b)  and  to  the  second  (fig.  90,  c)  stage 
in  the  blood  corpuscles  of  Mammals,  there  follows  a  stage  in  which  the  cor- 
puscles again  become  smooth ;  their  substance  is  then  equably  thickened, 
but  the  two  other  diameters  have  become  somewhat  smaller,  whilst  the  mass 
either  on  one  or  both  sides  of  the  nucleus  bacomes  swollen,  so  that  the  lat- 
ter, as  it  were,  closes  a  communication  between  the  halves  of  a  double  fim- 
nel.     At  length  the  walls  of  these  funnels  coalesce,  and  the  corpuscles  be- 

Fig.  91. 


come  egg-shaped  or  round.  In  the  latter  condition  they  are  at  first  still 
colored,  but  at  a  later  period  they  gradually  lose  their  coloring  material,  and 
there  then  only  remains  a  dull  colorless  mass  surrounding  the  nucleus.  The 
nuclei  appear  somewhat  rounded  and  more  clearly  visible  in  their  interior. 

Just  as  the  coalescence  of  corpuscles  may  be  observed  to  occur  at  the 
points  where  they  are  accidentally  in  contact,  so  it  frequently  happens  that 
two  or  more  blood  corpuscles,  when  they  have  become  colored  spheroids, 
completely  coalesce  with  each  other.  The  largest  spheroids  with  numerous 
nuclei  then  lose  their  coloring  matter  just  in  the  same  manner  as  the  indi- 
vidual corpuscles.  Another  highly  remarkable  phenomenon  Ls  that  the 
nucleus  may  escape  suddenly  or  gradually  from  the  corpuscles.  Non- 
nucleated  colored  spheroids  thus  originate,  which  again  gradually  lose  their 
color.  Neumann  also  has  subjected  the  operation  of  induction  currents 
upon  the  blood  corpuscles  to  examination,  and  the  phenomena  he  has  ob- 
served agree  in  all  essential  particulars  with  those  that  have  been  above 
described. 

On  the  other  hand,  the  constant  electric  current  does  not  produce  these 
effects.  It  only  produces  alterations  in  the  blood  corpuscles  in  the  immedi- 
ate neighborhood  of  the  metallic  electrodes  ;  those  observed  at  the  positive 
pole  being  similar  to  those  effected  by  acids,  and  those  of  the  opposite 
pole  to  those  of  the  alkali  which  is  there  set  free.*  We  shall  hereafter 
enter  more  fully  into  the  action  exerted  by  acids  and  alkalies  on  the  cor- 
puscles. 

6.  After  Klebs,f  Rollett,J  and  Beale  §  had  originally  described  the  influ- 
ence of  increased  temperature  on  the  red  blood  corpuscles.  Max  Schultze  || 

♦  RoUett,  loc.  eit.,  Band  xlvii.,  p.  359-  Band  lii.,  p.  257.  A.  Sehmidt,  Virchow's 
Archiv,  Band  xxix. ,  p.  29 ;  UdmaUAogisehe  Studieru  Dorpat,  1865,  p.  116.  Neumann, 
Reichert  and  Du  Bois'  Archiv,  1865,  pp.  682-690. 

fCentralblaUfur  die  nUidicin,    Wissenschafteriy  1863,  p.  851. 
Loc,  dt.,  Band  1.,  p.  192. 
Loc  dt, 
Loc.  dt^y  p.  1. 
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first  applied  a  more  exact  and  methodic  mode  of  investigation  by  means  of 
the  slide  he  has  constructed,  which  is  capable  of  being  heated  to  a  definite 


At  about  52°  C.  (125°  F.)  the  red  corpuscles  of  man  present  first  shallow 
and  then  deep  fissures,  which  ultimately  lead  to  the  detachment  of  spherical 
masses.  Some  blood  corpuscles  assume  various  shapes,  or  thrust  foHh  mo- 
niliform  fibres.  The  latter  forms  immediately  remind  one  of  those  found  by 
Rindileisch  and  Preyer  in  extravasated  blood.  Finally,  spheroidal  colored 
drops  are  always  found,  so  that  the  middle  part  of  the  original  corpuscles 
corresponds  to  one  of  the  larger  of  such  fragments,  which,  varying  in  mag- 
nitude fi-om  this  to  an  almost  molecular  fineness,  are  beset  with  smaller 
particles  at  their  margin,  or  are  surrounded  by  a  series  of  them  in  a  free 
state.  The  alterations  described  by  Klebs  as  occurring  at  a  temperature 
of  38°  C.  (100°  F.)  were  not  observed  by  Max  Schultze.  From  observations 
made  in  a  water  bath,  Kollett  ascei'tained  the  tempei*ature  at  which  the 
blood  corpuscles  became  spheroidal  to  be  between  40°  and  50°  C.  (104° — 
122''  F.)  The  changes  in  the  corpuscles,  however,  do  not  occur  suddenly, 
bnt  only  after  long  exposure,  and  without  the  segmentation  observed  at  52 ' 
C.  (125°  F.) 

Lake-colored  blood,  according  to  Max  Schultze,  is  first  obtained  when  the 
temperature  is  raised  to  60°  C.  (140°  F.) 

At  about  53°  to  54°  C.  (127°  to  129°  F.),  Max  Schultze  observed  th^ 
same  changes  in  the  blood  corpuscles  of  the  fowl  as  those  that  have  been 
already  described. 

The  corpuscles  of  the  blood  of  the  frog  at  about  45°  C.  (130°  F.)  become 
partially  maculated  and  to  some  extent  tuberculated  on  their  surface,  others 
assume  the  form  of  a  finger-biscuit  or  of  a  dumb-bell,  whilst  a  few  become 
OYal  or  sphericaL ' 

7.  If  blood,  contained  in  a  platinum  vessel,  be  alternately  frozen  and 
thawed  several  times  in  succession,  it  likewise  assumes  a  carmine  color. 

The  nou-nucleated  blood  disks  are  deprived  of  color  without  becoming 
materially  diminished  in  size,  or  they  will  be  found  to  have  become  spheri- 
cal, or  of  smaller  diameter,  or  only  their  feebly  refracting  colorless  remains 
can  he  discovered. 

In  the  corpuscles  of  the  blood  of  the  frog  the  nucleus  is  seen  to  be  sur- 
ronnded  by  a  pale  elliptical  or  circular  area,  or  the  color  of  the  blood  cor- 
puscle appears  to  be  to  some  extent  retained.  Various  forms  are  also  found 
which  appear  indented  or  chipped  off;  finally,  here  also  the  blood  corpuscles 
lose  their  color. 

The  extensibility  and  elasticity  of  the  uncolored  remains  of  the  blood  cor- 
puscles are  similar  to  those  of  the  intact  blood  coi-puscles.* 

In  frozen  blood  the  nuclei  either  still  resemble  unaltered  nuclei,  only  some- 
what more  sharply  defined,  or  they  are  spheroidal,  enlarged,  and  appear  as  if 
composed  of  a  delicate  framework  of  highly  refractile  substance,  in  the  meshes 
of  which  a  less  strongly  refractile  substance  is  contained.  These  sj)aces  are 
often  but  few  in  number.  Frequently  only  a  single  space  is  present  in  the 
form  of  a  large  vacuole  surrounded  by  a  ring  of  refractile  material.  These 
characters  of  the  nucleus  desei-ve  attention  in  regard  to  fiicts  that  will  here- 
aftw  have  to  be  mentioned, 

8.  In  reference  to  the  phenomena  that  are  occasioned  by  the  addition  of 
fluids  to  the  blood  corpuscles,  three  different  conditions  under  which  they 
<nay  occur  must  be  clearly  distinguished.     The  reagent  may  be  intimately 

*  Bollett,  loc,  dt,^  Band  zlvi,  pp.  74,  75. 
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commingled  with  the  blood  by  mechanical  means,  in  which  case  it  is  only 
possible  to  observe  the  final  changes  effected  in  the  corpuscles  by  the  reagent 
under  the  microscope ;  or  the  plasma  or  serum  of  the  blood  corpuscle  may 
be  washed  away  with  the  reagent,  under  the  microscope,  in  the  manner  de- 
scribed at  p.  13.  of  the  introduction  to  this  work,  in  which  case,  in  order  to 
prevent  the  corpuscles  from  floating  off,  it  will  be  found  advantageous  to 
spread  upon  the  slide  a  thin  layer  of  a  felt-like  mass  of  fine  clean  asbestos, 
or  of  scraped  Swedish  filtering  paper,  and  to  place  the  blood  drop  on  this ; 
or,  lastly,  the  blood  and  the  reagent  may  be  placed  in  close  proximity  with 
each  other,  and  allowed  to  diffuse  slowly. 

It  is  only  when,  in  the  process  of  washing  by  the  first  method,  the  several 
blood  corpuscles  exhibit  differences  in  their  behavior  with  the  reagent  that 
we  are  justified  in  concluding  that  an  internal  and  original  difference  exists 
between  theuu 

It  is  not  permissible  to  draw  this  conclusion  when  the  second  and  third 
methods  are  employed,  or  at  least  only  providing  that  very  great  caution  has 
been  exercised ;  for  if  the  uniformity  of  the  ndxture  has  not  been  constantly 
maintained,  some  of  the  corpuscles  will  necessarily  be  first  and  more  ener- 
getically acted  on  by  the  reagent,  and  the  amount  of  change  in  any  instance 
will  be  proportionate  to  the  duration  of  the  exposui*e  to  its  influence.  We 
may  very  easily  satisfy  ourselves  that  the  changes  effected  by  one  and  the 
same  reagent  are  very  different  during  the  first  period  of  its  action,  and  lead 
to  other  results  than  at  later  periods. 

The  many  difficulties  that  encompass  the  study  of  the  operation  of  rea- 
gents on  the  blood  have  not,  as  a  rule,  received  sufficient  attention ;  and 
less,  perhaps,  has  been  accomplished  by  this  mode  of  experiment  than  might 
otherwise  have  been  the  case. 

a.  The  addition  of  water  renders  the  surface  of  the  corpuscles  smooth,  and 
so  changes  their  various  diameters  that  they  become  spherical,*  and  thus 
acquire  that  form  which  with  a  given  surface  can  contain  the  largest  amount 
of  material.     This  effect  is  commonly  indicated  as  a  process  of  imbibition,  a 

Pig.  92. 


Pa 


OO 


swelling  up,  although  the  diameter  of  the  spheroid  may  be  actually  smaller 
than  the  long  diameter  of  the  corresponding  disk  (fig.  92).  The  spheroids 
are  at  first  strongly  colored.  On  the  cautious  addition  of  water  it  may  be 
frequently  observed  that  the  alteration  of  the  primary  form  of  the  blood 
corpuscle  to  a  spheroid  does  not  occur  with  perfect  uniformity  in  all  the 
several  and  corresponding  diameters,  so  that  variable  and  transitory  unsym- 

*  HewBon,Cipu«|MitAiimKfi»,  p.  25. 
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metrical  intervening  forms  are  met  with.  In  the  nucleated  ellipsoids  it  fre- 
quently happens  that  the  nucleus  changes  its  position  in  the  corpuscle  with 
a  jerk,*  whilst  the  corpuscle  itself,  as  though  in  consequence  of  a  recoil,  is 
projected  in  the  opposite  direction.  The  nucleus  then  lies  eccentrically  in 
the  corj>uscle. 

When  water  has  continued  its  action  on  the  corpuscles  for  a  longer 
period,  the  spheroids  become  discolored,  and  frequently  produce  the  impres- 
sion that  their  coloring  matter  is  being  gradually  extracted ;  frequently  also 
the  color  disappears  very  rapidly,  just  as  a  hue  of  color  vanishes  from  a 
▼hite  sui'face  when  a  colored  source  of  light  by  which  it  was  previously 
illuminated  is  suddenly  removed.  The  impressions  thus  given  are  precisely 
similar  to  those  decolorations  which  have  been  formerly  mentioned  as  the 
result  of  electrical  discharges. 

Smooth  colorless  bodies  with  feebly  defined  but  smooth  contour  lines 
thea  remain  (%.  92,  h  b  b). 

The  nucleus  which  at  the  commencement  of  the  action  of  water,  when  the 
corpuscles  have  acquired  a  spherical  form,  comes  more  prominently  into 
view,  and  remains  so  as  long  as  these  still  retain  their  color,  but  subse- 
qucDtly  becomes  less  conspicuous,  and  after  the  long  operation  of  large 
excess  of  water  appears  smooth,  distended,  and  less  highly  refractile. 

Fig.  9S. 


Especiid  attention  should  be  directed  to  a  structure  which  can  be  easily 
demonstrated  in  the  elliptical  corpuscles  after  the  cautious  addition  of 
water  (fig.  93).  The  still  ellipsoidal  corpuscle  is  bounded  by  a  perfectly 
smooth  contour  line,  but  the  place  of  the  nucleus  sometimes  appears  to  be 
occupied  by  a  colored  spheroid ;  whilst  in  other  cases  numerous  processes 
radiate  from  this  ball  towards  the  contour  line,  becoming  pointed  peripheri- 
cally.  The  parts  lying  between  the  latter  and  the  colored  portion  are 
homogeneous  and  colorless. 

According  to  Kneuttinger,t  these  forms  are  obtained  when  fresh  frog's 
blood,  from  which  the  fibrin  has  not  been  removed,  is  mingled  with  three  or 
four  times  its  volume  of  water,  and  an  examination  shortly  afterwards 
made  of  the  gelatinous  mass. 

K  larger  quantities  of  water  be  added  and  thoroughly  commingled  with 
the  blood,  some  of  the  corpuscles  remain  much  longer  in  the  condition  of 
colored  spheroids  than  others ;  and  the  inference  has  been  not  unreasona- 
bly drawn,  that  an  essential  difference  exists  amongst  such  corpuscles. 

6.  Salts  act  very  differently,  according  to  their  chemical  nature  and 
their  degi'ee  of  concentration.     Many  metallic  salts  occasion  precipitates 

*  See  also  the  statements  respeoting  the  movements  of  the  nacleus  by  G.  H.  Schultz. 
Preyer,  foe.  eU,^  p.  4*i7. 
t  Zur  BigtoUfffie  des  UuteB.    Wtbrzbuig,  1865,  p.  21. 
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in  the  blood  corpuscles  similar  to  the  acids  hereafter  to  be  mentioned.  The 
action  of  those  salts  which  produce  no  precipitate  (common  salt,  Glauber's 
salt,  sal  ammoniac,  borax,  magnesium  chloride,  and  others)  has  been  re- 
peatedly described,  in  contrast  to  the  action  of  water,  as  a  shrivelling  or 
contraction.  Solutions  of  this  nature  cause  the  blood  corpuscles  to  become 
less  glutinous  and  extensible,  their  outline  more  distinct,  their  form  curved, 
their  surface  wrinkled,  and  their  border  dentated.  Such  are  the  effects  of 
moderately  strong  solutions  of  these  salts.  Very  strong  solutions  of  some 
of  these  salts,  or  the  addition  of  the  salts  themselves,  in  powder,  to  the 
blood  (common  salt,  Glauber's  salt,  magnesium  chloride),  only  cause  the 
blood  corpuscles  to  shrink  in  the  first  instance,  but  soon  they  become  round 
and  pale,  so  that  only  colorless  bodies  remain.*  In  dilute  solutions  of 
some  of  these  salts,  the  concentration  of  which  is  about  equal  to  that  of  the 
blood  serum,  the  corpuscles  retain  their  characters  for  some  time  without 
alteration.  Solutions  of  this  kind  are  therefore  frequently  applied  instead 
of  serum  for  the  purposes  of  dilution.  With  still  greater  degi-ees  of  dilution 
effects  are  produced  similar  to  those  that  are  observed  when  wat»-  is  added 
in  quantity  to  the  blood. 

A  successive  series  of  forms  may  frequently  be  observed  to  occur  in  the 
nucleated  elliptical  blood  disks  on  the  addition  of  saline  solutions  of  medium 
degrees  of  concentration,  though  they  cannot  be  certainly  caused  to  appear. 

Hiihnefeldt  and  Hensenf  have  obtained  and  represented  forms  similar  to 
those  above  mentioned,  by  the  agency  of  ammonia  and  sal  ammoniac.  They 
may  also  be  observed  on  the  applications  of  other  saline  solutions.  They 
are  almost  identical  with  those  that  have  been  already  desci*ibed  as  re- 
sulting from  the  action  of  water  (fig.  93).  The  blood  corpuscles,  however, 
appear  equally  maculated,  colored  and  colorless  areas  alternating  with  regu- 
larity ;  or,  as  frequently  occurs  in  the  blood  corpuscles  of  Tritons,  on  the 
addition  of  three  or  foiu*  per  cent,  solutions  of  common  salt,  projections  may 
form  on  the  flat  sui-face  at  right  angles  to  the  long  axis,  with  paler  or  color- 
less spaces  intervening  between  them. 

The  alkaline  salts  of  the  biliaiy  acids,  and  the  bile  itself,  according  to  the 
older  observations  of  Plattner  (1844),  which  KvlhneJ  has  corroborated  by 
more  recent  researches,  dissolve  the  red  corpuscles  of  most  animals,  with 
phenomena  in  those  of  man  which  are  similar  to  the  effects  that,  according 
to  L.  Hermann,  result  from  the  action  of  chloroform  or  ether  on  the  corpus- 
cles.    This  subject,  however,  will  be  more  fully  discussed  hereafter. 

c.  The  action  of  sugar  under  the  microscope  is  similar  to  that  of  the  above- 
named  salts.  Its  solutions,  in  moderate  degrees  of  concentration,  harden 
the  corpuscles  by  the  withdrawal  of  water,  and  forms  are  produced  analogous 
to  those  that  are  met  with  after  the  action  of  moderately  strong  alkaline 
solutions. 

d,  Alkalies,§  as  a  general  rule,  when  in  a  state  of  moderate  concentration, 
exert  a  solvent  action  on  all  the  constituents  of  the  blood  corpuscles,  includ- 
ing the  nuclei.  Tlie  following  may  be  pai-ticularly  mentioned  amongst  the 
many  forms  that  are  met  with  : — 

*  Kolliker,  Zeitgchnft  f&r  immisehaffUehe  Zoohgie,  Band  vii.,  p.  184.  Botkin, 
Virchow'a  ArMv^  Band  xv.,  p.  176.  Buniy,  Ueber  den  Einfluss  einiger  Sake  aufdie 
Krystattimtion  des  Bhites,  '*■  On  the  Influence  of  some  Salts  on  the  CiyBtallication  of 
the  Blood."    Iiiaug.  Diss.     Dorpat,  1863. 

+  Zeitschrift  fur  wissenschaftUche  Zooiogie,  Band  ix.,  p.  261. 

I  Virchow's  Archiv^  Band  xiv.,  p.  333. 

§  Knenttinger,  U)G,  ciU^  p.  39. 
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In  the  case  of  potash  and  soda  lyes,  and  of  solutions  of  lime,  baryta,  and 
strontian,  containing  0*1  gramme  in  100  cubic  centimetres  of  water,  a 
remarkable  difference  occurs,  as  compared  with  the  action  of  pure  water ; 
for  the  corpuscles  first  change  into  colored  spheroids,  but  soon  disappear  with- 
out leaving  a  trace.  In  the  nucleated  blood  corpuscles,  on  the  other  hand, 
after  they  have  become  converted  into  colored  spheroids,  the  nucleus  may 
still  be  indistinctly  seen,  and  appears  to  be  expanded  in  its  interior,  though 
the  diameter  of  the  colored  spheroid  is  not  itself  materially  altered.  The 
corpuscle  soon  gives  the  impression  of  undergoing  flattening,  and  immedi- 
ately the  whole  spheroid,  with  the  nucleus,  entirely  disappears.  As  already 
stated,  the  impression  of  the  flattening  occurs  only  in  the  nucleated  blood 
corpuscle,  but  is  visible  both  in  the  elliptical  corpuscles  and  in  the  nucleated 
round  corpuscles  of  the  embryos  of  Mammals.  If  the  action  of  the  reagent 
penetrating  into  the  blood  be  rendered  less  energetic,  the  flattening  still 
often  occurs ;  and  when  all  the  rest  of  the  corpuscle  has  quietly  dissolved, 
the  nucleus  remains  behind,  enonnously  enlarged,  and  usually  of  a  some- 
what angular  form,  though  homogeneous  in  its  substance.  This  phenome- 
non, however,  may  be  more  frequently  observed  after  the  application  of  the 
alkaline  earths  than  after  that  of  the  pure  alkalies.  In  regard  to  lime- 
water,  it  deserves  especial  mention  that,  in  many  instances,  after  the  colored 
spheroids  have  been  produced,  and  the  corpuscles  are  about  to  flatten,  the 
previously  enlarged  nucleus  contained  in  the  interior  of  the  spheroid  con- 
tracts suddenly  to  a  strongly  refracting  body.  The  corpuscle  then  becomes 
pale,  and  this  centrally  situated  body  remains  surrounded  by  a  clear  colorless 
area.  This  peculiar  appearance  occurs  usually  only  at  the  commencement  of 
the  action  of  lime-water. 

e.  Acids  *  readily  occasion  precipitates  in  the  blood  corpuscles.  The  pre- 
cipitate either  api>ears  distributed  through  a  clear  transparent  substance, 
surrounded  by  the  circular  or  elliptical  contour  line  of  the  corpuscle,  which 
frequently  expands  suddenly  with  a  jerk  (acetic  acid) ;  f  and  coincidently 
the  nucleus,  which  has  become  more  highly  refi*actile,  and  frequently  some- 
what angular  or  inflated,  and  darkly  granular,  comes  more  distinctly  into 
view  (acetic  acid,  diluted  tincture  of  iodine),  whilst  it  appears  distinct  from 
the  colorless  substance  of  the  blood  corpuscles,  in  consequence  of  being 
strongly  tinted  with  hsematin ;  or  the  precipitate  occurs  in  the  thoroughly 
granular  or  cloudy  corpuscle,  which  appears  as  if  hardened  and  usually 
somewhat  shortened  in  its  long  diameter.  When  the  acids  act  in  this  man- 
ner, the  nucleus  frequently  appears  to  be  not  very  sharply  defined,  but  fre- 
quently shrivelled  and  surrounded  by  an  empty  space,  as  though  lying  in  a 
cavity  of  the  substance  of  the  blood  corpuscles  (chromic  acid,  hydrochloric 
add,  nitric  acid,  picric  acid,  tannic  acid,  and  concentrated  tincture  of 
iodine).  When  the  acids  are  much  diluted,  the  second  of  the  above-men- 
tioned modes  of  operation  frequently  passes  into  the  first,  because  in  very 
diluted  acids  the  action  of  the  acid  is  complicated  with  that  of  the  water. 

The  former  of  the  above-mentioned  effects  is  best  exhibited  by  means  of 
acetic  acid,  in  solutions  containing  twenty  grammes  of  pure  acetic  acid  in 
100  cubic  centimetres  of  water,  and  upwards.  The  beautiful  staining  of  the 
nucleus,  with  the  coloiing  matter  of  the  blood,  which  then  occurs,  was  first 
mentioned  by  Henle,;^  and  has  been  corroborated  by  Kneuttinger ;  §    it  is 

*  Kneuttinger,  loe.  dt.,  p.  28. 
+  Idem. 

i  AUgemdne  Anatamie^  p.  431. 
§  Loe.  eU.y  pp.  28,  29. 
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exhibited  in  the  most  beautiful  and  convincing  manner  if  the  blood  of  a 
frog  or  triton  is  allowed  to  float  into  acetic  acid :  the  blood  sinks  in  the 
acid,  and  the  dregs  of  the  vessel  can  then  be  examined. 

The  non-nucleated  corpuscles  of  Man  and  Mammals  are  first  rendered 
spherical  by  the  action  of  acetic  acid,  and  then  lose  their  color,  in  which  con- 
dition they  remain  for  a  considerable  period. 

Briicke  *  has  subjected  to  a  special  investigation  the  changes  that  are 
Effected  on  corpuscles  of  the  fresh  blood  of  the  triton  by  the  action  of  a 
two  per  cent!  solution  of  boracic  acid,  and  we  shall  now  proceed  to  describe 
them.  Soon  after  the  addition  of  the  solution  the  corpuscles  seem  to  be 
converted  into  ellipsoids,  as  after  the  action  of  certain  proportions  of  water, 
the  nuclei  being  often  eccentrically  situated ;  they  ultimately,  to  a  greater 
or  less  extent,  become  spherical.  Forms  are  also  obtained  similar  to  those 
that  have  already  been  mentioned  as  occurring  after  the  addition  of  water 
or  saline  solutions  (fig.  93).  In  other  corpuscles  the  nucleus  alone  appears 
of  a  deep  color,  the  remaining  substance  of  the  coi'puscle  being  pale  or  com- 
pletely colorless,  and  separated  by  a  smooth  contour  line  from  the  surround- 
ing fluid,  as  after  the  action  of  many  other  acids  in  certain  degrees  of  di- 
lution. Dii*ect  observation  of  the  action  of  boracic  acid  under  the  micro- 
scope renders  it  evident  that  the  latter  form  does  not  necessarily  proceed 
from  any  of  the  foregoing.  In  the  greater  number  of  instances  the  nucleus 
gradually  becomes  colored,  without  the  color  being  discharged  from  the  bor- 
der of  the  corpuscle,  although  the  substance  of  the  corpuscle  becomes  pro- 
portionately colorless,  A  similar  coloration  of  the  nucleus  occurs  also  with 
a  two  per  cent,  solution  of  boracic  acid,  when  applied  to  the  corpuscles  dried 
on  a  slide.  If  the  corpuscles  are  so  modified  by  freezing,  by  shocks  of 
electricity,  or  by  ether  or  chloroform  (the  changes  effected  by  which  will  be 
subsequently  considered)  that  they  have  yielded  up  their  coloring  matter 
completely  to  the  serum,  and  they  are  then  treated  with  a  two  i>er  cent, 
solution  of  boracic  acid,  the  nuclei  still  acquire  their  deep  tint  from  the  col- 
oring matter  contained  in  the  surrounding  fluid.  Briicke  also  observed  the 
corpuscles  discharge  their  nuclei  from  the  action  of  boracic  acid. 

f.  If  it  be  desired  to  ascertain  what  alterations  are  effected  in  the  blood 
corpuscles  by  small  variations  in  the  degree  of  acidity  or  alkalinity  of  the 
reagent,  it  is  requisite,  as  has  been  shown  by  W.  Addison,f  in  order  to 
avoid  the  action  of  the  water  of  the  solution,  to  give  a  certain  degree  of 
concentration  to  the  fluid  by  the  addition  of  a  small  proportion  of  sugar  or 
of  salt.  In  such  investigations  it  will  be  found,  as  he  has  correctly  stated, 
that  on  the  addition  of  an  acid  fluid,  as  of  a  solution  of  cane  sugar  weakly 
acidified  with  hydrochloric  acid,  the  blood  corpuscles  possess,  in  all  instances, 
smooth  contours,  and  exhibit  an  increased  degree  of  refraction ;  whereas  on 
the  addition  of  an  alkaline  fluid,  as  of  a  solution  of  common  salt  rendei*ed 
feebly  alkaline  with  liquor  potassas,  the  blood  corpuscles  become  granulated 
and  rough. 

Appearances  essentially  similar  are  produced  with  still  greater  clearness 
by  passing  weak  currents  of  electricity  through  the  blood.  That  the  cor- 
puscles quickly  become  tuber culated  and  spinous  in  the  vicinity  of  the  alka- 
line pole  was  observed  by  Neumann,J  who  also  saw  the  formation  of  the 
fibres  described  by  Addison. 

The  change  of  form  corresponding  to  the  action  of  weak  alkalies  can,  ac- 

*  SUzungaberictits  der  Wiener  Akademie,  Band  Ivi.,  p.  79. 

f  Quarterly  Journal  of  Microscopical  JScience,  1861;   Jan.,  Transact,  y  p.  20;  ApriL 
Journal,  p.  81. 
t  Loc.  dt,  pp.  679—681. 


Digitized  by 


Google 


ACTION   OT    AMMONIA    ON   THK  BED   CORPUSCLES.  281 

cording  to  Addison,  be  changed  by  acid  solutions  into  the  form  they  induce, 
and  vice  versd. 

g.  Urea,*  in  the  state  of  fine  powder,  or  in  solution  in  water,  in  the  pro- 
portion of  from  twenty-five  or  thirty  grammes  or  less  in  100  cubic  centi- 
metres of  water,  powerfully  affects  the  form  of  the  corpuscles,  though  they 
are  not  all  affected  in  the  same  way. 

In  the  blood  of  Amphibia  some  of  the  corpuscles  always  assume  a  curved 
form,  and  then  small  drops  and  spheiical  fragments  become  detached  from 
them.  Others  become  spherical  without  undergoing  any  further  alteration 
in  shape ;  but  both  large  and  small  spheroids  ultimately  become  colorless. 
During  the  assumption  of  the  spheroidal  form  some  of  the  corpuscles  dis- 
charge their  nuclei.  The  latter  become  slightly  enlarged  in  the  Frog,  but 
much  augmented  in  volume  in  the  Triton,  and  then  assume  the  remarkable 
appearance  of  a  trabecular  framework  with  large  meshes.  The  nuclei  which 
do  not  escape  undergo  similar  changes  if  once  the  spheroid  become  colorless, 
80  that  the  pale  clear  remains  of  the  substance  of  the  blood  corpuscles  ap- 
pear as  a  kind  of  appendage  to  the  enlarged  nucleus.  To  regard  these 
structures  as  nucleated  albuminous  spheroids  escaped  from  adjoining  colored 
corpuscles  is  due  to  a  misconception  of  the  phenomena  observed.! 

If  we  now  consider  the  action  of  less  concentrated  solutions  of  urea,  we 
find  that  the  incurvation  of  the  corpuscles  and  detachment  of  drops  is  of  i-arer 
occurrence,  and  that  the  majority  of  corpuscles  immediately  become  spheri- 
cal, and  at  a  subsequent  period,  together  with  the  nucleus,  entirely  vanish. 
The  incurvation  of  the  border  and  the  formation  of  drops  is  also  exhibited 
by  the  non-nucleated  blood  corpuscles  of  Mammals  when  treated  with  urea. 

A.  Neutral  solutions  of  carmine  in  pure  ammonia  (one  gramme  of  carmine 
in  200  cubic  centimetres  of  solution)  produce  on  the  corpuscles  the  same 
effect  as  water.  In  the  blood  of  Amphibia  the  inflated  nuclei  become,  after 
a  short  time,  tinged  of  a  red  color.  The  blood  corpuscles  behave  differently 
in  the  above-mentioned  solutions  of  carmine  in  ammonia  if  from  one-half  to 
one  per  cent,  of  common  salt  be  added,  since  they  then  remain  apparently 
unaltered,  and  take  up  none  of  the  carmine  into  their  interior.  On  the 
other  hand,  the  nucleus  immediately  becomes  stained.  If  a  mixture  of 
blood  and  this  colored  saline  solution  be  allowed  to  freeze  or  be  acted  on  by 
discharges  of  electricity,  a  series  of  remarkable  phenomena  may  then  be 
ohserved,  upon  the  investigation  of  which  I  am  now  engaged. 

If  the  blood  of  frogs  or  newts  be  allowed  to  flow  into  such  saline  solutions 
of  carmine,  there  may  always  be  found,  besides  the  ordinary  red  and  white 
blood  coi'puscles  with  nuclei,  which  long  remain  unstained,  a  few  isolated 
free  nuclei  of  an  intense  red  color.  It  thus  appears  that  when  unaltered 
the  blood  coi-puscles  do  not  absorb  any  coloring  matter. 

RindfleischJ  has  described  a  remarkable  alteration  effected  in  the  blood 
corpuscles  of  the  frog  by  the  addition  of  soluble  anilin  blue.  They  are  then 
found  to  become  nucleated  spheroids,  which  quickly  assume  a  blue  color, 
bat  it  is  only  in  solutions  containing  aboxit  a  half-gramme  to  100  cubic  centi- 
metres that  the  remarkable  phenomenon  of  the  discharge  of  the  nucleus  from 
the  now  spherical  corpuscles  occurs.  It  is  especially  remarkable  that  any 
part  of  the  nucleus  which  once  projects  beyond  the  contour  line  of  the  cor- 

*  Huhnefeldt,  ChenUtmm  in  der  thier.  Natur.,  1840,  p.  60.  KoUiker,  ZeiUchrift 
f^r  vntserMchaftUelie  Zoologie,  Band  vii.,  pp.  184,  258.  Botkin,  Virchow's  Archiv^  Band 
».,  p.  37,  Hansen,  loe,  dt.,  p,  264.  Vintechgau,  loe.  dt.y  p.  13.  Preyer,  loo.  eit.,  p. 
432.    Kneuttinger,  loe,  dt.,  p.  56. 

IKneuttinger,  loe.  eit.^  p.  58,  fig.  9  b. 
Loe.  dt,  pp.  10,  11. 
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puscle  immediately  swells  up  to  a  considerable  extent,  so  that  at  this  period 
the  form  of  the  nucleus  resembles  a  short  nail  with  a  large  head,  which  seems 
to  have  been  driven  into  the  substance  of  the  corpuscle.  When  the  nucleus 
has  become  altogether  detached  from  the  corpuscle,  it  swells  up  uniformly, 
becomes  stained,  and  undergoes  further  changes,  to  be  hereafter  investigated, 
t.  Gases  and  vapors  have  lately,  since  the  employment  of  gas  cells,  been 
likewise  applied  directly  to  preparations  of  blood  under  the  microscope. 

a.  Strieker*  has  been  especially  engaged  in  investigating  the  action  pro- 
duced by  the  exposure  of  the  blood  corpuscles  of  the  newt  and  frog  al- 
ternately to  carbonic  acid  and  air. 

So  long  as  the  blood  remained  unchanged  he  observed  only  the  already- 
mentioned  phenomena  in  the  micro-spectrum,  and  was  thus  enabled  to  cor- 
rect the  older  inexact  statements.f  Blood  coi-puscles  changed  by  the  action 
of  water,  however,  behaved  themselves  differently. 

Strieker  applied  water  in  the  form  of  vapor,  by  which  means  very  fine 
gradations  in  the  amount  supplied  can  be  attained. 

On  transmitting  carbonic  acid  he  then  observed  the  occurrence  of  pre- 
cipitates both  in  the  nucleus  and  in  the  substance  of  the  corpuscle ;  these 
precipitates  vanished  with  oxygen,  and  returned  with  carbonic  acid,  and  so 
on.  Strieker  considers  these  appearances,  as  had  already  been  held  by 
A.  Schmidt  and  Schweigger-Seidel  in  the  case  of  the  precipitate  obtained 
by  the  action  of  carbonic  acid  in  the  substance  of  the  blood  corpuscles  of  the 
frog,  to  be  caused  by  the  separation  of  paraglobulin  ;  in  order,  however,  to 
obtain  such  precipitates  the  addition  of  water  must  be  carried  almost  to  the 
extent  of  rendeiing  the  blood  coi-puscles  colorless. 

If  smaller  quantities  of  water  be  added,  these  precipitates  do  not  occur. 
Under  certain  conditions  the  remarkable  form  appears  that  we  have  already 
described  (fig.  93,  a).  This  form,  as  an  easily  repeated  experiment  of  Strieker 
shows,  vanishes  with  an  excess  of  carbonic  acid.  The  blood  corpuscles  then 
appear  once  more  equably  tinted,  and  on  the  admission  of  air  revert  again 
to  their  original  foiTQ. 

With  the  addition  of  a  certain  amount  of  water  the  nucelus  alone  be- 
comes tubereulated,  and  more  sharply  defined  when  carbonic  acid  is  trans- 
mitted, whilst  upon  the  passage  of  air  it  again  becomes  smooth.  If  this 
stage  be  exactly  attained,  the  whole  blood  corpuscle  may  be  seen  to  become 
spherical  with  carbonic  acid,  and  again  to  assume  its  smooth  form  on  the 
admission  of  air.  Moreover,  the  thorn-apple  form  of  the  mammalian  blood 
corpuscles  can  be  made  to  disappear  by  carbonic  acid,  but  can  again  be  pro- 
duced on  the  accession  of  air  ;  the  expeiiment,  however,  as  Strieker  has  re- 
marked, cannot  be  very  frequently  repealed,  as  the  thorn-apple  form  ul- 
timately remains  persistent.  A.  SchmidtJ  showed  that  ozone  gave  a  car- 
mine tint  to  the  blood  by  destruction  of  the  blood  corpuscles. 

b,  Ether,§  chloroform, ||  bisulphide  of  carbon,T  and  alcohol,**  conducted 

♦  Pfluger^B  Archiv,  1868,  p.  590. 

t  HarlesB,  Morwgrap?iie  uher  den  Mnfliiss  der  Oase  auf  die  Form.  Erlangen,  1846. 
^^  Monograph  on  the  influence  of  gases  on  form.^' 

X  Virchow's  Archit,,  Bandxxix.,  p.  14. 

§  V.  ^Wittich.,  Journal  fur  prakti8c/i^  Chemie^  Bandbd.,  p.  11 ;  taid  Konigsberf/er  Medic. 
Ja/trbucher,  Band  iii.,  p.  382.    L.  Hermann,  Reichert  and  Du  Bois'  Arcbiv,  1866,  p.  27. 

I  Chaumont,  Monthly  Journal  of  Medicine.  Edinburgh,  1851,  p.  470.  Bottcber, 
Virchow's  ArcMr),  Band  xxxii.,  p.  126;  Band  xxxvi.,  p.  342.  Kneuttinger,  he.  «Y., 
p.  48.  A.  Schmidt  and  Schweigger-Seidd,  Berichte  der  Kdnig.  Sachs.  OeselMutft 
der  Wissenscbaften,  1867,  p.  190. 

%  Hermann,  loc.  dt. 

**  Hermann,  loc.  dt.    Kneuttinger,  loc.  dt.^  p.  44. 
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in  the  form  of  vapor  over  the  blood,  also  render  it  of  a  carmine  color.  If 
the  appearances  exhibited  by  the  blood  corpuscles  are  closely  observed,  it 
may  be  seen  that  in  the  circular  disks  the  border  becomes  thickened,*  and 
in  place  of  the  central  depression  a  navel-like  fossa  appeai-s.  The  funnel  so 
formed  becomes  narrower  and  closes,  and  the  corpuscles  now  appear  as  a 
colored  spheroid.  Chloride  of  methyl  vapor  acts  in  a  similar  manner,  f 
The  above-mentioned  vapors,  but  not  the  last,  finally  render  the  corpuscles 
colorless. 

When  ether  and  chloroform  vapors  act  on  the  blood  of  the  Amphibia, 
they  render  the  corpuscles,  in  the  first  instance,  spotty,  though  the  color 
subsequently  becomes  equably  diffused,  whilst  the  blood  corpuscles  appear  to 
be  somewhat  diminished  in  size.  On  the  other  hand,  the  thickness  of  the 
border  is  increased,  so  that  the  nucleus  lies  in  a  depression,  A  few  only 
of  the  blood  corpuscles  become  spherical.  The  majority,  when  in  the 
condition  of  a  disk  with  thickened  borders,  lose  their  color,  and  the  nuclei 
then  become  more  sharply  defined.  The  blood  corpuscles  of  the  Amphibia 
also  behave  themselves  similarly  when  air  impregnated  with  ether  or  chlo- 
roform vapor  is  persistently  transmitted  over  the  preparation,  and  the  phe- 
nomena do  not  essentially  vary  if  the  air  thus  charged  with  vapor  is  ex- 
changed at  definite  periods  for  pure  air. 

If  these  reagents  be  added  to  the  blood  in  a  fluid  condition,  it  will  be 
found  that  ether  and  chloroform  effect  similar  changes,  except  that  a  large 
number  of  blood  corpuscles  become  spheroidal.  Alcohol  readily  produces 
precipitates  and  irregular  shrivelling. 

Opinions  respecting  the  Structure  of  the  Red  Blood  Corpuscles. — 
In  the  exposition  of  these  we  need  only  go  back  to  the  time  when  the  view 
which,  though  it  had  been  advanced  indeed  before  Schwann,  yet  was  gene- 
rally adopted  only  in  consequence  of  his  doctrine  of  the  structure  of  animal 
cells,  namely,  that  the  red  corpuscles  are  vesicles  consisting  of  a  membrane 
with  fluid  contents,  began  to  be  doubted. 

The  opponents  of  this  view,  after  Max  Schultze  had,  in  1861,  demonstrated 
that  a  cell  membrane  is  not  a  constant  constituent  of  a  cell,  directed  their 
attacks  against  the  presence  of  a  membrane  in  the  red  blood  corpuscles. 
The  presence  or  absence  of  a  membrane  must  necessarily  influence  the  con- 
ception of  the  nature  of  those  constituents  of  the  blood  cori)uscles  which 
were  formerly  regarded  as  the  colored  contents.  In  the  criticism  directed 
by  Max  Schultze  against  the  cell  theory  of  Schwann,  the  red  blood  cor- 
puscles played  a  part,  since  in  the  discussion  respecting  the  necessity  of  a 
nucleus  to  complete  our  idea  of  a  cell,  those  of  Man  and  Mammals  were 
adduced  as  being  destitute  of  a  nucleus.  This  was  for  a  considerable  time 
almost  universally  taught,  and  of  late  has  been  opposed  by  Bottcher  J  alone. 
After  what  has  already  been  stated  in  reference  to  the  question  of  the  nu- 
cleus, however,  I  do  not  consider  it  requisite  to  enter  more  fully  into  that 
subject,  but  shall  refer  to  the  communications  of  Bottcher,  Klebs,§  A. 
Schmidt,  and  Schweigger-Seidel.||  We  must  deal  differently  with  the  ques- 
tion, whether  the  red  blood  corpuscles  do,  or  do  not,  possess  a  membrane. 

It  must,  I  think,  in  reference  to  this  point,  be  admitted  that  important 


*  Hermami,  loe,  cit.^  p.  31.     A.  Schmidt  and  Schweigger-Seidel,  loc.  eit.,  p.  196. 

i  Hermann,  loc.  cit, 

I  Virchow's  Are7iiv,  BSnde  xxxvi.  and  zxzix. 

^  Yiichow^s  ArcMVy  Bond  xxzvlii 

if  KatUg  Sachs,  GeseOachafty  etc.,  Math.  Phys.  CUme,  1867,  p.  190. 
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evidence,  based  on  the  form  of  the  corpuscles,  can  be  adduced  against  the 
view  that  they  consist  of  vesicles  in  the  sense  held  by  a  large  number  of 
histologists  after  the  time  of  Schwann. 

A  vesicle  filled  with  fluid,  the  parietes  of  which  are  yielding,  and  which 
again  floats  freely  in  another  liquid,  might  be  conceived  to  assume  almost 
any  form  rather  than  of  a  body  with  two  concave  surfaces,  as  in  Mammals, 
or  with  two  convex  surfaces,  surrounded  by  a  circular  or  elliptical  zone  of  a 
certain  thickness,  as  in  Birds,  Amphibia,  and  Fishes. 

Schwann  *  adduced  the  assumption  of  a  spheroidal  form  by  the  blood  cor- 
puscles on  the  addition  of  water,  as  a  proof  of  their  vesicular  nature,  main- 
taining that  if  they  were  not  so  they  might  indeed  swell  up  and  become 
colorless,  but  that  they  would  retain  their  form  like  a  sponge  on  the  imbi- 
bition of  fluid.  The  explanation  of  the  action  of  water  producing  tension 
of  the  membrane,  in  consequence  of  the  fluid  contents  of  the  vesicle  increas- 
ing by  endosmose,  was  at  this  time  very  generally  accepted,  just  as  the 
shnvelling  of  the  surface,  on  the  addition  of  saline  solutions,  was  regarded 
as  a  consequence  of  a  difi^sion  current  setting  from  the  interior.  Brucke,f 
however,  showed  that  neither  the  phenomena  presented  by  the  imbibition  of 
water,  nor  after  the  addition  of  saline  solutions,  furnished  conclusive  evi- 
dence of  the  vesicular  nature  of  the  corpuscles. 

If  we  base  our  opinion  on  the  experiments  performed  on  the  red  blood 
corpuscles  by  means  of  mechanical  agents,  we  may  exhaust  all  the  various 
methods,  without  once  meeting  with  a  form  which  can  be  indisputably  re- 
garded as  the  torn  and  empty  investing  membrane,  and  the  occurrence  of 
which  is  in  no  other  way  capable  of  being  explained ;  so  again,  whatever 
may  be  the  changes  that  induction  currents  and  electrical  discharges,  as  well 
as  freezing,  induce  in  the  corpuscles,  no  condition  can  at  any  time  be  seen 
directly  proving  the  presence  of  a  membrane. 

On  the  contrary,  the  escape  of  the  nucleus,  the  coalescence  of  the  colored 
spheroids,  the  physical  character  of  the  colorless  remains  after  the  discharge 
of  the  coloring  matter,  are  all  opposed  to  the  existence  of  such  an  invest- 
ment. The  results  of  these  inquiries  are  much  more  in  favor  of  the  view 
maintained  by  Rollett,J  that  a  stroma  or  matrix  enters  into  the  structure 
of  the  colored  elastic  extensible  substance  of  the  red  blood  corpuscles,  which 
exhibits  so  remarkable  a  similarity  in  all  animals,  and  that  to  this  the  form 
and  the  peculiar  physical  properties  of  the  corpuscles  are  due.  Hence  the 
conclusion,  that,  however  complicated  the  chemical  constitution  of  the  sub- 
stance of  the  blood  corpuscles  may  be,  yet,  by  the  action  of  a  series  of 
agents,  the  coloring  matter  can  be  separated  from  the  stroma,  without  caus- 
ing the  latter  to  lose  its  essential  charactei'S. 

The  phenomena  induced  in  the  red  blood  corpuscles  by  various  reagents, 
as  urea,  chloroform,  and  ether,  and  also  the  phenomena  described  by  Max 
Schultze  as  resulting  from  the  action  of  heat,  fairly  agree  with  this  simple 
view.  No  doubt  it  may  be  urged  that  the  membrane  is  highly  extensible,  and 
that  it  is  reasonable  to  suppose  that  by  the  action  of  the  above-mentioned 
agents  it  would  be  rapidly  destroyed,  rendering  the  phenomena  observed 
consistent  with  its  original  presence  around  the  tenacious  semi-solid  gelatin- 
ous contents  of  the  blood  corpuscles.  But  the  theory  that  under  these  cir- 
cumstances the  membrane  is  really  destroyed  can  only  be  based  on  the  proof 


♦  Ueber  die  Uebereimtimmung  in  Strttctur  und  WacliMum  der  thierisehen  und 
PflamlicJieti  Organi»men.    Berlin,  1839,  p.  74. 

{DericJite  der  Wiener  Akadernie,  Band  xliv.,  p.  389. 
Loo.  dt.,  Band  zlvi.,  pp.  73,  94,  95,  and  98. 
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of  its  existence.  We  cannot  hold  the  latter  as  ascertained  if  we  regard  the 
forms  which  a  series  of  reagents  (acids)  occasion  in  the  blood  corpuscles ;  in 
the  latter  case  we  have  much  more  ground  for  believing  in  the  formation  of 
artificial  products,  than  they  who  hold  the  opposite  view  have  reason  in  the 
previously  adduced  cases  to  admit  the  destruction  of  a  naturally  present 
membrane.  The  proof  of  the  pre-existence  of  a  membrane  must  here  again, 
in  the  first  instance,  be  furnished. 

A  circumstance  bearing  upon  the  question  of  a  membrane  is  met  with  in 
the  peculiar  structures  already  frequently  mentioned  as  occurring  in  the 
blood  corpuscles  of  the  Amphibia  (Fig.  93,  a  6).  A  retraction  of  the  cell  con- 
tents fi*om  the  membrane  has  here  been  considered  to  occur,  and  we  may  asso- 
ciate with  this  the  forms  which  Remark  *  and  more  recently  Preyf  r  f  have 
described  in  regard  to  the  fission  of  blood  corpuscles,  in  which  a  gradually 
deepening  furrow  detaches  a  colored  portion  of  the  blood  corpuscle,  whilst  a 
glass-clear  substance  (the  empty  membrane)  becomes  apparent  between  the 
separating  part  and  the  investing  contour  line  of  the  rest  of  the  corpuscle. 

Hensen,^  who  has  devoted  considerable  attention  to  tlie  first-mentioned 
forms,  sought  to  explain  the  retraction  of  the  contents  fi*om  the  membrane, 
the  existence  of  which  he  believed,  from  his  observations  of  these  forms,  to 
be  proved,  by  ascribing  a  protoplasm  to  the  red  blood  corpuscles,  which  in- 
vests the  nucleus  and  lines  the  inner  surface  of  the  membrane  (primordial 
utricle),  these  two  portions  being  connected  by  delicate  radially  coursing 
fibres,  in  the  spaces  of  which  the  closed  cell  fluid  is  contained ;  he  support- 
ed this  view  especially  upon  the  existence  of  colorless  fibres  running  in  a 
radial  direction  from  the  nucleus,  and  it  is  well  known  that  similar  observa- 
tions have  been  made  by  other  histologists.  But,  independently  of  these 
fibres,  which  certainly  do  not  represent  any  constant  structure  in  the  blood 
corpuscles,  since  they  only  appear  to  be  met  with  under  exceptionally  favorable 
circumstances,  the  protoplasm  distributed  throughout  the  whole  corpuscle 
must,  according  to  the  view  of  Hensen,  form  a  considerable  portion  of  their  sub- 
stance. The  term  protoplasm  is  now  frequently  so  employed  as  to  render  it 
very  desirable  that  its  application  should  be  restricted  to  a  definite  idea ; 
but  if  we  pay  attention  to  the  appearance  and  the  most  striking  peculiarities 
of  the  pit)toplasmic  masses  described  by  Max  Schultze  §  and  by  Kiihne ;  || 
and  if  also,  as  will  be  subsequently  discussed,  we  consider  that  in  their  de- 
velopment the  red  blood  coi*puscles  are  formed  at  the  expense  of  the  cells 
composed  of  contractile  protoplasm,  in  which  metamorphosis  the  essential 
characters  of  the  latter  are  lost,  it  is  impossible  to  avoid  expressing  our  op- 
position to  the  theory  of  Hensen.  In  fact,  the  forms  which  led  Hensen  to 
the  above-mentioned  view  are  susceptible  of  quite  a  different  interpretation. 

Brucke,^  who  observed  such  forms  to  be  produced  by  the  action  of  a  two 
per  cent,  solution  of  boracic  acid,  considers  that  there  is  a  porous  structure 
composed  of  a  non-contractile,  very  soft,  colorless,  perfectly  transparent  sub- 
stance, which  he  further  represents  as  the  body  of  an  animal,  whose  central 
part  forms  the  nucleus  of  a  nucleated  corpuscle,  and  is  free  from  haemoglobin, 
whilst  the  remaining  portion  of  the  mass  contains  the  whole  of  the  haemo- 
globin.    Brlicke  considers  that  this  latter  portion  accurately  fills  the  inter- 

•  MuUer'8  AreMv,  1858,  p.  178,  Taf.  viii 

+  Viichow's  Arehiv,  Band  xxx.,  p.  417,  Taf.  xv.,  figs.  26  and  27. 

1  Zdt$chrift  fu/r  wissemchaftUche  Zoohgie^  Ikoid  zi.,  p.  200,  etc. 

§  D€Ls  Protopkuma  der  Ehizopoden  und  der  PflamenztUen,    Leipzig,  1863. 

\  Untersuchunaen  uber  das  Protoplasma  und  die  CantraetiUtdt.    Leipzig,  1864. 

7  Wiener  Benehte,  Band'lvi,  p.  79. 
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mediate  spaces  of  the  porous  mass,  and  thus  in  combination  with  the  parts 
free  from  pigment  makes  one  continuous  whole.  To  the  colorless  porous 
substance  he  has  applied  the  term  **  oekoid^'*  whilst  he  calls  the  contained 
substance  the  "  zooid  ;  "  and  he  is  of  opinion  that  the  retraction  of  the  zooid 
either  completely  or  partially  from  the  oekoid  explains  the  formation  of  the 
above-mentioned  forms. 

Strieker  *  agrees  with  Brlicke  in  considering  the  oekoid  to  be  the  part  en- 
closing the  coloring  matter,  and  as  that  which  under  certain  conditions  can 
retract  towards  the  nucleus.  He  terms  it  the  "  body,"  at  the  same  time  at- 
tributing a  greater  amount  of  independence  to  the  nucleus,  and  drawing  at- 
tention to  the  analogy  between  the  blood  corpuscles  of  Amphibia  and  Mam- 
mals. 

The  question  now  arises,  are  the  red  blood  corpuscles  contractile  as  a 
whole,  or  is  that  part  only  contractile  which  is  called  the  zooid  by  Briicke, 
or  the  body  by  Strieker  ? 

Klebs  f  regarded  the  blood  corpuscles  of  Mammals  as  contractile  bodies, 
in  consequence  of  his  observations  on  the  influence  of  temperature,  though 
these  have  since  been  opposed  by  Max  Schultze.  The  mulberry  form  he  con- 
sidered to  coiTespond  to  the  mobile  condition,  the  curved-disk  form  to  the 
quiescent  condition,  and  the  spherical  form  to  the  state  of  death.  Rollett,  J 
in  consequence  of  his  investigations  upon  the  effects  produced  by  electrical 
discharges  on  the  blood  corpuscles,  is  opposed  to  the  view  that  they  are  con- 
tractile. He  relies  upon  the  facts  that  we  always  see  the  corpuscles  in  the 
interior  of  the  vessels  of  the  living  animal  in  a  state  of  merely  passive  move- 
ment ;  that  blood  corpuscles  preserved  outside  the  body  for  many  months, 
or  placed  in  blood  destitute  of  oxygen  but  impregnated  with  carbonic  acid, 
or  in  blood  impregnated  with  carbonic  oxide,  behave  themselves,  when  acted 
on  by  electrical  shocks,  in  a  manner  essentially  similar  to  those  that  have 
been  recently  taken  from  the  living  animal.  Max  Schultze  §  also,  from  his 
experiments  on  the  influence  of  warmth  on  the  non-nucleated  corpuscles  of 
Man  and  Mammals,  arrived  at  the  conclusion  that  these  at  least  were  not 
contractile ;  and  Kiihne  ||  expresses  himself  in  similar  terms. 

We  arrive  here,  however,  at  a  point  at  which  it  appears  necessary  to 
determine  what  signification  must  be  applied  to  the  term  contractility. 
Briicke,  in  the  treatise  above  alluded  to,  justifying  himself  in  speaking  of 
the  contraction  of  the  zooid  as  of  a  living  being,  remarks  that  it  would 
profit  us  nothing  were  we  to  refer  the  separation  of  the  zooid  from  the 
oekoid,  not  to  a  contraction  of  the  former,  but  to  a  process  resembling 
coagulation,  and  that  we  have  no  guarantee  that  we  have  arrived  nearer  to 
the  truth.  A  movement  which  we  may  designate  by  the  term  contraction 
certainly  occurs ;  for  the  colored  material  unquestionably  retreats  from  all 
sides  towards  the  nucleus.  What  may  be  the  causes  of  this  contraction, 
and  whether  it  may  be  compared  in  its  essence  with  the  conti-uction  of  a 
dying  amoeba,  will  probably  long  remain  a  subject  of  uncertainty ;  to  the 
illumination  of  this  darkness  we  may,  however,  soon  attain. 

Outline  op  the  Chemistry  of  the  Red  Corpuscles. — The  best-known 
constituent  of  the  red  blood  corpuscles  is  haamoglobin ;  this  can  easily  be 

♦  Pfliigefs  Archivfur  Physklogie,  1868,  p.  591. 

+  Centraiblatt  fur  die  niedmn,  Wmenscfinften.^  1868,  p.  851. 

i  Wiener  Akad.  Beriehie,  Band  1.,  pp.  190—200. 

I  ArcMvfUr  Mikrmhop.  Anatomie^  Band  i,  pp.  83,  84 

\  Physioiog.  Chemie.    Leipzig,  186d,  p.  191. 
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obtamed  in  the  cry  stall  ine  condition.  Haemoglobin  crystals  have  long  been 
known  as  blood  crystals,  and  have  been  subjected  to  microscopical  scrutiny. 

In  the  first  instance  they  wei*e  recognized  accidentally,  Reichert*  having 
observed  them  in  a  preparation  from  the  guinea-pig  preserved  in  alcohol,  in 
the  form  of  tetrahedra.  Funke,f  Kunde,J  Schwann, §  at  a  later  period 
obtained  the  crystals  methodically  from  blood  treated  with  water,  and  found 
that  the  crystals  of  coloring  matter  from  the  blood  of  different  animals  pre- 
sented different  crystalline  forms,  whilst  those  from  the  same  animal  were 
for  the  most  part  identical.  Those  from  different  animals  were  at  first  con- 
sidered to  belong  to  very  different  crystalline  systems. 

It  has  been  more  recently  ascertained  that  blood  crystals  can  not  only  be 
obtained  by  de8ti*03dng  the  blood  corpuscles  with  water,  but  that  an  entira 
series  of  conditions  which  render  the  blood  carmine  in  color  by  destruction 
of  the  corpuscles  also  lead  to  the  production  of  haemoglobin  crystals.  Thus, 
for  instance,  RoUett  has  shown  that  freezing  and  subsequent  thawing  of 
the  blood,  as  well  as  the  discharges  of  voltaic  electricity ;  Rollett  and  A. 
Schmidt,  that  the  alteration  which  the  corpuscles  undergo  at  the  positive 
pole  of  a  constant  current ;  Max  Schultze,  that  the  elevation  of  the  tem- 
perature of  the  blood  by  means  of  a  water-bath  at  60°  C.  (140°  Fahr.); 
Bursy,  that  the  addition  of  powdered  salt ;  V.  Wittich,  that  the  addition 
of  ether,  or  transmission  of  ether  vapor;  Biittcher,  that  the  action  of 
chloroform ;  and  KUhne,  that  the  alkaline  salts  of  the  biliary  acids,  produce 
the  same  effect. 

From  each  drop  of  such  lake-colored  blood  a  large  number  of  beautiful 
crystals  may  be  obtained  on  the  object  slide  of  a  microscope.  Such  crystals, 
obtained  in  constantly  increasing  numbers  from  different  species  of  animals, 
aDd  examined  with  still  increasing  care*,  are  now  proved  to  belong  to  two 
different  crystalline  systems.  Lang||  was  the  firet  to  show  that  what  were 
regarded  as  regular  toti-ahedra  from  the  blood  of  the  guinea-pig,  when  ex- 
amined with  a  Nicol's  prism  in  a  polarizing  microscope,  appeared  clear  in 
four  azimuths,  and  dark  in  four  azimuths,  and  therefore  that  from  their 
optical  characters  they  belonged  to  the  rhombic  system :  and  further,  that 
when  compared  with  the  prismatic  crystals  of  human  blood  belonging  to 
the  same  system,  the  following  results  were  obtained.  The  lengths  of  the 
axes  of  the  pidsms  of  human  blood  present,  according  to  measurements  of 
the  acute  angle  of  the  rhombic  terminal  plane  (54^  1'),  the  proi)ortion  of 
1  :  1,96  =  1  :  2*0,98 ;  if  then  the  second  axis-length  be  divided  by  2,  the  two 
axes  would  be  of  nearly  equal  length,  which  agrees  well  with  the  crystals 
from  the  blood  of  the  guinea-])ig. 

The  crystals  of  by  far  the  greatest  number  of  animals,  however,  occur 
either  in  the  form  of  simple  tetrahedra,  or  of  tetraliedra  with  truncated 
angles  and  edges ;  or,  like  those  of  man,  they  form  rhombic  prisms,  respect- 
ing which  the  recent  treatise  of  Preyer  %  may  be  consulted.  The  blood 
crystals  of  squirrels  alone,  formerly  described  as  six-sided  plates,  appear,  as 
shown  by  Von  Lang,**  to  be  six-sided  plates  belonging  to  the  hexagonal 
system. 


•  Mfiller'a  Arehiv,  Jahrgang  1849,  p.  197. 

f  Zeitsefiriftfur  rationale  Medicin,  N.  F.,  Band  i.,  p.  172 ;  Band  11.,  p.  199. 

\  Idem,  Band  11.,  p.  271. 

k  JIarutbuch  der  PhysM.  C7iemie,  Band  i.,  p.  865  ;  Band  11.,  p.  151. 

f  Sitzungsberiehte  der  Wiener  Akademie,  Band  zlvi.,  p.  85,  et  8eq, 

1  Pfluger's  Archiv,  Jahrgang  1868,  p.  365. 

^*  Loe.cU.y]^.  89. 
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Yon  Lang  also  first  demonstrated  that  crystals  of  hssmoglobin,  examined 
in  two  azimuths,  with  only  one  Nicol's  prism  over  or  under  the  object, 
exhibited  colors  different  from  those  in  the  two  intervening  ones,  and  that 
they  therefore  present  absorption  phenomena  in  regard  to  light,  in  accord- 
ance with  their  crystalline  form  (Pleochroismus). 

Besides  hramoglobin,  a  series  of  other  substaiices  have  been  ascribed  to 
the  blood  coi-puscles,  constituting  their  colorless  portion,  which  neverthe- 
less appear  to  exist  in  very  variable  quantities  in  different  animals.  To 
these  belong  the  albuminous  bodies.  The  globulin,  or  paraglobulin  of 
Kuhne  may  be  precipitated  by  means  of  carbonic  acid  from  blood  corpuscles 
modified  to  a  certain  degree  by  the  action  of  water  (Kiihne,  A.  Schmidt, 
Strieker). 

Moi-eover,  an  albuminous  body,  which  still  requires  investigation,  has  been 
termed  fibrinoid  by  Hoppe,  and  fibrin  by  Heynsius. 

L.  Hermann  and  Hoppe  have  demonstrated  the  presence  of  protagon,  and 
Hoppe  the  presence  of  lecithin  in  the  stroma  of  the  blood  corpuscles.  As 
a  consequence  of  the  presence  of  haemoglobin  they  contain  a  variable  quan- 
tity of  oxygen,  and  A.  Schmidt  has  demonstrated  the  presence  of  carbonic 
acid  in  them.  In  addition  to  these  substances  there  still  occurs  a  certain 
projjortion  of  salts  differing  qualitatively  from  the  minei-al  matters  of  the 
plasma. 

The  Colorless  Morphological  Constituents  op  the  Blood. — Amongst 
these  the  white  corpuscles  of  the  blood  deserve  to  be  first  mentioned.  These 
were  distinguished  by  Hewson  from  the  colored,  and  the  great  majority  are 
characterized  by  the  lively  movements  they  are  capable  of  performing.* 

Max  Schultze,  f  who  has  lately  carefully  investigated  these  forms,  distin- 
guishes several  kinds  in  human  blood.  First,  round  cells,  not  attaining  the 
size  of  the  red  blood  corpuscles,  composed  of  a  thin  layer  of  cell  substance, 
investing  one  or  two  nuclei,  which  last  are  either  spheroidal  or  flattened  by 
mutual  compression. 

With  these  may  be  associated  other  foims,  equalling  in  size  the  ordinary 
red  blood  corpuscles,  and,  like  the  former,  possessing  nuclei.  Lastly,  finely 
and  coarsely  granular  amoeboid  cells  are  met  with,  and  various  intermediate 
forms  between  them. 

In  freshly  drawn  blood  these  last  appear  as  more  or  less  rounded  or  irre- 
gularly shaped  forms.  At  a  temperature  of  from  35^  to  40°  C.  (95°  to 
104°  Fahr.)  lively  movements,  resembling  the  creeping  motions  of  an  amoeba, 
occur.  When  the  temperature,  however,  is  raised  above  40°  C,  the  move- 
ments cease,  and  the  cells  harden. 

As  long  as  they  are  in  active  movement  they  are  capable  of  absorbing 
small  particles  of  coloring  matter,  as  of  carmine  and  anilin  blue,  and  also 
milk  globules,  into  the  inteiior  of  their  bodies.  In  reference  to  the 
further  peculiarities  of  these  true  protoplasmic  masses,  I  must  refer  to  the 
first  chapter  of  this  manual.  Besides  the  white  corpuscles  of  the  blood, 
Max  Schultze  admits,  as  constant  constituents  of  human  blood,  irregularly 
formed  masses  of  colorless  globules,  which  he  regards  aj9  fragments  of  cell 
substance. 

There  ia  a  statement  frequently  met  with  in  books,  that,  imder  certain 
circumstances,  fat  drops  are  met  with  in  the  blood,  often  in  such  quantity 

*  Wharton  Jones,  PkUoBcpMcal  Transactiom^  1846.    Davaine.  Mimoire  de  (a  SocieU 
de  BkHogU,  1850.  Tom.  ii.,  p.  108.     LieberkQhn,  Mailer's  Arehiv,  1854,  p.  11,  et  s^. 
f  Archivfur  Mikrotkop,  AnaUmie^  Band  L,  p.  9. 


Digitized  by 


Google 


CX)LORLES8   CORPUSCLES   OF  THE  BLOOD.  289 

that  the  senim  acquires  a  milky  appearance,  as  in  sucking  animals,*  and 
after  the  use  of  oleaginous  food.f  Oily  matters,  which  have  entered  the 
blood,  seem,  however,  to  disappear  with  great  rapidity.  In  the  remarks 
made  upon  Schlemm's  observations  on  kittens,  Joh.  MUller|  states  that  he 
only  found  milky  serum  when  the  animal  had  shortly  before  ingested  milk. 

Yet  another  morphological  constituent  occurs  in  the  so-called  elementaiy 
corpuscles  of  Zimmerman. §  These  have  been  held  to  be  generators  of  the 
blood  corpuscles.  The  greater  number  of  them,  obtained  in  the  mode  adopt- 
ed by  Zimmerman,  from  blood  treated  with  salt,  can  be  easily  recognized 
as  artificial  products ;  that  is  to  say,  as  the  colorless  remains  of  distorted 
red  corpuscles  (Hensen).  It  is  not  a  matter  of  surprise  that  similar  forms 
should  also  be  frequently  found  in  freshly  pi-epared  blood  (Kneuttinger). 
Lastly,  Max  Schultze  has  demonstrated  that  the  smallest  elementary  cor- 
puscles of  Zimmerman  agree  with  his  befoi-e-mentioned  granules. 

As  regards  the  number  uf  the  whit^  blood  corpuscles,  they  are  much  less 
abundant  in  normal  blood  than  in  the  red,  and  their  relative  number  is 
sabject  to  much  greater  variation.  The  variations  depend  upon  the  age, 
sex,  period  after  food,  and  the  vascular  territory  from  which  the  blood  ex- 
amined has  been  taken. 

Under  all  these  different  circumstances  the  number  of  the  white  blood 
corpuscles  has  been  counted,  according  to  the  methods  adopted  for  the 
emuneration  of  tJie  red.jj 

Fig.  94. 


On  the  average  there  is,  according  to  Welcker,  one  white  corpuscle  to  33'Jj 
lied,  and  according  to  Moleschott,  one  to  357. 

Boys  have  one  colorless  to  226  colored.     Men,  one  to  346.     Old  men, , 
one  to  381.     Gii'ls,  one  to  389.     Young  women  who  are  menstruating,  one 
to  247.     The  same  women,  when  not  menstruating,  one  to  405.     Pregnant 
women,  one  to  281  (Moleschott). 

*  Schlemm  and  Joh.  MiiUer,  Froriep^s  Notvum^  Bond  xxv.,  1820,  p.  121, 

4  Kiihne,  Physiolog.  Ghemu,  p.  181.    Kolliker,  Qewebdehre,  1807,  p.  620. 

i  Lot.  cit. 

§  Rust's  Magaaine,  Band  Ixvi.,  p.  171 ;  Virchow^s  Archiv^  Band  xviil,  p.  221; 
ZeUaehrift  fur  wmerutchaftUche  Zoohgie^  Band  xi.,  p.  344.  Hensen,  loe.  eit.  p.  259. 
Max  Schultze,  loc.  eit..  p.  80.     Eneuttinger,  loc.  dt.y  p.  5. 

I  Welcker,  Prag^,  Viertetja/irnehrift,  loc.  eit.  Moleschott,  Wiener  medicin.  Woehen- 
9eknf%  1854,  No.  8.  Hirt,  De  Oopia  rdativa  GorpusG^ulorum  Sanguinis  Alboruni. 
Dm,  inaug.  Lips.,  1855.  E.  de  Purg,  Virchow's  ArcMv,  Band  viii.,  p.  301.  Marfels. 
Moleschott^B  Untersuchungea  mr  NatuHehre,  etc.,  Band  i.  p  61.  Lorange,  Quoniodo 
raUo  CeBularum  alb.  et  rub.  mutetur,  etc,  Diss,  imtiig.  Regiomont,  1866. 
19 
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Hirt  found  in  the  early  morning,  and  in  the  fasting  condition,  that  the 
proportion  was  one  white  corpuscle  to  716  red  ;  half  an  hour  after  break- 
fast, 1  :  347  ;  two  to  three  houi-s  later,  1  :  1,154 ;  ten  minutes  after  a  mid- 
day dinner,  1  :  1,592;  half  an  hour  after  the  same,  1  :  429;  two  to  three 
hours  after  the  same,  1  :  1,481 ;  half  an  hour  after  tea,  1  :  544  ;  two  to  three 
hours  after  tea^  1  :  1,227. 

In  the  splenic  vein,  Hirt  found  the  proportion  to  be  1  :  60  ;  in  the  splenic 
ai-tery,  1 :  2,260 ;  in  the  hepatic  vein,  1  :  170  ;  and  in  the  portal  vein,  1  : 
740. 

Several  kinds  of  colorless  morphological  constituents  can  likewise  be  dis- 
tinguished in  the  blood  of  the  Frog  *  (j&g.  94,  a) ;  namely,  the  ordinary 
amceboid  cells,  and  the  so-called  gi'anule  cells,  filled  with  highly  i*efractile 
granules.  The  former  (fig.  94)  exhibit  more,  the  latter  less  lively  changes 
of  form,  associated  in  freshly  drawn  blood  with  locomotive  fnovements,  and 
likewise  take  up  into  their  interior  milk  globules  and  particles  of  coloring 
matter,  f  Preyer  J  saw  portions  of  the  red  blood  corpuscles  of  extravasated 
blood  in  Amphibia  taken  up  by  white  blood  corpuscles,  and  thus  explained 
the  nature  and  mode  of  occurrence  of  the  bodies  that  were  previously  called 
blood-corpuscle-holding  cells.  When  act-ed  upon  by  induced  currents,  and 
the  discharges  of  voltaic  electricity,  these  cells  become  round,  §  just  as 
occurs,  according  to  Kuhne,  in  amoebse  when  irritated.  Golubew  showed 
that  the  cells  of  the  frog,  after  having  been  made  to  contract  by  the  appli- 
cation of  a  stimulus,  recommence  their  movements.  The  character  of  these 
movements,  however,  is  no  longer  the  same  as  before  the  initation ;  for, 
whilst  the  processes  are  in  the  first  instance  conical  and  finely  pointed,  on 
the  recommencement  of  the  movement  after  excitation  they  are  more  round- 
ed, as  well  as  shorter  and  broader,  are  quickly  protnided,  and  are  again 
withdrawn,  to  reappear  in  the  immediate  proximity ;  so  that  a  kind  of  un- 
dulation runs  round  the  corpuscle  (fig.  94,  6).  After  a  short  time,  either 
the  original  character  of  the  movement  reappears,  or  the  corpuscles  expand 
on  the  recurrence  of  movements,  into  a  flat  disk.  When  in  either  of  these 
phases,  increased  strength  of  excitation  immediately  causes  the  corpuscle  to 
reassume  the  spheroidal  form  {hg,  94,  c). 

After  the  continuous  application  of  strong  shocks  the  white  coipuscles 
become  destroyed,  molecular  movements  occur  in  the  swollen  cells,  or  they 
are  ultimately  reduced  to  disks,  and  discharge  their  granules.  A  great 
number  of  these  cells  can  be  observed  in  an  isolated  condition  if  a  drop  of 
blood,  recently  obtained  from  a  Newt  or  Frog,  be  brought  upon  a  glass 
cover  placed  over  a  moist  cell,  and  the  drop,  whilst  freely  dependent, 
allowed  to  coagulate.  It  is  soon  observable,  when  the  zone  of  serum  extends 
beyond  the  limits  of  the  clot,  that  in  this  zone,  in  consequence  of  an  active 
migration  from  the  coagulum,  numerous  amoeboid  cells  are  present,  and  that 
they  have  accumulated  on  the  surface  of  the  coagulum. 

Sclarewsky  ||  has  discussed  this  phenomenon  of  the  migration  of  the  white 
blood  corpuscles  from  the  coagulum  at  considerable  length,  as  it  may  be  ob- 
served in  blood  coagulated  in  capillary  tubes.  The  above-mentioned  simple 
experiment  is  far  better  adapted  for  the  isolation  of  the  cells  for  microscopi- 

*  Rindfieisch,  loe.  dt.^  p.  21.  Kneuttinger,  he.  cit.^  p.  10,  et  seq.  Golnbew,  SiU- 
ungshericJite  der  Wiener  Akademie,  Band  Ivii.,  p.  555. 

f  BecklinghauBen,  Yirchow^s  Arckiv^  Band  xxviii.,  p.  185  ;  Die  Lymphgefdne  und 
ihre  Besiefiung  zum  Bindegeicebe.    Berlin,  1862,  p.  22. 

XLoc.  cit,  p.  428. 

§  Neumann,  Reichert  and  Du  Bois^  ArofUv.  1867,  p.  31.     Golubew,  he.  eit,,  p.  655 

I  Pflager'8  Arc/Uv,  1868,  p.  660. 
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cal  observation,  and  the  investigations  which  can  thus  be  made  into  the 
details  of  the  migration  of  the  individual  cells  render  it  clear  that  the  indi- 
vidual movement  of  the  cells  is  the  chief,  if  not  the  exclusive,  cause 
of  their  emigration.  The  causes  which  must  be  admitted  for  the  move- 
ments leading  to  this  migration  are  still  to  be  ascei*tained. 

Besides  these  migrating  cells  a  few  small  colorless  structures,  presenting 
the  appearance  of  free  nuclei,  occur  in  the  blood  of  the  Frog  at  all  periods 
of  the  year ;  lastly,  we  meet,  in  the  blood  of  the  frog,  with  the  fusiform  cells, 
first  exactly  described  by  Von  Kecklinghausen,*  which,  however,  vary  in 
number  with  the  period  of  the  year,  being  especially  abundant  in  spring. 
They  possess  a  bright  homogeneous  cell  substance,  and  a  granular  oval 
nucleus. 

Von  Eecklinghausen,  who  has  acquainted  us  with  the  remarkable  fact 
that  if  the  freshly  drawn  blood  of  the  Frog  be  preserved  in  moist  air,  after 
a  shoi-t  time  an  active  process  of  cell  formation  takes  place  in  it,  which  ulti- 
mately leads  to  the  formation  of  red  blood  corpuscles,  has  also  furnished 
some  description  of  the  intermediate  forms  that  may  be  observed.  Sclarews- 
kyf  and  GolubewJ  have  also  been  lately  occupied  with  the  investigation  of 
the  intermediate  forms  between  the  white  and  red  blood  corpuscles.  From 
the  statement  of  these  authors  it  is  to  be  concluded  that  the  pale  cells^ 
which  otherwise  resemble  red  blood  corpuscles,  occurring  in  the  blood  of 
the  Frog,  and  described  by  earlier  observers,  are  to  be  regarded  as  amongst 
these  intermediate  forms.  § 

From  the  fects  just  mentioned,  we  are  directly  conducted  to  the  difficult 
questions  of  the  origin  and  regeneration  of  the  organized  constituents  of 
the  blood. 

Development  of  the  Blood  Corpuscles. 

The  first  colored  blood  corpuscles  in  the  fowl  originate  contemporane- 
ously with  the  formation  of  the  first  vessels  in  the  germinal  area,|  or  in 
the  vascular  area  and  area  opaca,^  and  they  either  detach  themselves  from 
the  walls  of  the  vascular  spaces  (Afanasiefif),  hanging  together  in  isolated 
groups  (blood  islands,  "Wolf  and  Pander),  or  they  may  originate,  according 
to  the  view  of  His,  in  the  form  of  groups,  from  large  masses  of  protoplasm 
in  the  walls  of  the  vessels,  and  at  a  later  period  burst  into  their  lumen. 
Soon  after  the  coalescence  of  the  vessels  with  the  heart,  these  primordial 
blood  corpuscles,  which  are  lying  ready  to  be  borne  onwards  by  the  current, 
are  floated  oflT,  either  separately  or  in  groups  (His).  The  primordial  blood 
cells  exhibit  numerous  processes  and  outgrowths  (His).  Moreover,  the 
colored  blood  corpuscles  circulating  during  the  later  periods  of  intra-oval 
life  exhibit  numerous  forms  attiibutable  to  fission,  which  have  been  de- 
scribed and  depicted  by  Remak.** 

In  the  tail  of  young  tadpoles  the  newly  formed  vessels  are  found  to  be 
filled  with  peculiar,  short,  compressed,  fusiform  bodies,  flattened  on  two  of 

♦  Max  Schultase^s  ArchCVy  Band  ii..  p.  137. 

f  CentraMatt  fur  die  medhin.  Wmenschaftm,  1867,  p.  865. 

iLoe.  cit.,  p.  666. 

§  Wharton  Jones.  Philosophical  TransacUanSy  1846.     Hansen,  lac.  eit,  p.  263. 

I  Afanasieff,  SitzungsberCchte  der  Wierier  Akademie^  Band  liii.,  p.  560. 

1  His,  Untermchungen  uber  die  erste  ArUage  dee  WirbeUhierleibes.  Leipzig,  1868, 
p.  95. 

*♦  UrUermekungen  Uber  die  EntwicMung  der  WirbeUhiere,  Berlin,  1855,  p.  164 : 
MOller^s  ArcMv.  1858  p.  178. 
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their  sides,  which  present  a  very  light  yellow  tint,  and  contain  numerous 
yolk  granules,  but  are  otherwise  homogeneous. 

In  addition  to  these  primary  cells  there  appear,  it  would  seem,  concomi- 
tantly with  the  progressive  development  of  the  intestinal  tract,  a  constantly 
increasing  number  of  white  corpuscles.  The  number  of  the  cells  filled  with 
yolk  granules,  on  the  other  hand,  gradually  diminishes.  We  soon  after 
meet  with  the  intermediate  forms  already  described  as  existing  in  adult 
animals,  together  with  colored  blood  corpuscles  of  the  form  ordinarily  pi*es- 
ent  in  the  blood  of  the  Frog. 

In  Mammals  there  may  be  observed  in  the  blood  of  the  embryo,  at  an 
early  stage,  nucleated  colored  blood  corpuscles  in  process  of  fission.  At  a 
later  period  these  forms  are  less  abundant,  in  accordance  with  the  progres- 
sive development  of  the  embryo  and  of  the  spleen  in  particular  (Kolliker), 
and  we  meet  with  numerous  white  corpuscles  in  the  blood  of  the  liver, 
which  become  metamorphosed  into  colored  nucleated  blood  corpuscles.  Up 
to  a  certain  period  of  embryonic  life  only  nucleated  red  blood  corpuscles 
are  present  in  the  blood  (Kolliker).  The  non-nucleated  first  appear  at  a 
later  period,  their  relative  number  then  undergoing  a  constant  increase. 
According  to  Kolliker,  non-nucleated  corpuscles  are  not  present  in  the 
blood  of  foetal  sheep  measuring  three  and  a  half  inches  in  length ;  in  those 
of  nine  inches  long  they  are  but  seldom  found,  whilst  they  constitute  the 
majority  in  foetuses  that  are  thirteen  inches  in  length.*  According  to 
Ilobin,f  in  human  embryos  measuring  thiii;y  millimetres,  about  one-half 
of  the  total  number  of  blood  corpuscles  are  destitute  of  nuclei ;  a  few 
nucleated  corpuscles  are  still  discoverable  in  embryos  of  the  fourth  month, 
and  even  at  still  later  periods. 

As  has  already  been  mentioned,  the  red  blood  corpuscles  can  be  regene- 
rated in  large  numbers  in  the  blood  of  adult  animals,  and  this  is  accom- 
plished at  the  expense  of  the  white  corpuscles,  as  was  demonstrated  in  the 
case  of  the  frog  by  V.  Eecklinghausen,  and  still  more  recently  again  by 
Golubew.  Fission  of  the  red  blood  coipuscles  in  adult  animals  has  only 
been  observed  in  a  few  rare  instances. 

Whether  the  colorless  corpuscles  always  undergo  multiplication 
within  the  blood  itself,  and  by  what  mode  of  cell  genesis  they  multiply, 
are  still  open  questions.  It  is  certain  that  a  large  number  of  white  corpus^ 
cles  are  added  to  the  blood,  not  only  during  the  period  of  development  and 
of  gi'owth  of  the  animal  organism,  but  also  throughout  life,  by  the  agency 
of  the  lymph  current,  the  corpuscles  of  this  current  originating  in  localized 
germ-producing  organs,  situated  external  to  the  blood  (lymphatic  glands). 

If  the  continual  addition  of  such  young  cells  had  only  as  an  object  the 
supply  of  material  for  the  regeneration  of  the  red  blood  corpuscles,  it  would 
demonstrate  that  the  latter  are  very  unstable  structures  in  which  rapid 
metamorphoses  take  place.  Independently,  however,  of  the  circumstance 
that  it  is  possible  the  white  corpuscles  themselves  undergo  disintegration  in 
the  blood,  we  know  as  a  fact  that  they  migrate  from  the  interior  of  the 
vessels  into  the  tissues,  and  that  they  participate  in  effecting  certain  plastic 
processes  in  these  tissues ;  on  the  other  hand,  up  to  the  present  time  we 
are  acquainted  with  only  two  regularly  recurring  processes,  in  one  of  which 
— menstruation — there  certainly  occurs,  whilst  in  the  other — the  prepara- 


*  Kolliker,  Zekschriftfur  nUwndle  Medicin,  Band  iv.,  p.  112;  Oeirebdehre.  Leip- 
zig, 1867,  p.  037.  E.  H.  Weber  and  Kolliker,  ZeUschrift  fur  rationeUe  Median,  Band 
iv.,  p.    160. 

t  Journal  de  la  Physiobgie.    Paris,  1858,  p.  288. 
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tion  of  bile* — there  very  probably  occurs  the  destruction  of  a  large  number 
of  red  blood  corpuscles. 

Moreover,  the  observations  on  the  disintegration  of  the  red  blood  cor- 
puscles may  here  be  alluded  to,  that  have  been  descnbed  as  taking  place  in 
the  formation  of  pigment  in  the  spleen,  in  the  blood-corpuscle-holdmg  cells 
of  the  spleen  (vide  spleen),  and  of  the  medulla  of  the  bones ;  but  in  regard 
to  the  period  of  the  occurrence  of  which  during  life  nothing  is  at  present 
known. 

Forms  that  may  be  supposed  to  be  transitional  between  the  white  and 
the  red  corpuscles  contained  in  the  general  mass  of  the  blood  of  Mammals 
have  however  been  described  by  Erbf  under  the  term  of  "  granular  blood 
corpuscles,"  appearing  in  particular  after  artificial  losses  of  blood. 

Kolliker|  adverts  to  the  fact  that  he  long  ago  found  similar  forms  in  the 
blood  of  the  young  sucking  mouse.  The  mode  in  which  they  originate  from 
the  nucleated  white  corpuscles,  and  the  stages  of  their  conversion  into  the 
ordinary  form  of  the  red  blood  corpuscles,  still  require  to  be  systematically 
followed  out.  In  the  blood  of  leuc»mic  patients  nucleated  red  blood  cor- 
puscles are  frequently  to  be  found  presenting  the  appearance  of  the  nucleated 
embryonic  blood  corpuscles  of  Mammals  and  of  Man. 

Beference  may  here  also  be  made  to  the  statements  advanced  respecting 
the  presence  of  red  corpuscles  in  process  of  development  in  the  pulp  of  the 
spleen.     (See  the  chapter  on  the  Spleen.) 

In  the  last  place,  attention  has  very  recently  been  directed  by  Neumann§ 
to  the  nucleated  red  corpuscles  constantly  present  in  the  medulla,  and  espe- 
cially in  the  red  medulla  of  bones  (Man,  Babbit);  and  Bizzozero]  has  cor- 
roborated the  observations  of  Neumann  in  the  case  of  Man,  the  Babbit, 
and  the  Mouse.  Both  inquirers  describe  a  complete  series  of  transitional 
forms  existing  between  the  white  nucleated  and  the  non-nucleated  red  blood 
corpuscles^  and  associate  the  marrow  of  the  bones  consequently  with  the 
development  of  the  blood.  Still  further  communications  on  this  function 
of  the  bony  marrow  have  just  been  made  by  Hoyer.^ 

*  Kuhne,  PhysMogUche  Chemie,  p.  88. 
\  Virchow's  Archiv^  Band  xxziv.,  p.  138,  Taf.  iv. 
I  Qewebekhre. 

§  CentraOiatt  fUr  dU  medidn.  WtMensehaft.,  Jahr.  1808,  p.  689 :  and  ArMv  fdr 
BeSkunde.  1869,  p.  640. 

tCerUraHtkUt,  1868,  p.  881 :  and  1869,  p.  149. 
CeniraUtlaU,  1869,  pp.  244  and  357. 
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with  the  same  gland  substance  in  different  stages  of  development.  This 
remark  applies  also  to  adult  animals. 

K  we  now  proceed  to  examine  with  more  minuteness  the  salivary  cells 
of  the  alveoli,  I  must  in  the  first  place  observe  that  they  appear  to  be  in- 
vested by  a  membrane  both  towards  the  lumen  of  the  tube  and  where  they 
are  in  apposition  with  each  other.  It  is  important  to  observe  that  the 
double  contours  of  two  salivary  cells  in  contact  with  one  another  are  not 
always  perfectly  dbtinct,  as  though  at  some  points  there  existed  a  still  more 
intimate  union  between  them.  The  protoplasm  of  the  salivary  cells  is  te- 
nacious, finely  granular,  and  freiiuently  striated.  A  cell  of  this  kind  may 
give  rise  to  the  impression  that  its  protoplasm  is  composed  of  innumerable 
extremely  fine  fibrils.  The  average  size  of  the  salivary  cells  is  0*014  milli- 
metre in  diameter.  The  largest  epithelia  of  this  kind  with  which  I  am 
acquainted  I  have  found  in  certain  alveoli  of  the  salivary  glands  of  the  Ox. 

An  extremely  pale  spherical  nuclexis  is  to  be  found  in  the  interior  of  the 
protoplasm  in  all  fresh  specimens,  and  even  in  those  that  have  been  mois- 
tened with  diluted  acids.  After  the  action  of  the  acid  has  been  long  con- 
tinued, it  becomes  highly  refractile,  and  presents  a  dark  and  sometimes  dou- 
ble contour  line.  It  then  gradually  shrinks,  and  applies  itself  as  a  flat  disk 
to  the  wall  of  the  cell,  which  frequently  renders  ite  recognition  a  matter  of 
difiSculty.  The  cell  nucleus  lies  eccentrically  to  the  salivary  cell  and  alve- 
olus, and  immediately  beneath  the  membrana  propria.  Its  average  size  in 
the  fresh  condition,  after  being  bi-ought  into  view  by  dilute  acids,  amounts 

Fig.  95. 


Fig.  95.  Isolated  alveoli  of  the  Babbit,  exhibiting  pTocefi8e&  Magnified  480  diameters. 

to  0*306  millimetre.  The  most  remarkable  peculiarity  presented  by  the 
nuclei  of  the  cells,  when  fresh,  is  that  they  give  off  an  extremely  delicate 
fibre  (fig.  95),  which  often  penetrates  that  surface  of  the  salivary  cell  which 
is  in  contact  with  the  membrana  propria.  I  have  seen  these  caudate  nuclei 
in  perfectly  fi*esh  specimens.  The  submaxillary  gland  of  the  rabbit  or  pig 
is  best  adapted  for  their  demonstration.  The  existence  of  the  processes  of 
the  nculei  has  been  corroborated  by  C.  Otto  Weber,  as  well  as  by  Boll, 
whilst  by  Kolliker  and  Heidenhain,  though  undoubtedly  incorrectly,  it  is 
denied.  The  latter,*  it  is  remarkable,  has  himself  drawn  a  thick  process, 
attached  with  such  remarkable  distinctness  to  the  nucleus  of  an  isolated 
salivary  cell,  receiving  as  it  leaves  this  a  sheath  of  the  cell  membrane,  that, 
upon  the  giound  of  this  positive  observation  alone,  I  should  draw  the  con- 

*  R.  Heidenhain,  Stitdien  des  phy9Mog%9chm  ImtitvU  zu  BreUati,  1858,  Taf.  iv., 
fig.  13  X. 
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elusion  that  the  process  is  frequently  not  seen  in  connection  with  the  cell, 
because  it  is  destroyed  in  putting  up  the  preparation.  The  nuclear  process 
appears  to  be  hollow,  since  it  often  discharges  a  large  quantity  of  tenacious 
material,  which  clearly  proceeds  from  the  nucleus.  In  consequence  of  the 
nuclear  process  leaving  the  cell,  it  gives  the  latter  the  a])pearance  of  being 
stalked,  as  has  been  seen  by  Schluter,  myself,  Gianuzzi,  Boll,  and  Kolliker. 
According  to  the  descriptions  given  by  Schluter  and  myself,  the  cell  pro- 
cesses are  often  of  great  length,  branch,  coalesce  (Schltlter),  and  support 
(he  alveolar  cells  like  berries. 

There  is  never  more  than  one  nucleus  in  each  salivary  cell.  Occasionally, 
indeed,  there  appear  to  be  more,  but  in  such  cases  there  is  always  a  doubt 
whether  the  line  of  division  between  two  adjoining  cells  is  perceptible. 

According  to  Heidenhain,  there  are  two  kinds  of  salivary  cells,  of  which 
one  contains  mucus,  but  no  albumen ;  the  other  albumen,  but  no  mucus. 
The  former  he  denominates  *' raucous-cells,"  the  latter  "albuminous-cells." 
Both  are  glassy,  transparent,  and  delicately  striated ;  the  latter  are,  in  ad- 
dition, finely  granular.  Where  mucous  cells  predominate,  as  in  the  sub- 
maxillary gland  of  the  dog,  cat,  ox,  and  sheep,  they  may  perhaps  represent 
the  young  condition  of  the  albuminous  cells.  In  the  rabbit,  at  least  in  the 
submaxillary  gland,*  no  mucous  cells,  are,  according  to  this  observer,  to  be 
found. 

Besides  the  points  already  described,  there  still  remains  to  be  noticed  a 
structure,  first  mentioned  by  Gianuzzi,  and  to  which  he  has  applied  the  term 
semi-lunar  body.f 

When  sections  are  made  of  hardened  salivary  glands,  there  appears  here 
and  there  a  concavo-convex  lenticular  lamina,  usually  of  very  small  thick- 
ness, which  adheres  intimately  to  the  alveolus  surrounding  the  salivary 
cells  that  lie  in  its  cavity,  and  presents,  on  section,  a  semi-lunar  form.  But 
inasmuch  as,  on  investigation  of  fresh  glands,  I  was  never  able  to  see  the 
semi-lunar  body,  and  found  that  even  in  rabbits  it  eluded  ray  observation,  I 
was  inclined,  since  this  structure  is  only  demonstrable  in  those  animalB 
which  have  mucous  cells,  to  regard  the  semi-lunar  body  as  an  artificial  pro- 
duct, and  as  originating  in  the  post-mortem  fonuation  of  a  mucous  vesicle, 
compressing  the  cell  protoplasm  towards  the  wall.  And  it  is  remarkable 
that,  according  to  the  recent  investigations  of  Heidenhain,  the  submaxillary 
gland  of  the  dog,  when  the  mucus  is  withdrawn  from  it,  no  longer  presents 
the  demi-lune,  but  resembles  the  same  gland  in  the  rabbit.|  The  elimi- 
nation of  the  mucus  is  effected  by  exciting  the  gland  to  react  through  the 
nerves  for  many  hours,  whereby  the  mucus  and  the  mucus-forming  materials 
are  consumed. 

Later  inquirei^s  do  not  agree  with  me  in  my  opinion  regarding  the  demi- 
lune; nevertheless  they  completely  justify  it,  by  each  one  giving  a  different 
inteipretation  of  its  nature.  C.  Ludwig  and  Gianuzzi  ascribed  to  it  a  la- 
minated structure,  and  described  the  blackening  it  underwent  from  the  action 
of  |jerosmic  acid,  and  the  reddening  with  carmine;  They  were  unable  to 
8ee  nuclei  distinctly.  Boll  and  Kolliker  desciibed  the  "  half-moon  "  as  com- 
poaed  of  connective  tissue,  which,  firmly  adherent  to  the  alveolus,  represents 
the  cells  constituting  the  reticulum  already  referred  to.     Heidenhain  main- 

*  See  Heidenhain,  loc,  eit.,  p,  6. 

f  S.  Gianuzzi,  **  On  the  efiFects  of  acceleration  of  the  blood  currents  on  the  secre- 
tion of  Saliva;  "  Ber.  d.  K  Sdchs,  Ges.  d.  wiss.  Math.  Phys.ClaMe.  8itsung  wmJ^or, 
27,1865. 

t  Heidenhain,  loe.  city  Taf.  ii.,  fig.  5. 
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tained  that  the  demi-lune  was  formed  by  a  layer  of  young  epithelial  cells,  des- 
tined to  supply  the  place  of  those  salivary  cells  which  were  undergoing  disin- 
tegration. I  believe  this  view  to  be  not  an  unreasonable  one,  for  inasmuch 
as  in  the  submaxillary  gland  of  the  dog  the  protoplasm  of  the  mucous  cells 
is  scarcely,  if  at  all,  tinted  with  solutions  of  carmine,  whilst  the  small  nuclei 
lying  at  the  periphery,  as  well  as  the  numerous  superimposed  long  cell  pro- 
cesses running  outward,  are  deeply  stained,  we  have  a  sufficient  explanation 
of  the  occurrence  of  a  complete  marginal  zone  in  the  alveolus.  But  since 
the  term  '<  demi-lune  '^  can  possess  such  different  significations,  it  is  better 
to  avoid  its  use  entirely. 

§  3.  The  Excretory  Ducts. — In  the  interior  of  the  gland,  besides  the 
structures  already  described,  are  tubes  often  of  considerable  size,  and  lined 
with  cylindrical  epithelium,  to  which  the  name  of  excretory  ducts  is  applied. 
Close  investigation  shows  that  they  must  possess  gi*eat  functional  importance. 
As  evidence  of  this,  I  would  first  remark  that  if  a  dog  be  killed  as  rapidly  as 
possible,  and  fine  sections  be  prepared  from  the  submaxillary  gland,  trans- 
parent drops  may  be  seen  exuding  from  the  columnar  cells  lining  the  excre- 
tory ducts,  and  some  of  these,  having  already  become  detached,  lie  in  the 
lumen  of  the  tube,  appearing  in  the  form  of  round,  sharply  defined,  cleai* 
spherules.     These  unquestionably  proceed  from  the  cylindrical  epithelium. 

Fig.  96. 


Fig.  96.  Transverse  section  of  a  fresh  salivary  tube  in  diluted  chromic  acid  of  one- 
fiftieth  per  cent.     Magnified  480  diameters. 

But  inasmuch  as  drops,  presenting  precisely  the  same  appearances,  are  found 
in  freshly  secreted  saliva,  that  has  been  caused  to  flow  by  irritation  of  the 
gland,  it  would  appear  highly  probable  that  these  cylindrical  epithelial  cells 
also  belong  to  the  secretory  apparatus.  Anatomical  examination  tells  still 
more  strongly  in  favor  of  the  importance  of  these  structures,  since  it  then 
appears  that  the  thickness  of  the  wall  of  the  duct,  as  we  advance  towards  its 
peripheiical  distribution,  instead  of,  as  might  be  expected,  diminishing,  un- 
dergoes material  increase.  The  thickening  of  the  wall  is  in  general  occasioned 
by  the  elongation  of  the  cylindrical  cells,  which,  however,  never  form  moi-e 
than  a  single  layer.  Besides  this,  the  wider  ducts  exhibit  more  or  less 
strongly  marked  outgrowths,  lined  with  the  same  epithelium.  If  the  rami- 
fications of  the  ducts  be  traced  in  a  peripherical  direction,  fine  passages  are 
at  length  met  with,  having  ^  diameter  of  0*010  millimetre,  possessing  the 
same  epithelial  lining  as  the  larger  ones,  and,  if  I  am  not  mistaken,  termi- 
nating in  blind  extremities ;  these  are  the  secretory  tubules — that  is,  the 
capillaries  of  the  salivary  ducts,  having  the  same  tenuity  as  the  biMaiy  capil- 
laries, and  leading  to  the  alveoli.  In  a  word,  these  excretory  ducts,  or  ttal- 
ivary  tubes,  possess  diverticula  of  various  form.  Not  unfrequently  they 
form  loops  or  bend  suddenly. 
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If  we  now  proceed  to  the  study  of  the  characters  of  the  columnar  epi- 
thelium, the  cells  will  be  found  to  possess  an  average  diameter  of  0*004 
millimetre,  and  to  be  of  very  variable  length.  The  cylindrical  epithelial 
cells  are  bo  well  defined  at  their  points  of  contact  with  each  other,  and  on 
their  free  surfaces  directed  towards  the  interior  of  the  tube,  that  they  ap- 
pear to  possess  a  membranous  wall ;  and  these  walls,  towards  the  lumen  of 
the  tube,  are  united  into  a  highly  refractOe  continuous  layer,  the  cells  being 
here  intimately  adherent.  They  are,  however,  strongly  adherent  elsewhere, 
to  so  great  an  extent,  indeed,  that  when  in  the  fresh  condition  it  is  impossi- 
ble to  isolate  them.  If  the  surface  of  the  tube  be  examined,  a  beautiful 
mosaic  of  cells  comes  into  view,  the  transverse  section  of  the  cells  being  for 
the  most  part  completely  filled  by  a  well-defined  nucleus.  The  cell  contents, 
when  a  freshly  made  transverse  section  of  the  salivary  duct  of  a  dog  is  ex- 
amined, appears  to  be  perfectly  hyaline.  This  animal  is  well  adapted  for 
the  purpose,  because  the  toughness  of  the  gland  (submaxillar}-)  permits  fine 
sections  to  be  made  of  it  whilst  still  warm,  after  removal  from  the  body.  The 
most  remarkable  feature  of  these  cylindrical  epithelial  cells  is  presented  by 
the  surface  turned  from  the  canal,  and  which  is  immediately  in  contact  with 
the  membrana  propria.  From  this  spring  a  large  number  of  extremely  fine 
varicose  hairs,  quite  a  bundi  or  pencil  of  such  hairs  proceeding  from  each  cell. 
The  surface  of  the  tube  composed  of  these  cylindrical  cells,  always  easily 
capable  of  detachment  from  the  membi*ana  propria,  appears,  on  account  of 
the  equality  in  length  of  the  several  haii*s,  like  a  thick  brush.  These  ex- 
traordinarily fine  fibrils  may  be  observed  in  any  of  the  fluids  in  which  the 
fresh  gland  can  be  properly  examined.  There  may  also  be  constantly  seen, 
on  focussing  the  surface  of  the  salivary  duct,  fine  points,  which  represent 
the  optic  transverse  section  of  these  varicose  fibrils.  For  these  reasons  I 
am  not  disposed  to  regard  these  brushes  as  artificial  products,  which  have 
originated  by  a  splitting  of  the  peripheric  portion  of  the  cells. 

Whilst  in  most  cells  the  fibres  commence  immediately  below  the  nucleus, 
it  may  be  observed  in  some  preparations,  in  which  the  celb  have  been  iso- 
lated in  iodized  serum,  that  a  few  fibrils  take  origin  from  a  higher  point  in 
the  interior  of  the  cell.  In  many  of  these  cylinders  the  body  of  the  cell 
very  constantly  presents  the  appearance  of  being  delicately  transversely  stri- 
ated. In  the  greater  number  of  instances,  however,  that  portion  of  the 
cell  which  is  next  to  the  canal  remains  transparent.  From  prepai-ations 
made  with  iodized  serum,  it  can  be  shown  that  some  of  these  cylindrical 
cells,  in  consequence  of  the  smallness  or  disappearance  of  their  processes, 
and  the  assumption  of  a  polygonal  form,  approximate  closely  to  the  flattened 
epithelium  found  in  the  alveoli.  This  similarity  also  extends  to  the  cell  con- 
tents and  to  the  nucleus. 

Besides  these  extremely  fine  processes  of  the  columnar  cylinder  cells,  re- 
sembling the  fibrils  proceeding  from  the  axis  cylinder  of  a  nerve,  others  of 
greater  thickness,  and  of  high  refractive  power,  maybe  observed  to  be  given 
off  from  their  sides.  The  significance  of  all  these  processes  wiU  be  hereafter 
discussed  at  greater  length. 

lastly,  as  regards  the  dimensions  of  the  calibre  of  the  tubes,  it  is  found 
that  they  vary  from  a  diameter  of  0'030  millimetre  or  less  to  a  size  easily 
recognizable  with  the  naked  eye.  The  enlargement  is  essentially  effected  by 
increased  diameter  of  the  lumen,  and  to  a  less  extent  by  increased  length  of 
the  columnar  epithelium.  I  have  met  with  such  canals  in  the  interior  of 
the  glands  of  the  dog,  the  lumen  of  which  had  a  diameter  of  0*1  millimetre 
or  more. 

Besides  the  siUivary  tubes,  other  tubes  are  found  in  the  salivary  glands^ 
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varying  considerably  in  diameter,  and  lined  by  a  small  description  of  tesse- 
lated  epithelium,  that  generally  diminishes  with  the  bore  of  the  tube.  These 
may  be  injected  through  the  ordinary  excretory  ducts,  as  well  as  through  the 
salivary  tubes,  and  ultimately  form  by  their  ramifications  passages  which 
have  only  a  diameter  of  0*007  millimetre  or  less,  and  are  lined  by  a  very 
small-celled  pavement  epithelium.  These  passages  constitute  without  doubt 
excretory  ducts  proceeding  from  the  alveoli,  and  form  a  stage  in  that  devel- 
opmental metamorphosis  of  the  gland  which  exists  even  in  the  adult. 

Whether  the  salivary  tubes,  which  are  continuous  with  these  excretory 
ducts  lined  by  pavement  epithelium,  communicate  with  the  alveoli,  and  in 
what  way  this  communication,  if  present,  is  effected,  demands  further  inves- 
tigation. I  know  for  a  fact  that  a  mosiac  of  salivary  cells  may  lie  in  imme- 
diate juxtaposition  to  columnar  epithelium ;  but  it  is  very  rare  for  the  canal 
of  a  salivary  tube  to  be  directly  continuous  with  a  canal  which  is  lined  with 
salivary  cells.  I  am  of  opinion  that  the  communication  between  the  salivary 
tabes  and  the  alveoli  is  effected  by  means  of  very  fine  passages  (salivary 
capillaries).  The  proper  excretory  ducts  (Ductus  Whartonianus,  Stenoni- 
anus,  etc.)  are  generally  admitted  to  be  lined  by  an  epithelium,  consisting  of 
a  single  layer  of  short  cylindrical  cells.  Boll,  however,  describes  the  epithe- 
lium as  composed  of  tesselated  cells.  The  wall  is  strengthened  by  fibi-es  of 
connective  tissue,  with  numerous  elastic  fibres  and  membranes^  as  well  as 
by  smooth  muscular  fibre  cells. 

§  4.  Distribution  of  Nerves  in  the  Salivary  Qland. — ^The  nerve  tis- 
tue  of  the  salivary  glands  consists  of  ganglion  cells  and  fibres.  The  latter 
are  composed  both  of  medullated,  which  constitute  the  greater  number,  and 
of  pale  nerves. 

Three  different  kinds  of  pale  nerves  may  be  distinguished. 

a.  Fasciculi  of  extremely  delicate  transparent  fibres,  presenting  the  char- 
acters of  axis  cylinders,  and  invested  with  a  sheath  of  connective  tissue, 
containing  nuclei.  Were  it  requisite  to  adduce  any  proofs  of  the  nervous 
nature  of  these  fasciculi,  it  might  be  pointed  out  that  these  pale  fibres  form 
from  time  to  time  large  fusiform  varicosities,  consisting  of  nerve  medulla, 
characterized  by  its  double  dark  contour.  The  pale  fibre  between  two  such 
varicosities  differs  in  no  respect  from  that  lying  in  their  immediate  prox- 
imity. The  above  feature,  however,  renders  it  probable  that  these  pale 
fibres  conceal  a  thin  layer  of  nerve  medulla  between  the  axis  cylinder  and 
the  sheath.  At  the  same  time,  neither  a  special  investing  sheath  nor  nuclei 
can  be  demonstrated  around  the  individual  primitive  fibres,  as  indeed  fol- 
lows from  what  has  been  above  stated,  and  these  consequently,  in  the  fresh 
condition,  possess  the  appearance  of  naked  axis  cylinders. 

h,  A  second  kind  of  pale  nerve  fibre  found  in  the  salivary  glands  I  shall 
denominate  gelatinous  fibres.  They  consist  apparently  of  bands  of  finely 
granular  protoplasm,  lying  in  a  sheath  of  connective  tissue,  in  which  are 
nuclei,  and  presenting  exactly  the  same  appearance  and  behavior  as  the  pro- 
toplasm of  the  large  ganglionic  cells  of  the  glands.  Such  gelatinous  fibres 
may  be  observed  to  leave  the  ganglion  cells,  and  hence  are  unquestionably 
of  a  nervous  nature.  They  are  probably  composed  of  fasciculi  of  extremely 
fine  varicose  fibrilln,  which,  lying  in  close  apposition,  give  the  impression  of 
a  finely  granular,  somewhat  striated  protoplasm.  These  fibres  present  the 
same  appeai*ance  as  the  so-called  protoplasmic  processes  of  the  nerve  cells  of 
the  cerebro-spinaJ  organs. 

c.  A  third  kind  of  pale  fibre  is  composed  of  bundles  of  somewhat  tougher^ 
more  highly  reiractile,  very  fine  (0*0005  millimetre)  fibrils,  which  likewise 
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lie  in  a  tube  of  connective  tissue  containing  oval  nuclei.  These  are  liable 
to  all  the  objections  that  have  been  raised  on  various  sides  against  the  ner- 
vous nature  of  the  fibi^es  of  Remak. 

Tlie  meduUated  fibres,  which  are  present  in  extraordinary  numbers  in  all 
parts  of  the  salivary  glands,  and  of  all  sizes  down  to  those  of  only  0*0015 
millimetre  in  diameter,  present  a  seiies  of  very  remarkable  peculiarities.  In 
the  first  place  they  have  such  delicate  and  pliable  sheaths,  that  they  some- 
times appear  to  be  destitute  of  them.  In  accordance  with  this,  varicosities 
form  in  the  coarser  trunks,  as  in  the  fibres  of  the  brain  or  spinal  cord  (see 
Fig.  97),  where,  however,  they  become  still  larger,  and  form  more  easily 
than  amongst  these.  On  account  of  the  extraordinary  delicacy  of  the  sheath 
these  fibres  tear  with  remarkable  facility,  and  pour  forth  their  contents  in 
the  form  of  myelin  drops,  which  rapidly  become  stained  of  a  blue-black  color 
by  osmic  acid,  like  these  nerves  themselves. 

Fig.dT. 


Fig.  97.  The  preparation  was  takea  from  the  Bubmaxillai!^  gland  of  the  (H,  and 
was  blackened  with  perosmic  acid.    Magnified  590  diameters. 

A  second  peculiarity  of  the  medullated  glandulaf  nerves  is  exhibited  in 
their  mode  of  division,  the  division  occxirring  so  frequently  as  to  have  been 
Been  by  almost  all  observers.  According  to  my  own  observation,  the  num- 
ber of  divisions  increases  in  a  most  unusual  manner  towards  the  periphery^ 
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BO  that  almost  feathery  medullated  primitive  fibres  lie  between  the  alveoli, 
and  give  off  biunches  in  all  directions. 


Fig.  98. 


Fig.  99. 


Fiij.  fl8.  Frcjiiih  specimen.  From  the  Ox.  exMbiting-  a  medullnted 
nerve  which  penetratCB  the  membrana  propria.  The  axis  cv Under  di- 
vides into  branches  upon  the  menibrBiia  propria  to  form  the  subepithe- 
lial plexus.     Mollified  5tK)  diameters. 

Fig.  i'^K  From  the  Ox^  ihowLng  the  termination  of  one  of  the  tiiiekc«t 
ner^c  fibres  at  a  thick  ;saliTajy  tube  blackened  by  peroKmic  add.  Hag- 
nifitid  5U0  diameters. 


Fig.  tot. 


Fig.  100. 


Fig.  100.  Showing  an  axis  cylinder  breaking  np  into  fibrils  which  are  oontinuotiB  with 
the  fibrils  of  the  columnar  epithelium.     Ma^iified  590  diameters. 

Fig.  101.  From  the  Ox,  showing  medullated  and  in  part  varicose  nerves  blackened 
by  perosmic  acid,  which  branch  in  the  sub-epithelial  plexus,  and  one  of  which  (») 
can  be  distinctly  traced  into  the  processes  of  the  columnar  epithelial  cells.  The  pre- 
paration exhibits  a  marginal  portion  of  the  surface  of  a  salivary  tube.  Magnified  800 
diameters. 

If  we  now  proceed  to  the  consideration  of  the  terminal  organs  of  the  nerve 
fibres,  we  must  first  discuss  the  relations  these  bear  to  the  proper  tissue  of 


L 


Digitized  by 


Google 


DISTRIBUTION  OF  THE   NERVES   IN   THE   SALIVARY   GLANDS. 


303 


the  gland.  The  salivary  tubes,  with  which  we  shall  best  commence  our 
deflcription,  are  accompanied  by  numerous  bands  of  medullated  nerve  fibres. 
of  very  various  size.  Many  are  in  the  most  intimate  relation  with  the  tubes, 
as  is  shown  in  the  accompanying  figures.  In  one  instance  the  specimen  was 
fresh  (fig.  98),  in  another  it  was  stained  by  maceration  in  perosmic  acid 
(fig.  99). 

These  nerves,  as  seen  in  figs.  98  and  99,  perforate  the  membrana  propria, 
and  then  break  up  into  a  number  of  fibres,  which  become  finer  by  further 
subdivision,  and  wind  around  the  outside  of  the  columnar  epithelial  cells,  to 
form  a  sub-epithelial  plexus,  which  demands  still  closer  examination.  The 
fibrils  lying  on  the  membrana  propria  are  pale  and  soft,  and  give  the  impres- 
sion of  naked  axis  cylinders.  But  that  they  are  accompanied  for  some  dis- 
tance by  the  nerve  medulla  is  recognized  by  the  blackening  of  the  osmio 
acid  preparations  around  the  termination  of  the  thicker  primitive  fibres. 
The  axis  cylinders  running  on  the  membrana  propria  branch  ultimately  into 
the  finest  possible  varicose  fibrils,  which  have  precisely  the  same  characters 
as  the  fibrils  which  emerge  and  join  them  from  the  columnar  epithelial  cells. 
It  is  frequently  observable  that  the  last  ramifications  of  the  axis  cylinder  are 
continuous  with  these  fibrils ;  and  that  the  columnar  cells  thus  represent  the 
continuations  of  the  finer  and  the  finest  medullated  nerves  with  the  sub- 
epithelial plexus  is  frequently  capable  of  direct  proof,  as  appears  from  an 
examination  of  fig.  100.  We  may  even  succeed,  though  rarely  (fig.  102), 
in  effecting  the  complete  isolation  of  aU  parts,  and  in  thus  showing  the  con- 
tinuity of  the  medullated  nerves  with  the  processes  of  the  columnar  cells. 
It  may  thus  be  rendered  evident  that  these  fine  processes  are  in  direct  con- 
tinuity with  the  axis  cylinder,  ^rom  which  they  do  not  in  any  respect  differ. 

Fig.  102. 


Fig.  102.  From  the  Rabbit,  exhibiting  a  medullated  nerve,  becoming  continuous 
with  an  axis  cflinder  which  passes  directly  into  the  process  of  a  cylinder  cell,  and  di- 
rectly opens  into  the  oolnnmar  oelL     Magnified  590  diameters. 

At  the  same  time  it  may  be  remarked  that  the  axis  cylinder  of  the  afferent 
nerves  appears  to  be  thicker  than  the  fibrillar  processes  of  the  columnar 
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cells,  which  must  consequently  be  regarded  as  continuations  of  the  fibi*ill»  of 
the  axis  cylinder.  After  the  nerve  has  penetrated  the  membrana  propria 
of  the  salivary  tube,  the  axis  cylinder  either  immediately  terminates,  or 
does  so  after  it  has  first  run  for  some  distance  upon  the  membrana  propria ; 
in  the  latter  case  it  runs  between  this  and  the  fibrillar  processes  of  the 
columnar  epithelial  cells. 

When  we  consider  the  incredibly  lirge  supply  of  nervous  fibrils  that  lies 
beneath  the  membrana  propria,  the  question  of  the  object  of  this  abundance 
naturally  suggests  itself.  After  studying  with  greater  exactitude  the  laws 
of  the  growth  of  glandular  epithelium,  we  shall  find  that  a  completely  satis- 
factory solution  of  this  question  may  be  attained.  I  shall  treat  of  this  point, 
however,  at  a  later  period.  T  would  only  mention  here  that  numerous  young 
salivary  cells  develop  from  every  columnar  cell  with  its  fibrillar  processes, 
and  that  each  of  these  must  again  have  its  proper  nerves.  This  is  true  also 
in  the  case  of  the  adult  animal.  From  the  almost  imperceptibly  fine  fibrils 
of  the  columnar  cells  the  fibres  of  the  epithelium  cells  of  the  alveoli  proceed, 
which  we  shall  now  subject  to  a  careful  consideration. 

Two  kinds  of  nerve  termination  are  to  be  distinguished  in  the  alveoli : — 
I.  The  most  important  is  that  of  the  medullated  primitive  fibres.     These 

Fig.  108. 


Fitf.  103.  From  the  Ox.     An  alveolus  with  the  teifnunafcionfl  of  medullated  nerves 
which  have  been  blackened  by  perosmic  acid.     Magnified  590  diameters. 

branch  very  frequently  between  the  alveoli,  apply  themselves  to  the  mem- 
brana propria,  and  usually  give  off  at  the  point  where  they  penetrate  it 
several  branches,  which  run  for  some  distance  on  its  out«f  surface  to  the  near- 
est epithelial  cells,  in  order  to  penetrate  over  these  into  the  alveolus  (fig.  103). 
The  nerve  becomes  blackened  by  perosmic  acid  up  to  the  point  where  it 
perforates  the  membrana  propria;  at  this  point  the  medulla  appears  to 
cease  (figs.  104  and  107).  That  the  membrana  propria  is  perforated  is 
shown  in  the  most  striking  manner  by  the  circumstance  that  the  continuity 
of  the  medullated  and  frequently  very  thick  primitive  fibres  with  the  sali» 
vary  cells  may  often  be  easily  demonstrated.  1  have  Seen  this  occur  in  a 
great  variety  of  modes,  and  in  the  clearest  manner  in  the  salivary  glands  of 
the  ox  and  rabbit  (submaxillary  and  parotid  glands)  (figs.  107  and  108). 
In  completely  isolated  preparations  (figs.    106  and  108,  A  b)  it  may  bo 
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observed  that  the  white  substance  of  Schwann  ceases  as  though  suddenly 
cut  off  at  a  short  distance  from  the  salivary  cells,  and  that  the  nerve  appears 
as  if  adherent  to  the  soft  protoplasm  of  the  epithelial  cell. 
If  the   point  of  attachment  be  examined  with  very  high  magnifying 

Fig.  104. 


Fig.  104.  From  tbe  Babbit.     Medullated  fibie  blackened  by  perosmic  acid, 
nified  500  diameters. 

powers,  it  will  be  seen  that  immeasurably  fine  fibrils  proceed  from  the  nerve, 
which  pass  directly  and  without  interruption  into  the  fibrils  of  the  proto- 
plasm of  the  salivary  cells.  This  appearance  is  most  beautifully  presented 
if  the  medullated  fibre  be  deprived  of  its  medulla  by  pressure.  There  then 
remains  a  pale  fibre  composed  of  extraordinarily  fine  fibrils,  which  are 

Fig.  105. 


'^^m 


Fig.  105.  From  the  Babbit,  after  maceration  in  iodized  serum,  showing  the  termi- 
xmtion  of  a  medullated  nerve  in  an  alveolus.  From  the  submaxillary  gland.  Magni- 
fied 590  diameters. 

directly  continuous  with  the  fibrillated  substance  of  the  epithelial  cells. 
This  character  is  especially  important,  because  it  constitutes  a  clear  evi- 
dence of  the  absolute  continuity  and  fusion  of  the  axis  cylinder  and  epithe- 
lial celL  As  I  have  not  seen  any  fibres  blackened  by  perosmic  acid  upon 
the  membrana  propria,  though  both  the  blackening  and  the  medulla  may 
constantly  be  seen  extending  to  epithelial  ceUs  in  well-isolated  preparations, 
I  must  conclude  that  ordinarily  the  mode  of  termination  in  the  alveoli  is 
that  the  nerve  perforates  the  membrana  propria,  and  enters  directly  into  the 
superjacent  salivary  cells.  The  nerve  medulla  consequently  terminates  at 
the  cell.     That  point  of  the  salivary  cell  where  the  nerve  enters  is  marked 
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by  a  slight  increase  in  the  transparency  of  the  protoplasm,  and  this  portion 
occupies  a  segment  made  up  of  from  one-fourth  to  one-third  of  the  spherical 
volume  of  the  cell  (fig.  108).  I  have  not  seen  the  nucleus  in  this  segment, 
but  in  the  remaining  more  darkly  granular  portion.  The  nerve  tears  across 
with  remarkable  facility  at  the  point  of  its  insertion,  which  appears  to  be 
extremely  soft,  and  hence  leaves  no  trace  of  the  point  at  which  it  was 
attached  to  the  cell.     This  may  be  reasonably  attributed  to  the  fact  that 

Fig.  106. 


Fig.  106.  Termination  of  a  branching  fine  medallated  fibre  in  the  salivazy  cells  of 
an  alveolus.  From  the  submaxillary  gland  of  the  Ox,  the  nerve  blackened  by  peros- 
mic  acid.    Magnified  490  diameters. 

the  connection  is  only  effected  by  means  of  the  axis  cylinder,  which,  whilst 
it  is  continuous  with  the  semi-fluid  pi*otoplasm  of  the  cell,  undergoes  no 
sudden  interruption  at  this  point.  It  is  on  this  account  impossible,  with- 
out appropiiate,  though  necessarily  very  slight,  hardening  with  reagents,  to 

Fig.  107. 


Fig.  107.  Termination  of  a  meduUated  fibre  of  average  thickness  in  the  large  sali- 
vary cells  of  an  alveolus.  From  the  submaxillary  gland  of  the  Ox.  The  nerve  has 
been  blackened  by  perosmic  add.     Magnified  500  diameters. 

bring  into  view  the  isolated  fresh  salivary  cells,  with  their  associated  nerve 
fibres.  It  is  nofc  surprising  that  the  medullated  primitive  fibres  are  some- 
times very  fine,  sometimes  very  thick,  when  we  know  that  the  epithelial 
cells  gradually  increase  to  substantial  structures,  from  minute  nodules  ou 
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extremely  fine  axis-cylinder  fibrils.  With  their  increase  the  size  of  the 
nerve  also  augments ;  it  acquires  a  medulla,  and  becomes  progressively 
thicker.  It  is  this  circumstance  in  part,  and  partly  the  fact  already  men- 
tioned, that,  on  the  apptication  of  pressure  or  other  form  of  mechanical  vio- 
lence, the  medulla  separates  from  the  dark-edged  primitive  fibres,  whilst 
the  axis  cylinder  breaks  up  into  fibrils  penetrating  the  protoplasm  of  the 
salivary  cells,  that  forbids  us  any  longer  to  regard  the  latter  mode  of  nerve 
termination  as  peculiar. 

Fig.  108. 


Pig.  108.  Termination  of  medtdlated  fibies  treated  with  perosmic  acid  in  isolated 
saliyazy  cella  A,  thick  branched  fibres  difitiibuted  to  large  saUvaiy  oells  •  b,  fine 
neires  distributed  to  smaller  salivary  cells.  From  the  submaxillax^  glaad  of  the 
Babbit.    Magnified  590  diameters. 

Pig- 100. 


Pig.  109.    Multipolar  nerve  cell.    Prom  the  Babbit    Magnified  80  diamfeteMi 

Whether  this  holds  for  aU  pale  nerve  terminations  found  in  the  alveoli 
appears  to  me,  from  the  stand-point  obtained  in  the  physiological  experi* 
ment  demonstrating  that  two  kinds  of  nerves  exert  an  action  upon  the 
gland|  to  be  doubtfid,     There  may  in  particular  be  found  well-preserved 
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long  tubes,  apparently  composed  of  oonnective  tissue,  the  wall  beset  with 
nuclei,  continuous  with  the  membrana  propria  of  the  alveoli,  and  containing 
one  or  more  fine  fibrils,  that  are  lost  in  the  gland  vesicles.  They  rarely 
occur  in  comparison  with  the  medullated  fibres,  but  are  more  stable  on 
accotint  of  their  sheath,  so  that  they  alone  can  be  seen  in  some  of  the 
modes  of  preparation,  on  account  of  the  fluidity  of  the  medullated  fibres. 

II.  On  the  mode  op  Nerve  Termination  effected  by  Multipolar 
Cells. — I  have  elsewhere  described  small  pale  cells  (fig.  109)  possessing 
numerous  processes  adherent  to  the  alevoli,  and  for  the  most  part  smaller 
than  the  salivary  cells.  I  regard  these  as  nerve  cells,  and  consider  them 
as  entering  into  communication,  not  only  with  the  salivary  cells,  but  also 
with  the  nerve  fibres. 

All  later  inquirers  (Ki)lliker,  Boll,  Heidenhain)  have  with  remarkable 
unanimity  and  with  great  precision  described  these  multipolar  cells  as  in- 
difierent  structures  forming  a  reticulum^  and  properly  to  be  regarded  as 


Fig.  110. 


W 


Fig.  110,  A,  B.  Multipolar  celU  in  connection  with  salivary  oella  Magnified,  A, 
480,  B,  590  diameters. 

c.  Peculiar  cells  with  round  thick  prooesses,  and  containing  refractile  fat  par* 
tides.    Magnified  590  diameters. 

belonging  to  the  connective  tissue.  According  to  Eolliker  and  Boll,  these 
cells  constitute  the  membrana  propria,  which  I  have  already  described. 

The  above-named  inquirers  silently  assume  that  the  opinion  I  hold  of  the 
direct  continuity  of  these  multipolar  cells  with  the  glandular  epithelium,  by 
means  of  thick  and  anatomosing  fibres,  is  erroneous.  Boll  was  unable  to 
discover  these  communications,  but  refers  to  apparent  connections,  and  is  of 
opinion  that  the  multipolar  cells,  with  their  intercommunications,  in  some 
instances  closely  resemble  salivary  cells,  so  that  the  possibility  of  a  false  im- 
pression is  conceivable. 

But  as  I  am  satisfied  that  I  have  seen  the  connection  of  the  multipolar 
cells  with  salivary  cells,  I  hold  it  to  be  my  duty,  especiaUy  on  account  of  the 
importance  of  all  that  depends  upon  it,  to  prove  this  point  with  the  most 
rigorous  scientific  accuracy.  As  I  have  more  recently  on  many  occasions 
observed  such  connection,  I  may  remark  that  we  are  here  engaged  with  the 
examination  of  completely  isolatable  cells,  which  communicate  with  one 
another  by  means  of  a  thick  anastomosis,  and  the  two  points  of  attachment 
of  which  may  be  seen  in  perfect  profile  (fig.  110,  A  B  c).  One  of  these  cells 
is  pale,  striated,  with  many  radiating  processes,  and  with  the  body  almost 
entirely  filled  with  the  nucleus  (fig.  1 10,  b).  The  other  is  round  or  slightly 
polygonal,  with  abundant  granular  protoplasm  and  a  relatively  small  nucleus.  • 

As  the  observations  were  made  upon  rabbits,  the  fully  developed  salivary 
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cells  of  which  have  so  stereotyped  an  appearance,  I  regard  it  as  absolutely 
impossible  that  I  should  have  mistaken  any  other  cell  for  a  salivary  cell. 
Moreover,  I  have  actually  seen  the  connection  whilst  the  salivary  cells  in 
question  were  still  adherent  to  others,  and  forming  part  of  the  characteristic 
mosuc  (fig.  110,  A  and  c). 

It  follows  therefore  that  the  multipolar  cells  cannot  be  connective  tissue 
cells,  as  maintained  by  Kolliker,  Heidenhain,  and  Boll ;  for  the  true  sali- 
vary cell  is  an  enlargement  of  a  medullated  nerve.  It  cannot,  consequently, 
give  off  any  process  which  is  a  connective  tissue  fibre,  or  which  is  continu- 
ous with  connective  tissue  cells ;  for  between  animal  tissue  and  connective 
tissue  substance  there  cannot  be  any  continuity  of  substance. 

Inasmuch  as  I  am  now  satisfied  tiiat  the  multipolar  cells  are  continuous 
through  their  processes  with  nerve  fibres  (fig.  109),  it  follows  that  they  must 
either  be  modified  epithelial  cells  or  ganglion  cells.  Their  continuity  with 
nerve  fibres  does  not  decide  the  question,  since  the  salivary  cells  also  pre- 
sent this  character  under  the  most  various  modifications  in  common  with 
true  nerve  cells. 

There  consequently  remain,  as  means  for  determining  the  point,  only 
analogy  and  anatomi«J  structure.  To  whatever  degree  the  multipolar  cells 
may  difier  amongst  themselves  in  their  size  and  form,  and  in  the  characters 
of  the  nucleus  and  of  the  protoplasm,  as  indeed  was  observed  by  Boll,  they 
nevertheless  resemble  nerve  cells  more  closely  than  epithelium,  as  is  shown 
by  the  fact  that  small  ganglion  cells  have  been  admitted  to  occur  amongst 
them  by  various  observers,  as  by  Henle  and  Krause.  In  the  next  place,  in 
regard  to  the  great  variation  that  they  present,  it  is  important  to  remem- 
ber that  if  the  alveoli,  as  we  have  decisively  proved,  undergo  continuous 
regeneration  and  disintegration,  the  nervous  tissue  must  be  subject  to  similar 
metamorphoses.  The  nucleus  in  some  of  these  remarkable  cells  is  round, 
as  was  also  observed  by  Boll;  and  is  at  the  same  time  transparent, 
and  almost  entirely  fills  the  celL  This  peculiarity  is  presented  also  by 
other  peripheric  ganglia,  as  the  granules  of  the  rods  and  cones  of  the 
retina,  which  unquestionably  represent  bipolar  nerve  cells.  Moreover 
these  cells  exhibit  a  pale  striated  protoplasm,  the  fibres  of  which  may 
be  followed  into  the  similarly  striated,  and  in  parts  highly  refractile, 
cylindrical  processes.  Such  cells  consequently,  taken  as  a  whole,  exactly 
resemble,  and  would  be  held  by  all  to  constitute,  ganglion  cells. 

Besides  these,  we  find  other  cells  with  ellipsoidal  or  flat  nuclei,  which 
are  partly  round  and  partly  present  fiat  processes  and  membranous  cell  sub- 
stance, and  are  quite  transparent.  Finally,  there  are  still  others,  lying 
within  the  young  alveoli,  which  possess  granular  soft  protoplasm  in  sparing 
quantity,  contain  round  highly  refractile  nuclei,  and  possess  numerous 
cylindrical  highly  refractile  processes.  These  are  undoubtedly  in  an 
early  stage  of  development  (fig.  110,  o).  Even  if  these  cells  form  a  re- 
ticulum, this  furnishes  no  evidence  of  their  indifferent  nature,  since  all 
ganglion  cells  are  beyond  doubt  parts  of  the  great  network  of  animal 
tissue. 

Lastly,  even  if,  looking  at  the  great  variety  of  multipolar  cells,  it  be  ad- 
mitted that  we  are  here  dealing  with  cells  of  different  nature  and  attributes, 
it  still  appears  to  me  that  we  have  obtained  a  sufficient  answer  to  one  of 
the  above  alternatives,  and  that  the  multipolar  cells  must  be  regarded  as 
small  ganglion  cells. 

The  mode  of  termination  of  the  nerves  here  described  I  have  termed 
that  <'  effected  by  the  means  of  multipolar  cells,"  an  expression  which  is 
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only  in  accordance  with  fsicb,  and  to  which,  consequently,  no  objection  can 
be  raised. 

The  remarks  hitherto  made  upon  the  relation  of  the  nervous  system  to 
the  salivary  glands  refer  exclusively  to  the  submaxillary  gland. 

At  the  same  time  I  have  convinced  myself  that  the  alveoli  of  the  parotid 
gland  enter  into  relation  with  strong  medullated  nerves  in  the  same  manner 
as  has  been  just  described  in  the  case  of  the  submaxillary  gland.  The 
parotid,  moreover,  as  well  as  the  sublingual  gland,  possesses  salivary  tubes 
presenting  similar  structural  features.  Krause  has  demonstrated  the  pres- 
ence of  similar  multipolar  ceUs  in  the  parotid,  and  I  have  also  more  re- 
cently found  them  in  the  sublingual  gland.  If  we  take  into  consideration 
the  very  similar  structure  that  ia  thus  exhibited  by  these  glands,  and  the 
dependence  of  their  activity  upon  the  nervous  system,  we  can  scarcely  hesi- 
tate to  believe  that  a  complete  agreement  prevails  also  in  regard  to  the 
mode  of  termination  of  their  secretory  nerves. 

As  regards  the  sensory  elements  of  the  nervous  system,  W.  KLrause  *  has 
discovered  a  simple  kind  of  Pacinian  corpuscle,  to  which  he  has  given  the 
name  of  "  Terminal  Gland  Capsules."  In  the  majority  of  animals,  however, 
they  are  rarely  present. 

Pig.  111. 


Fig.  111.  Ganglionic  knot  from  the  submaxillaiy  gland  of  a  Babbit.    Magnified  480 

diameters. 

The  structure  of  the  larger  ganglia  which  are  found  in  the  course  of  the 
nerve  fibres  and  trunks  still  remains  to  be  considered.  The  ganglion  cells 
occur  partly  isolated  and  partly  in  gi'oups  which  accompany  the  nerve  cords 
for  a  considerable  distance,  or  form  roundish  knots  enclosed  by  a  dense  sheath 
of  connective  tissue.  These  knots  attain  the  size  of  0*060  millimetre  and 
more.  The  nerve  cells  lying  in  their  interior  (fig.  Ill)  have  a  diameter  of 
0*028  millimetre,  with  a  nucleus  of  the  diameter  of  0*012,  and  a  nucleolus  of 
0*002  millimetre  in  diameter. 

We  meet  also  with  much  smaller  ganglion  cells,  which  are  not  larger  than 
salivary  cells,  with  a  diameter  of  or  about  0*014  millimetre.  The  cells  ac- 
cumulated in  one  group  do  not  materially  differ  from  one  another  in  their 
general  magnitude.  The  ganglion  cells  include  a  spheroidal  or  oval,  trans- 
parent, delicate,  but  sharply  defined  nuclear  vesicle,  and  when  in  their  fresh 
state  their  protoplasm  is  very  delicate  and  confusedly  granular. 

In  the  smaller  forms  the  cell  contents  are  sometimes  rather  more  granular, 
but  the  nucleus  is  always  as  clear  as  water.  The  groups  are  constantly  in 
connection  with  afferent  and  efferent  nerve  fibres.     In  some  instances  a  sin- 

*  Zeitschriftfur  ratumeOe  Median^  Band  xx.,  p.  60,  1849. 
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gle  ganglion  cell  is  found  in  the  course  of  a  fibre  of  Kemak.  It  is  remarka- 
ble that  a  large  ganglion  cell  of  this  kind,  having  a  diameter  of  0*042  milli- 
metre (see  fig.  112),  may  contain  several  nucleoli ;  and  moreover,  at  the  point 
of  transition  into  the  nerve  fibre,  may  present  a  slight  deposit  of  protoplasm, 
with  several  ganglionic  nuclei ;  and  I  desire  especially  to  direct  the  attention 
of  observers  to  this  singular  form  of  ganglionic  substance.  The  relations  of 
the  ganglion  cells  of  the  gland  are  also  deserving  of  special  investigation, 
which  will  certainly  bear  on  the  physiological  point  of  whether  the  sympa- 
thetic is  distributed  exclusively  to  the  bloodvessels,  or  whether  it  does  not 
stand  in  intimate  relation  to  iJie  secreting  cells. 

Fig.  112. 


Fig.  112.  Solitary  ganglion  cell  with  a  deposit  of  nucleated  ganglionic  protoplasm. 
From  the  submazillaiy  gland  of  the  Babbit.    Magnified  480  diameters. 

§  5.  The  Begeneration  op  the  Glandular  Epithelium. — I  have  already 
called  attention,  in  my  work  on  "The  Termination  of  the  Secretory  Nerves 
in  the  Salivary  Glands,"  to  the  alveolar-like  small  projections  or  bud-like 
processes  of  the  so-caUed  excretory  ducts,  and  have  there  expressed  the  opin- 
ion that,  both  in  the  primary  embryonal  development  of  the  gland,  as  well 
as  in  the  adult,  new  salivary  cells  and  alveoli  develop  from  the  salivary  tubes. 
I  am  now  in  a  position  to  desci-ibe  the  process  with  accuracy. 

If  the  salivary  tubes  isolated  by  any  of  the  ordinary  modes,  or  sections  of 
them,  after  the  action  of  hardening  agents,  be  carefully  examined  for  the 
brush-like  processes  of  the  cylindri^  epithelial  cells,  it  is  easy  to  observe 
that  the  fibrils  in  various  salivary  tubules,  or  even  in  sepai*ate  sections  of  the 
same  tube,  may  present  a  very  difierent  appearance.  As  a  general  rule,  even 
with  the  highest  powers,  they  appear  as  immeasurably  fine  varicose  fibrils 
(fig.  96).  But  all  conceivable  intermediate  or  transitional  forms  may  be  met 
with,  up  to  moderately  thick  fibres  (0  001  millimetre)  (figs.  113  and  114). 
In  proportion  as  they  increase  in  size  they  lose  their  soft  pale  appearance, 
acquire  high  refractive  power,  which  begins  to  be  apparent  at  the  free  ex- 
tremity of  the  cylindrical  cells,  and  gradually  extends  towards  that  extrem- 
ity to  which  the  fibres  are  attached.  The  end  of  the  fibre  frequently  breaks 
up  into  several  filaments,  so  that  groups  of  branched  processes  appear  to  have 
budded  forth  from  the  columnar  cells,  which  often  form  thick  brushes,  the 
base  of  which  is  formed  by  the  small  columnar  cell.  In  the  next  place,  the 
free  extremity  of  these  fibres  is  enlarged  into  a  kind  of  head,  resembling  a 
small  club,  that  forms  a  minute  corpuscle  (fig.  114).  These  clavate  extrem- 
ities may  be  seen  to  increase  in  size  till  they  are  clearly  distinguishable  as 
ceU  nuclei,  surrounded  by  a  sparing  quantity  of  protoplasm.  This  process 
of  formation  of  nuclei  commences  from  infinitesimally  small  points  in  the 
fibre,  and  extends  towards  the  columnar  cells,  so  that  two,  three,  or  even 
very  many  may  originate  in  one  fibre.  The  small  clavate  extremities  grad- 
ually enlarge  to  form  salivary  cells,  and  after  a  time  it  is  not  diflBcult  to  find 
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such  epithelial  cells  constitutiiig  the  mosaic-work  of  the  alveoli,  and  directly 
continuous  with  the  columnar  cells  by  means  of  processes  (fig.  114,  e). 
Usually  the  processes  are  of  such  a  form  that  the  fibres  of  the  brush  attached 
to  the  columnar  cell  increase  in  size  as  they  recede  from  it,  and  develop  a 
very  delicate  protoplasm,  in  which  larger  or  smaller  nuclei  are  contained. 

Fig.  113. 


■J^-^ 


Fig.  118.  Cells.     From  the  eubmazillary  gland  of  the  Babbit,  after  maceration  in 
iodia^  serum.     Magnified  500  diameters. 


Fig.  114.  A,  B^  c,  D,  E,  isolated  cylindrical  cells  with  prooesses  containing  nndei 
A,  B,  D,  E,  magnified  590  diameters ;  c,  magnified  1,200  diameters.  F,  6,  H,  oylindii- 
cal  cells  with  processes,  which  are  evidently  young  cells,  and  form  at  6  a  beautifol 
mosaia     Magnified  1,100  diameters. 

Since  it  always  occurs  that  a  large  section  of  a  salivary  tube  is  implicated 
in  this  remai'kable  process  of  cell  formation,  and  since  the  most  active 
growth  takes  place  upon  the  membrana  propria,  the  wall  will  be  found  to  be 
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enormouslj  thickened  and  laminated,  with  primary  and  secondary  projec- 
tions, whilst  the  young  cells  enlarge  and  arrange  themselves  in  the  form  of 
a  mosaic.  But  coincidently  the  connective  tissue  projects  inwardly  into  the 
thick  wall,  separating  off  the  cells  into  alveolar-like  groups.  I  have  ob- 
served this  process  of  the  projection  of  alveoli  en  masse,  as  it  were,  from 
the  salivary  tubes  of  a  columnar  cell,  particularly  well  in  the  sublingual 
gland  of  the  rabbit.  The  degree  of  ripeness  which  the  various  cells  con- 
tained in  one  alveolus  exhibit  is  not  always  the  same ;  thus  it  is  customary  to 
meet  with  a  few  yoimg  cells  at  the  periphery  of  the  alveoli  in  mucous  glands 
(such  as  the  submaxillary  of  the  dog^  ox,  and  rabbit).  How  is  this  process 
of  new  formation  of  salivary  cells  to  be  explained  ?  They  are  formed  in  the 
processes  of  the  columnar  cells,  without  the  nucleus  being  in  any  way  impli- 
cated ;  for,  even  when  these  processes  contain  numerous  nuclei,  the  nucleus 
of  the  columnar  cell  still  appears  to  be  always  perfect,  spherical,  sharply  de- 
fined, and  without  a  trace  of  gemmation.  Even  with  the  highest  magnifying 
powers  I  have  never  observed  any  indications  that  a  filament  was  given  off 
from  the  nucleus  which  could  serve  as  a  point  of  origin  for  the  young  nuclei. 
A  few  processes  even  pass  over  th^  nucleus  through  the  columnar  cell,  and 
their  strias  run  parallel  to  its  axis  as  far  as  to  the  free  surface  directed  to- 
wards the  cavity  of  the  salivary  tube,  so  that  it  scarcely  appears  to  be 
possible  that  the  nucleus  originating  in  the  extremity  of  such  a  process  could 
be  derived  from  the  nucleus  of  the  cylinder  cell.  The  latter  is  almost  always 
single,  rarely  double.  Very  small  and  non-nucleated  columnar  cells,  pos- 
sessing processes  that  are  filled  with  small  nuclei,  are  also  sometimes  present 
(fig.  113).    As  as  on  this  ground  I  do  not  feel  myself  justified  in  attributing 

Fig.  115. 


Fig.  115.  Multiplication  of  nuclei  in  the  dilated  and  swollen  proceBsesof  the  co- 
lumnar cellB.  A,  formation  of  small  multipolar  ceUs ;  B  appears  to  be  a  dilated 
process  of  a  columnar  ceU.    Magnified  590  diameters. 

the  origin  of  the  new  nuclei  developing  in  the  processes  to  that  of  the  colum- 
nar cells,  we  must  admit  that  we  have  before  us  a  case  of  free  cell  foimation, 
if  under  this  term  we  understand  that  mode  of  cell  increase  in  which  the 
newly  developed  nucleus  originates  independently  in  a  cell,  and  is  not  a 
morphological  element  proceeding  from  a  division  of  a  previously  existing 
nucleus.  When  we  see  the  axis  cylinder  and  its  fibrils  to  be  directly  continu- 
ous with  the  fibrils  of  the  columnar  cells,  without  any  difference  being 
perceptible  between  the  axis  cylinder  and  the  fibrils  of  these  cells,  we  may 
legitimately  describe  the  nerve  as  extending  to  the  point  where  it  joins  the 
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substance  of  the  body  of  the  cell.  That  is  the  most  natural  explanation  that 
can  be  given.  This  explanation,  however,  possesses  the  greatest  significance 
in  regard  to  the  mode  of  development  of  the  glandular  epithelium,  because 
it  directly  follows  that  the  young  nuclei  originate  in  the  axis  cylinders,  and 
that  the  gland  cells  which  at  a  later  period  seem  to  constitute  a  thickening 
of  the  axis  cylinder  bud  forth,  as  it  were,  from  the  nerves.  This  explanation 
renders  it  intelligible  why  the  nuclei  of  the  columnar  cells  are  so  indifferent 
during  the  multiplication  of  the  epithelium.  In  opposition  to  this  view, 
which  I  regard  as  the  most  probable,  it  may  be  urged  that,  in  consequence 
of  the  intimate  fusion  of  nerve  substance  and  epithelium  at  the  periphery, 
no  sharp  limit  can  be  drawn,  showing  where  the  one  ceases  and  the  other 
begins ;  and  that,  moreover,  it  is  probable  that  imperceptibly  fine  processes 
are  given  off  by  the  nucleus  of  the  columnar  epithelial  cells,  which  become 
detached  at  an  early  period  by  fission.  That  ^e  nuclei  of  the  salivary  cells 
have  processes,  cannot,  however,  be  regarded  as  forming  a  valid  objection  to 
my  view,  since  the  young  nuclei  may  i-eally  be  thickenings  of  the  axis-cylin- 
der fibrils. 

I  may  further  adduce,  as  a  weighty  argument  in  favor  of  my  view,  that 
the  fibrils  of  the  axis  cylinder  do  not  terminate  at  the  surface  of  the  fully 
developed  salivry  cells,  but,  as  in  the  case  of  the  ganglion  cells,  may  be 
traced  into  their  very  substance. 

Now,  since  the  finest  axis  cylinders  and  fibrils  extend  to  the  columnar 
epithelial  cells,  and  are  connected  with  the  processes  that  are  in  course  of  de- 
velopment, and  since  portions  of  these  processes  subsequently  become  large 
salivary  cells,  connected  with  thick  medullated  nerve  fibres,  it  follows  that 
the  nerves  must  increase  coincidently  with  the  young  epithelium  to  which 
they  belong.  Amongst  these  metamorphoses  there  also  occurs  a  mode  of 
termination  of  the  medullated  nerves,  to  which  I  some  time  ago  called  at- 
tention, and  which  consists  in  the  nerve  suddenly  undergoing  frequent  di- 
vision, then  enlarging,  and  containing  finely  granular  protoplasm,  with  many 
nuclei  of  various  sizes.  I  have  named  this  mode  of  nerve  termination,  that 
by  a  "protoplasmic  foot."  If,  as  I  have  sometimes  observed,  many  of  the 
nuclei  appear  to  be  provided  with  fibres,  which  can  be  followed  into  the 
interior  of  the  nerve  fibres,  it  is  highly  suggestive  of  the  development  of 
the  gland  cells  from  the  nerves. 

In  regard  to  every  explanation  it  must  be  observed  that  transitional  forms 
may  occur,  respecting  which  it  is  impossible  to  say  whether  they  are  epi- 
thelial or  nervous.  The  continuous  and  luxuriant  neopl^tic  formation  tak- 
ing place  in  the  substance  of  the  salivary  ducts  presupposes  their  regenera- 
tion, respecting  which  I  have  formed  my  own  opinion,  but  have  arrived  at 
no  definite  conclusion.  In  like  manner  the  persistent  neoplastic  formation 
of  the  alveoli  in  adult  animals  determines  an  atrophic  detachment  of  those 
already  present.  In  Moles  I  have  sometimes  found  the  alveoli  with  pale 
offshoots  of  various  forms,  and  pale  finely  granular  contents,  which  may  be 
such  atrophied  and  separated  alveolar  segments. 

I  first  comprehended  the  complexity  of  all  forms  of  salivary  glands  when 
I  recognized  the  constant  production  and  disintegration  taking  place  in  them, 
which  is  referrible  to  the  nerve  substance. 

§  6.  Thk  Morpholooical  Constituents  of  the  Saliva. — Healthy  saliva 
contains  no  morphological  elements,  but  forms  a  transparent  perfectly  homo- 
geneous fluid.  But  when  the  mucous  membrane  is  irritated,  either  by 
ligature  of  the  excretory  duct,  or  by  the  introduction  of  a  canula  into  its  in- 
terior, we  obtain  isolated  morphological  elements,  which  are  continuously 
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developed  by  a  kind  of  catarrhal  condition  and  exudation.  The  appearance 
of  these  has  led  some  observers  to  the  belief  that  normal  saliva  contains 
formed  elements,  and  continiially  carries  off  glandular  epithelium.  As  re- 
cent investigations  have  been  in  direct  contradiction  to  these  statements,  I 
may  perhaps  be  allowed  briefly  to  state  the  grounds  on  which  my  opinions 
are  based.  When,  in  a  dog,  the  duct  of  Wharton  and  the  nerves  supplying  the 
snbmasillary  gland  have  been  exposed,  isolated,  and  divided,  a  watery  saliva 
flows  from  the  duct,  as  transparent  as  a  dewdrop.  The  secretion  found  in 
the  duct  is  also  clear.  If  a  canula  be  now  introduced,  and  firmly  tied  in, 
and  the  nerves  be  irritated,  the  fluid  immediately  becomes  cloudy;  but 
when  a  few  drops  have  been  discharged,  it  again  resumes  its  transparency. 
The  first  drops  discharged  on  irritating  the  nerves,  after  the  introduction  of 
the  canula,  are  those  which  were  already  in  the  duct,  and  were  originally 
transparent,  but  have  become  cloudy  whilst  still  in  its  interior,  for  the  clear 
secretion  extracted  from  the  freshly  excised  ducts  remains  clear  when  exposed 
to  the  air.  Contact  with  the  wall  of  the  duct  has  consequently  rendei*ed  the 
secretion  cloudy.  If  we  examine  the  first  drops  microscopically,  we  shall 
find  they  contain  isolated  cells  and  groups  of  epithelial  cells  with  nuclei, 
unquestionable  modulated  nerve  fibres,  connective  tissue,  etc. ;  in  a  word, 
constituents  which  have  been  detached  from  the  mucous  membrane  of  the 
duct  by  the  canula,  and  which  there  is  no  object  in  describing  further.  As 
soon  as  a  stronger  salivary  current  is  induced  by  excitation  of  the  chorda 
tympani,  these  detached  elements  are  completely  washed  away,  the  fluid 
again  becomes  quite  clear,  and  no  longer  contains  any  morphological  ele- 
ments. After  a  short  time,  however,  they  reappear  in  sparing  number  as 
the  so-called  salivary  corpuscles,  that  is  to  say,  as  small,  finely  granular,  nu- 
cleated cells,  presenting  in  some  instances  amoeboid  movements,  whilst  the 
fluid  is  rendered  cloudy  by  the  presence  of  fine  granules.  These  bodies, 
however,  it  may  be  easily  idiown,  always  proceed  from  the  wall  of  the  ex 
traordinary  duct  after  it  has  l|^ome  affected  with  catan*hal  inflammation, 
and  not  from  the  gland ;  for  if  the  nerves  are  irritated  sufficiently  long  to 
cause  a  flow  of  perfectly  dear  saliva  from  the  india-rubber  tube  of  the 
canula,  and  the  excitation  be  then  interrupted  for  ten  minutes,  and,  before 
it  is  recommenced,  the  saliva  stagnating  in  the  caoutchouc  tube  from  the 
previous  irritation  be  pressed  out,  it  will  be  found,  when  collected,  to  be  as 
clear  as  before.  If  the  excitation  be  now  reapplied,  we  obtain,  since  the 
canula  is  of  very  small  diameter,  for  the  first  three  or  four  drops,  that  which 
has  collected  in  the  excretory  ducts  from  the  previous  irritation.  These 
three  drops  are  quite  cloudy  from  exudation  and  detached  cells,  but  are  fol- 
lowed immediately  by  saliva  aa  clear  as  water ;  that  is  to  say,  as  soon  as 
the  exudation  has  been  washed  out  of  the  duct.  I  have  estimated  the  capa- 
city of  the  duct  from  the  canula  to  the  gland,  and  am  of  opinion  that  it  will 
contain  about  three  drops.  The  quantity  is  certainly  very  much  smaller 
than  the  total  secretion  which,  in  the  period  before  the  renewed  excitation, 
stagnated  in  the  very  numerous  and,  in  some  instances,  very  wide  ducts. 
Thus  it  appears  that  the  originally  clear  saliva  contained  in  the  duct  has 
become  cloudy,  and  obviously  in  consequence  of  a  pathological  process  ;  for, 
if  a  freshly  exposed  duct  be  emptied  of  its  contents,  even  if  the  dog  have 
previously  discharged  no  saliva,  the  secretion  obtained  on  section  is  clear. 

The  saUva  caused  to  flow  by  irritation  of  the  sympathetic  nerve  contains 
a  large  number  of  spheroidal  particles  of  mucus,  together  with  morphologi- 
cal elements  of  a  less  clearly  definable  nature,  but  representing  products  of 
disintegration.  Heidenhain,  however,  was  frequently  unable  to  discover 
any  morphological  elements.    As  this  kind  of  saliva  can  only  be  obtained 
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in  small  quantity,  the  exudate  that  is  pottred  forth  may  perhaps  never  be 
completely  washed  out  and  evacuated,  and  as  only  a  small  quantity  of 
saliva  appears  at  long  intervals,  the  fluid  essentially  consists  of  this.  Hei- 
denhain  has  shown  that  when  the  excitation  is  long  maintained  it  becomes 
clearer.  The  relations  of  the  sympathetic  nerve  to  the  salivary  glands  are, 
however,  involved  in  much  obscurity. 

From  what  has  now  been  adduced,  it  will  be  seen  tliat  further  obser- 
vations are  required  before  it  can  be  admitted  that  the  saliva  naturally  con- 
tains formed  elements. 

§  7.  Op  the  Alteration  op  Structure  in  the  Glands  caused  by 
THE  Performance  op  their  Functions. — ^When  the  salivary  glands  have 
been  long  in  action,  they  become  lighter,  softer,  paler  in  appearance,  and 
both  absolutely  and  relatively  poorer  in  solid  constituents.  After  being 
long  at  rest  the  inverse  changes  occur,  and  they  assume  a  yellower  color. 
This  last  I  believe  to  be  occasioned  by  the  accumulation  of  numerous  mole- 
cules in  the  salivary  cells.  The  gland  becomes  '^  charged.''  Heidenhain  has 
recently  expressed  the  opinion,  that  in  some  animals  (Camivoraand  Herbivora) 
the  secretion  is  accompanied  by  the  disintegration  of  a  certain  proportion 
of  salivary  cells,  the  place  of  which  is  supplied  by  a  new  generation  devel- 
oped at  the  periphery  of  the  alveoli.  In  labbits,  the  secretion  of  saliva  in 
the  submaxillary  gland  is  effected,  according  to  Heidenhain,  exceptionally 
without  demonstrable  diaintegnUum  and  neoplastic  cdl  formation. 
•  The  important  and  novel  principle  in  respcn^t  to  the  action  of  the  nerves, 
eistablished  by  the  observer  just  mentioned,  cannot  be  here  passed  over  in 
silence.  J  have  placed  an  investigation  into  the  accuracy  of  his  statements 
ilito  the  hands  of  my  pupil,  Herr  Anton  Ewald,  of  Berlin,  who  has  been 
for  some  time  engaged  under  my  superintendence  with  the  structural  changes 
induced  by  excitation  of  these  glands,  and  has  pursued  precisely  the  same 
method  as  that  adopted  by  Heidenhain.  After  one  submaxillary  gland  had 
been  excited  for  a  considerable  period  (as  long  as  for  seven  hours)  whilst 
the  other  had  been  kept  at  perfect  rest,  both  were  removed  from  the  living 
animal,  and  from  these  thin  sections  were  made  with  a  razor,  which  were 
immediately  thrown  into  a  large  quantity  of  absolute  alcohol.  By  this 
means  we  avoided,  as  far  as  possible,  in  the  unexcited  gland,  wluch  is 
charged  with  mucus-forming  substance  ('^mucigen ''),  the  production  of  any 
material  structural  alteration  through  the  post-mortem  formation  of  mucous 
vesicles  in  the  alveoli,  consequent  upon  displacement  of  cells  and  proto- 
plasm. This  precautionary  measure  was  not  unnecessary ;  for  in  the  gland, 
which  has  been  for  a  long  time  actively  discharging  its  function,  no  more 
*^  mucigen  "  is  contained,  and  therefore,  in  this  case,  no  alteration  of  struc- 
ture can  occur  from  the  formation  after  death  of  mucous  vesicles. 

When  both  glands  had  been  hardened  for  an  equal  time  in  alcohol,  very 
fine  sections  were  prepared,  macerated  for  the  same  period  in  the  solution 
of  carmine  in  glycerine,  employed  by  Heidenhain,  and  finally,  after  the 
most  careful  washing,  examined  in  glycerine.  It  is  obviously  a  matter  of 
great  importance  that  the  sections  Sbould  be  made  as  fine  as  possible,  and 
all  those  that  are  thicker  than  the  diameter  of  a  salivary  cell  should  be 
rejected.  If  the  cell  mosaic  lining  the  interior  of  the  alveoli  of  the  quies- 
cent gland  be  examined,  we  find  for  the  most  part  a  single  layer  of  shimpiy 
defined  transparent  polygonal  cells  flattened  by  mutual  pressure,  which, 
however,  are  not  perfectly  hyaline,  but  exhibit  a  delicate  st/riatioUy  as  though 
a  perfectly  transparent  substance  were  traversed  by  numerous  extremely  fine 
pale  fibrils.     These  salivary  cells,  whioh,  on  account  of  their  contents  con- 
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astiiig  in  the  Dog  chiefly  of  mucus,  with  but  little  albumen,  Heidenhain 
has  termed  ^*  mucous  cells,''  are  more  or  less,  though  in  general  but  slightly, 
tinted  with  carmine.  When  the  staining  is  more  strongly  marked,  the  cells 
contain  albumen.  A  structure,  which  is  probably  the  nucleus  of  the  mu- 
cous cell,  lies  together  with  a  little  protoplasm  at  the  periphery  of  the 
alveolus,  and  resembles  the  process  of  the  cell  in  being  stained  of  a  deep  red 
color.  Inasmuch  as  all  the  processes,  together  with  the  nuclei  and  the  pro- 
toplasm, are  situated  at  the  periphery  of  ^e  alveolus,  a  broad  red  zone  is  here 
frequently  formed.  Here  and  Uiere  one  or  more  salivary  cells  appear  more 
or  less  deeply  tinged  with  carmine.  These  cells  are  named  by  Heidenhain 
the  ^'  crescent."  He  regards  them  as  the  earlier  stages  of  development  of 
the  cells  which  gradually  become  *' mucous  cells,''  which,  I  think,  is  not 
improbable.  He  silently  acquiesces  in  the  view  I  have  stated  above,  that  all 
salivary  cells  do  not  behiEtve  in  the  same  manner  with  reagents,  a  difference 
that  I  am  disposed  to  attribute  to  their  various  grades  of  development. 

If  we  now  consider  the  ezdted  gland,  the  differences  which  present  them- 
selves are,  that  M  the  cdls  are  stained  with  oovrmine^  though  perhaps  only 
slightly,  some  being  more  strongly  tinted  than  others — the  staining,  how- 
ever, independently  of  the  protoplasm,  being,  on  the  whole,  less  marked 
than  in  the  quiescent  gland ;  that  no  evidences  of  nvultiplioatum  bf/Jieeion  of 
the  young  ceUs  at  the  peripheiy  of  the  alveoli  are  visible,  in  corroboration 
of  which  I  may  refer  to  Plate  i.,  figs.  84  and  85  of  Heidenhain's  Essay ; 
that  all  the  coniov/r  lines  are  remarkably  pale  and  softened  off,  especially 
those  separating  the  alveoli  and  the  salivary  cells,  which  are  no  longer  de- 
fined by  thick  lines  /  that  the  nucleus  is  less  reddened,  more  delicately/  con- 
tourfid,  larger  J  and,  generally  speaking,  spheroidal.  The  effects  of  the  ex- 
citation consequently  are,  that  instead  of  cells  not  becoming  stained  with  car- 
mtii«,  with  round  nuclei  shrinking  in  alcohol,  and  becoming  intensely  stained 
with  carmine,  we  obtain  cells  reddening  with  carmine,  containing  nuclei  which 
undergo  no  shriveUing  in  alcohol,  and  are  less  deeply  stained  with  carmine. 

Heidenhaui  draws  the  conclusion  from  these  facts,  that  the  first  form  are 
disintegrated  in  the  act  of  secretion,  whilst  the  second  are  newly  develo|>ed. 

There  still  remains  the  possibUity  that  the  ^*  mucous  cells,"  in  con- 
sequence of  their  persistent  activity,  have  undergone  an  essential  alteration 
in  their  chemical  constitution,  to  which  the  differences  in  their  appearance 
are  attributable,  according  to  whether  they  have  been  at  rest  or  long  in 
action.  I  cannot,  however,  deny  that  the  completely  different  appearances 
(see  fig.  115)  presented,  strongly  support  Heidenhain's  opinion. 

Heidenhain  lastly  adduces,  in  support  of  his  opinion,  the  circumstance 
that  he  was  able  to  isolate  a  larger  number  of  cells  undergoing  fission  from 
the  excited  gland,  after  maceration  in  iodized  serum,  Uian  in  that  which 
has  been  kept  at  rest.  The  epithelial  cells  of  the  salivary  glands  of  the  dog 
are  generally  isolated  with  di&culty.  The  isolation  of  Uie  younger  cells  in 
the  excited  gland  may  perhaps  be  &cilitated  by  this  very  excitation  render- 
ing them  looser,  softer,  and  more  watery,  as  Heidenhain  himself  remarks. 
May  not  also  the  continuous  streaming  of  saliva^  lich  in  the  corroding  car- 
bonate of  soda,  favor  their  isolation  ?  It  is  further  noticeable  that,  accord- 
ing to  Heidenhain,  these  young  cells,  after  long  maceration,  become  isolated 
sooner  than  other  kinds  of  epithelia,  showing  that,  under  fiivorable  circum- 
stances, they  are  formed  earlier  or  in  lai^r  numbers.  I  must  further 
observe,  that,  in  accordance  with  my  experience,  I  can  demonstrate  in  every 
quiescent  salivary  gland  thousands  of  epithelial  cells  in  the  act  of  multi- 
plication. The  sublingual  gland  of  the  rabbit  is  particularly  well  adapted 
for  this  purpose,  offering  the  additional  advantage  that,  like  the  submax- 
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illary  gland  of  the  dog,  it  exhibits  large  and  beautiful  mucous  cells  and 
semi-lunar  bodies.  In  any  such  gland,  thousands  of  joung  epithelial  cells, 
developing  by  the  process  of  gemmation,  may  be  discovered.  I  hold  a  grad- 
ual process  of  disint^pration  of  the  alveoli  to  be  highly  probable,  on  the 
ground  of  that  regeneration  of  salivary  cells  which  I  discovered  to  proceed 
&om  the  cylinder  cells  of  the  excretory  ducts.  The  question  as  to  how  far 
the  nervous  system  exerts  a  primary  or  a  secondary  influence  on  this  vege- 
tative process  still  demands  further  investigation. 

§  8.  The  Stboha  of  the  Salivary  Gland. — The  connective  tissue  con- 
sists partly  of  membranes,  partly  of  fasciculi  of  fibres,  which  form  a  porous 
network  traversing  the  whole  organ,  and  are  commingled  with  a  larger  or 
smaller  number  of  elastic  fibres,  that  are  often  developed  to  a  very  large 
extent.  The  nuclear  structures  are  not  in  general  readily  demonstrable,  but 
when  present,  appear  as  small  oval,  sharply  defined,  h^hly  refractile  cor- 
puscles. In  some  places,  finely  granular  nucleated  cells  are  found,  with 
thick  pix>cesses,  which  must,  in  all  probability,  be  also  regarded  as 
amongst  the  cellular  elements  of  the  connective  tissues.  As  we  have 
already  mentioned,  pale,  flattened  connective  tissue  cells  form,  according  to 
Boll  and  Kolliker,  a  reticulum  around  the  alveoli. 

In  regard  to  the  presence  of  the  muscular  fibres  that  Schliiter  states  he 
has  seen  in  the  stroma,  I  beg  to  observe  that  I  have  recently  directed 
my  especial  attention  to  the  determination  of  this  point,  which  on  physi- 
ological grounds  is  of  great  importance ;  and  that  in  sections  of  the  gland 
which  had  been  stained  with  carmine,  hardened  in  alcohol,  and  examined 
in  glycerine,  I  have  been  able  to  satisfy  myself  of  the  presence  of,  in  some 
instances  solitary,  in  others  of  fasciculi  of  smooth,  fuuform  muscular  fibre 
cells,  with  elongated  rod-like  nuclei,  that  certainly  could  not  be  regarded  as 
constituents  of  the  vessels,  and  must  confer  some,  though  perhaps  only 
slight,  contractility  on  the  stroma. 

The  connective  tissue  stroma  intervening  between  the  alveoli  attached  to 
a  single  excretory  duct  is  exceedingly  smidl  in  quantity,  so  that  the  alve- 
oli lie  closely  compressed  and  flattened  against  one  another.  The  several 
grape-like  masses  of  glandular  substance  belonging  to  different  small  excre- 
tory ducts  are  separated  from  one  another  by  broader  bands  of  coimective 
tissue,  in  which,  when  the  animals  are  fat,  fat  cells  are  seen,  resulting  from 
the  conversion  of  connective  tissue  oeUs,  so  that  treatment  with  perosmic 
acid  brings  into  view  a  delicate  marbling,  formed  of  black  lines,  in  every 
fresh  section  of  a  gland.  Where  the  secondary  and  tertiary  groups  of 
grape-like  glands  belonging  to  a  larger  excretory  duct  are  united  into  a 
compact  mass,  numerous  lobules  are  formed,  visible  with  the  naked  eye, 
and  divided  from  one  another  by  fissures.  The  walls  of  these  fissures  are 
composed  of  connective  tissue  fibres,  and  I  have  observed  them  to  be  lined 
by  an  indistinct  endothelium.  Nevertheless,  I  have,  up  to  the  present 
time,  found  no  functional  peculiarity  connected  with  these  structural  fea- 
tures. I  do  not  in  the  least  doubt  that  the  fissures  belong  to  the  lymphatic 
system,  as  Gianuzzi  maintains.  Nothing  definite  is  known  in  rega^  to  the 
anatomy  of  the  bloodvessels,  which  stand  in  such  a  remarkable  relation  of 
dependency  to  the  nervous  system,  nor  yet  in  regard  to  the  lymphatic  ves- 
sels. The  capillaries  wind  around  them  in  close  contact  to  the  membrana 
propria,  forming  a  very  close  plexus,  derived  from  different  quarters,  and 
show  no  points  of  difference  from  the  ordinary  arrangement. 

§  9.  Mode  of  Investigation. — If  it  be  desired  to  obtain  a  general  view 
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of  the  arrangement  of  the  alveoli,  excretory  ducts,  cells,  and  stroma,  fine 
sections  should  be  made  of  hardened  glands.  The  hardening  is  best  effected 
by  placing  thin  portions,  whilst  still  warm  from  the  body,  in  absolute  alcohol. 
Fine  sections  can  then  be  made,  tinted  as  usual  with  carmine,  and  exam- 
Fig.  116. 


Fig.  116.     Quiescent  gland. 
Fig.  117. 


Fi^.  117.    Exhausted  gland  from  the  Dog,  after  Heidenhaixt. 
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ined  in  glycerine.  In  order  to  study  the  finer  structural  relations,  every 
method  of  hardening  must  be  avoided.  Sections  made  with  very  sharp 
knives  of  the  perfectly  fresh  gland,  can  be  examined  in  iodized  serum,  or  in 
chromic  acid  containing  from  25  to  50  per  cent.,  to  which  a  little  iodized 
serum  has  been  added.  When  thin  sections,  thus  made,  are  carefully  broken 
up  with  needles,  isolated  alveoli  may  be  obtained,  with  salivary  tubes,  epi- 
thelial cells  with  nerve  terminations,  and  the  like.  The  isolation  of  the 
epithelial  cells  is  best  effected  by  the  application  of  iodized  serum,  in  which 
the  gland  has  been  allowed  to  macerate  for  from  four  to  six  days,  or  still 
better,  by  treatment  with  iodized  serum,  subsequent  to  maceration  in 
chromic  acid  of  one-half  per  cent.  The  chromic  acid  macerates  the  glands 
most  advantageously,  if  one  or  two  glands  have  previously  been  lying  in  it 
for  one  or  two  days.  When  quite  freshly  applied,  the  volume  of  this 
reagent  should  not  exceed  from  two  to  four  times  the  volume  of  that  of  the 
gland.  Another  method  of  isolating  the  elementary  constituents,  especially 
of  the  glands  in  the  rabbit,  consists  in  placing  the  latter  in  a  small  test 
tube,  and  adding  from  four  to  eight  drops  of  solution  of  chromic  acid,  con- 
taining one -fiftieth  per  cent.  After  the  course  of  an  hour,  when  the  organ 
appears  hardened  and  translucent  by  imbibition,  fine  sections  may  be  pre- 
pared and  broken  up  by  fine  needles  in  the  same  solution.  Solution  of 
caustic  alkali,  containing  33  per  cent.,  is  also  well  adapted  for  the  isolation 
of  the  elementary  parts.  As  soon  as  the  gland  has  become  brown,  which 
occurs  in  a  quarter  or  half  an  hour,  the  tissue  can  be  easily  broken  up. 
The  liquid  in  which  the  preparation  is  examined,  it  is  obvious,  must  not 
be  water,  but  always  the  same  solution  of  alkali.  A  method  especially 
adapted  for  the  demonstration  of  the  mode  of  nerve  termination  is  that 
introduced  by  Max  Schultze,  which  consists  in  laying  the  fresh  gland  in 
perosmic  acid,  and  thus  staining  the  medullated  nerves  of  a  dense  black 
color,  causing  them  to  resemble  tubes  injected  with  ink,  whilst  the  epithe- 
lial cells,  examined  in  thin  layers,  are  scarcely,  if  at  all,  colored.  The  sali- 
vary tubes  only  assimie  a  brownish  tint. 
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CHAPTER   XV. 

STRUCrrCRE   AND   DEVELOPMENT  OF   THE   TEETH, 

By  W.  WALDEYER. 

Hardened  structures  of  the  animal  organism,  similar  to  those  which  are 
called  teeth,  though  certainly  presenting  very  various  histological  structure, 
are  found  widely  distributed  both  amongst  the  vertebrate  and  the  inverte- 
brate series. 

With  the  exception  of  the  larval  foim  of  Petromyzon  ( AmmocoBtes)  ;  of 
Amphioxus,  Accipenser,  and  the  Lophobranchii-  (Cuvier),  amongst  Fishes  ; 
of  some  Toads  (Pipa),  amongst  Amphibia ;  of  the  Chelonia,  amongst  Rep- 
tiles ;  of  the  entire  class  of  Birds ;  and  of  the  Myrmecophaga,  Manis,  and 
Echidna,  amongst' the  Mammals,  all  vertebrate  animals  possess  teeth.  In 
the  whalebone  Wimle  tliey  are  present  in  the  foetal  state. 

The  anatomical  model  of  a  tooth  of  a  vei-tebrate  animal  is  a  large  papilla 
of  the  mouth  or  of  the  pharyngeal  mucous  membrane,  which,  in  consequence 
of  chemical  and'  histological  conversion  of  its  constituents,  has  acquired 
a  remarkable  degree  of  hardness.  And,  according  to  whether  the  connec- 
tive tissue  substance  of  the  papilla  participates  in  the  hardening  or  not,  two 
large  groups  of  teeth  are  distinguished — clentinal  teeth  and  homy  teeth. 

The  homy  teeth  are  by  far  the  most  simple  in  their  stiTicture.  They 
appear  as  more  or  less  developed  papillae  covered  with  a  thick  homy  invest- 
ment. They  are  never  continuous  with  portions  of  the  skeleton,  but  con- 
stitute the  transition  to  other  homy  formations,  as  hairs,  stings,  etc.  True 
homy  teeth  are  met  with  in  the  Petromyzidse,  the  Myxinoids,  and  in  Orni- 
thorhyncus. The  whalebone  of  many  whales,  and  the  homy  masticating 
plates  of  Rhytina  Stelleri,  though  remarkably  complex  structures,  yet  clearly 
belong  to  the  same  series  of  formations. 

In  the  dentinal  teeth  the  connective  tissue  matrix  of  the  papilla  plays  a 
moBt  impoi-tant  part  in  the  hardening  process,  which  here  proceeds  in  a 
manner  precisely  similar  to  the  ossifying  process,  except  that  no  ti-ue  bone 
is  formed,  but  only  an  allied  substance  of  much  harder  consistence,  and  dif- 
fering more  or  less  in  histological  structure,  termed  dentine.  The  epithe- 
lium of  the  tooth  papilla  either  atrx^hies  to  a  rudimentary  horny  investment, 
the  ciUicida  (membrane  of  the  enamel),  or  it  becomes  elongated  in  a  remark- 
able manner  into  long  petrified  prisms,  which  collectively  invest  the  dentine, 
and  are  known  as  the  enarnel.  In  addition  to  these  thei*e  is  found  an  acces- 
sory structure,  the  cement,  a  true  bony  substance,  which  especially  invests 
the  fangs  of  the  teeth.  Dentinal  teeth  are  constantly  attached  to  the  parts 
of  the  skeleton  surrounding  the  mouth  and  pharynx,  and  for  the  most  part 
to  the  lower  jaw. 

From  the  simple  arrangement  of  the  three  chief  oonstitaents  of  the  teeth,  as  they 
oocor  in  man,  for  example,  there  are  manifold  and  oomplex  variationa  Amongst 
these  may  be  enumerated  in  iMuticiilar  the  so-called  folded  enamel  teeth  of  Rodentaa^ 
Solipedes,  and  others,  and  the  compound  teeth  of  many  fishes  and  foasil  reptiles  (Laby- 
xinthodon),  of  the  elophant^  eta  The  ^^  folded  enamel"  teeth,  dentea  oompUcati,  are 
21 
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formed  on  the  type  of  a  simple  tooth.  The  dentine  of  the  orown  is,  however,  folded 
like  a  ruff,  and  the  enamel  and  cement  dip  in  to  form  a  oovering  to  the  surface  of  aU 
the  sinuosities.  Of  the  dentes  compositi  two  principal  forms  can  be  distinguished.  In 
one,  a  common  stem  or  trunk  is  present,  which  gives  off  a  number  of  separate  toothlets 
(Gaieopithecus,  Labyrinthodon),  wMLst  in  the  second  a  common  tooth  pulp  is  absent, 
and  instead  we  find,  as  in  many  fishes  and  Oiycteropus,  numerous  independent  toothlets 
proceeding  from  the  jaw,  and  united  to  form  a  common  tooth.     The  pulp  of  the  teeth 

Fig.  118. 


Fig.  118.  Premolar  tooth  of  the  Cat,  in  situ.  Vertical  section,  magnified  15 
diameters.  1.  Enamel  with  decussating  and  parallel  strisQ.  2.  Dentine  with 
Sohreger'8  lines.  3.  Cement.  4.  Periosteum  of  the  alve(duB.  5.  Inferior  max- 
illary  bone. 

of  the  Labyrinthodonts  is  therefore  comparable  to  the  compound  filiform  papill®  of 
the  tongue ;  whilst  the  true  compound  teeth  of  the  second  class  bear  the  same  relation 
to  simple  teeth  that  the  hoof  does  to  hair.  The  several  back  teeth  of  the  Elephant 
have  the  characters  of  the  first  kind ;  each  separate  tooth,  however,  presents  folding 
of  the  enamel,  so  that  a  highly  complex  structure  results. 

On  the  other  hand,  the  structure  of  a  tooth  may  be  simplified  by  the  absence  of  one 
or  two  of  the  above-mentioned  dentinal  tiasues,  especially  the  enamel,  or  the  enamel 
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and  oement.  Thtis  the  taaks  of  tihe  Elephant  and  the  teeth  of  the  Edentata  have  no 
enamel ;  and  again,  in  the  case  of  the  Bodents,  the  masticating  eurf aoe  of  their  in- 
dsor  teeth  has  no  enamel.  According  to  Owen  (34),  the  pharyngeal  teeth  of  Labrus 
we  composed  of  ordinaiy  dentine  alone.  Amongst  Fishes,  as,  for  example,  in  the  I^e, 
a  common  arrangement  is  the  combination  of  a  central  mass  of  vascular  dentine  (vaso- 
dentine,  Owen),  with  a  thin  cap  of  ordinary  dentine,  which  in  the  most  external  layers 
is  homogeneous,  and  veiy  hard  (yitro-dentine,  Owen,  84).     Compare  fig.  120. 

Dentine  (Substantia  Ebumea,  Ebur). — Dentine  forms  a  yellowish-white, 
highly  elastic,  but  friable  mass,  presenting  a  finely  fibrous,  peculiarly  lus- 
trous fracture,  and  is  one  of  the  hardest  constituents  of  the  animal  body. 
Its  chief  components  ai-e  a  very  firm  matrix,  analogous  to  compact  bony  tis- 

Fig.  119. 


—^   *CJ      I 


Fig.  119.  Canine  tooth  of  Man,  presenting  a  portion  of  the  transverse  section  of  the 
loot.  1.  Cement  with  large  lacun»  and  parallel  striae.  2.  Interglobular  substance. 
3.  Dentinal  tubules.    Mai^ufied  300  diameters. 

sue,  and  extremely  fine,  frequently  branched  fibres — ^the  dentinal  fibreB  of 
Tomes  (40)  and  Kolliker  (68),  which  occupy  fine  canals,  the  dentinal  ccmcds 
trayersing  the  matrix.  The  dentinal  fibres  are  enormously  elongated  pro- 
G888es  of  the  so-called  dentinal  cells,  or  cells  of  the  dentinal  pulp  {odorUo- 
UaaUi),  Dentine  consequently  corresponds  to  bone,  with  this  difiference, 
t^t  instead  of  ceUs  it  contains  the  long  processes  of  cells  in  its  calcified 
matrix.  In  regard  to  the  other  characters  of  the  matrix,  it  presents  a 
■iTnilM.T»  uniformity  of  appearance,  and  a  similar  chemical  composition,  to  that 
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of  compact  bone.  After  treatment  with  acids  (especially  with  dilute  hydro- 
chloric acid)  a  material,  dentinal  cartilagey  is  obtained  which  is  precisely 
similar  to  ossein,  except  that  it  is  of  somewhat  firmer  consistence. 

The  dentinal  fibres  constitute  the  soft  parts  of  dentine.  They  do  not  lie 
in  direct  contact  with  the  hard  matrix,  but  are  invested  by  sheaths,  the 
denthud  sheathe  of  E.  Neumann  (48),  which  are  intimately  connected  with 
the  matrix.  After  the  fibres  have  been  removed  by  maceration,  or  by  incin- 
eration of  the  tooth,  the  dentinal  sheaths  remain,  and  even  after  destruction 
of  the  matrix  by  boiling  in  strong  muriatic  acid  or  in  caustic  alkalies,  they 
constitute  the  only  perfectly  indestructible  residue  of  the  tooth.  They  form 
the  white  finely  fibrous  felt  which  still  remains  after  treatment  with  the 
above-mentioned  reagents.  The  dentinal  sheaths,  it  is  highly  probable,  be- 
long to  the  category  of  elastic  limiting  layers  which  not  uufrequently  form 
around  the  cavities  of  the  connective  tissues.  E.  Neumann  considers  them 
to  be  calcified  (see  also  p.  101). 

The  dentinal  matrix,  then,  is  traversed  by  a  number  of  fine  canals, 
having  Viralls  of  a  peculiar  nature— the  dentinal  sheaths — in  which  lie  the 
dentinal  fibres.  The  dentinal  canals  commence  with  small  circular  openings 
on  the  inner  surface  of  the  pulp  cavity,  and  pass  radially  outwards  through 
the  dentine,  making  numerous  spiral  turns  in  their  course  (Welcker,  41). 
As  a  general  rule  each  tubule  extends  from  the  pulp  cavity  to  the  enamel, 
or  cement,  giving  off  in  its  course  numerous  delicate  transverse  bi  anches. 
By  means  of  these  transverse  branches  both  the  tubules  and  their  contents 
— the  dentinal  fibres — anastomose  with  each  othei^.  In  sections  made  from 
fresh  teeth,  examined  with  high  powers  (500 — 1,000),  it  is  not  difficult  to 
recognize,  especially  in  the  central  section  of  the  course  of  the  tubules,  which 
is  of  considerably  larger  diameter,  the  pale  homogeneous  dentinal  fibre.  The 
lining  of  the  tubules  (dentinal  sheaths)  can  only  be  satisfactorily  seen  in 
cross  section,  when  they  appear  as  delicate  yellowish  rings,  in  the  interior  of 
which  the  transverse  section  of  the  dentinal  fibre  is  perceptible  in  the  form 
of  a  minute  dark  point.  I,  at  least,  agree  with  KolUker  (58)  in  this  inter- 
pretation of  the  appearances  seen  on  cross  section.  Carious  teeth  prove  veiy 
,  serviceable  in  exhibiting  these  relations.*  The  dentinal  tubules  are  best 
examined  in  fine  sec(ions  dried  in  air.  They  then  make  their  appearance, 
filled  with  air,  in  the  form  of  strongly  defined  very  dark  tubules  or  lines, 
enabling  them  to  be  traced  to  their  finest  i*amifications. 

In  regard  to  the  mode  of  peripheric  termination  of  the  dentinal  tubuli 
no  positive  conclusion  can  be  drawn.  Yet  exact  information  on  this  point 
is  of  considerable  importance,  because  Tomes  (29)  has  directed  attention  to 
the  sensibility  of  the  peripheric  portion  of  the  dentine. 

Whei-ever  the  terminal  loops  occur  the  dentinal  tubuli  must  also  end  in 
the  same  manner ;  nevertheless,  it  is  difficult  to  demonsti-ate  actual  terminal 
loop-like  structures.  Extremely  fine  processes  of  the  dentinal  tubuli  run 
towards  the  enamel,  and  are  lost  at  the  surface  of  the  dentine.  At  this  part 
also  larger  or  smaller  irregularly  defined  cavities  are  found,  tfie  inierglohidar 
spaces  of  Czermak  (33),  which  will  be  more  fully  considered  hereafter. 
The  dentinal  tubuli  open  into  these  interglobular  spaces,  and  from  them 
again  fine  processes  extend  towards  the  enamel.  A  direct  passage  of  the 
dentinal  tubuli  into  the  enamel  does  not  occur. 

TomeB  (39)  and  Kolliker  (58)  ore  strongly  of  opinion  that  some  of  the  dentinal  tu- 

*  In  the  vicinity  of  oarioim  portions  of  tooth,  both  the  soft  dentinal  fibres  and  the 
dentinal  sheaths  are  thickened,  so  that  in  transverse  sections  both  come  very  clearly 

into  view- 
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bull,  with  their  soft  contents,  penetrate  into  the  enamel.  This  they  think  especially 
occuTB  amongst  the  Rodents  and  Marsupials.  I  have  not,  however,  been  more  suc- 
cessful than  Hertz  (52)  in  convincing  myself  of  this  fact.  No  conclusion  can  be  drawn 
with  positive  certainty  from  sections,  since  the  slightest  deviation  from  parallelism  in 
the  surfaces  may  easily  produce  deceptive  appearances.  So,  again,  fissures  in  the 
enamel,  and  inequalities  of  the  adjacent  surfaces  of  the  dentine  and  enamel,  might 
easily  lead  to  the  view  supported  by  Tomes.  The  question  can  only  be  determined 
by  the  examination  of  young-  teeth  in  process  of  development ;  but  I  have  never 
been  able  to  discover  anything  of  the  kind.  Intervening  between  the  dentine  and  the 
cement  is  a  considerable  quantity  of  the  already  mentioned  inteiiglobular  substance, 
and  the  ^eater  number  of  the  dentinal  tubuli  open  into  its  irregular  spaces.  These 
again  are  continuous  with  the  lacunas  of  the  cement  by  means  of  fine  canaliculi.  The 
tubuli  may  be  followed  quite  to  the  free  surface  of  the  masticatory  surface  of  the  in- 
cisor teeth  of  the  Rodents,  where  the  dentine  is  freely  exposed ;  but  it  appears  to 
me  that  in  the  peripheral  portions  of  these  tubules  the  dentinal  fibres  are  atro- 
phied. 

If  we  now  proceed  to  consider  the  dentinal  fibres  with  more  minuteness, 
no  further  reference  to  their  course  and  direction  is  needed,  since  these  are 
determined  by  that  of  the  tubules,  which  have  already  been  sufficiently 
described.  At  the  same  time  it  is  not  easy  to  decide  whether  the  fibres  are 
present  in  the  finest  peripheric  ramifications  of  the  tubules.  In  young 
teeth  this  is  certainly  the  case,  but  in  those  that  are  older,  atrophy  of  the 
fibres  appears  to  be  concurrent  with  obliteration  of  the  canaliculi.  We 
may  seek  in  vain,  even  in  young  dentinal  fibres,  for  rudiments  of  nuclei, 
although  both  the  history  of  their  development  and  several  pathological 
appearances  (as  for  instance  those  accompanying  caries)  might  lead  us  to 
expect  their  presence.  The  fibres  easily  stain  with  carmine.  They  possess 
a  remai'kable  degree  of  extensibility,  to  that,  especially  in  young  teeth,  the 
dentinal  cells  may  be  separated  to  a  considerable  distance  from  the  dentine 
without  rupture  of  the  processes,  which  then  appear  like  harp  strings 
stretched  across  the  interval.  Salter  (51),  in  recently  describing  the 
fibres  as  tubules,  because,  when  dry,  they  appear  to  contain  air  vesicles, 
and  exhibit  a  dai'k  central  point  on  section,  has  probably  had  the  dentinal 
sheaths  under  observation.  The  fibres  are  really  completely  solid  and 
homogeneous. 

There  are  some  remarkable  deviations  from  the  above-described  structure  of  the 
dentine.  The  interglobular  substance  is  in  the  first  place  a  structure  tolerably  widely 
distributed.  Gzermak  has  described  under  this  name  those  parts  of  the  dentine 
which,  when  thin  sections  are  dried  in  air,  appear  beset  with  irregular  spaces  and 
cavities.  The  walls  of  these  spaces,  especially  if  they  form  a  deep  notch,  often  pro- 
ject in  the  form  of  spheroidal  masses  or  dentinal  globules.  Indications  of  a  spherical 
form  which  sometimes  occur  in  the  compact  dentine  are  explicable  on  the  supposition 
that  the  interglobular  spaces  have  been  obliterated  by  calcification  of  their  soft  con- 
tents, the  contours  of  their  original  walls  being  to  some  extent  retained.  The  con- 
tents of  the  interglobular  spaces  consist  of  a  soft  mass.  In  the  younjg  fresh  teeth  of 
the  calf,  rounded  and  stellate  cells  may  frequently  be  seen  In  the  larger  interglobular 
spaces,  with  processes  which  extend  into  the  dentinal  q^uials  opening  into  them.  At 
a  later  period  the  cells  atrophy,  or  their  protoplasm  becomes  converted  into  a  sub- 
stance analogous  to  the  dentinal  cartilage.  In  immediate  proximity  to  the  cement, 
a  layer  of  very  small,  closely  compresned  interglobular  spaces  is  very  constantly  pres- 
ent, forming  the  granular  layer  of  Tomes.  The  interglobular  spaces,  with  their 
soft  contents,  are  therefore  only  the  result  of  a  somewhat  irregular  process  of  den- 
tinification,  and  are  analogous  to  the  small  irr^pilar  medullary  cavities  found  in  the 
interior  of  compact  bone. 

In  the  dentine  of  many  animals,  especially  of  Fishes,  of  some  Rodents,  in  the  cen- 
tral portion  of  the  tusks  of  the  Elephant,  the  molar  teeth  of  the  Iguanodon  and  others, 
▼aacnlar  canals  exist  analogous  to  the  Haversian  canals  of  bone,  constituting  the 
vaso-dentine  of  Owen.  In  Man  this  form  of  dentine  is  only  met  with  as  a  conse- 
quence of  the  secondary  ossification  of  the  pulp.     In  many  Fishes  (Kolliker,  45)  the 
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bones  of  the  skeleton  conedst  in  great  part  of  true  dentine ;  whilst  conversely  we  find 
in  the  dentine  of  the  teeth,  especially  in  pathological  conditions,  masses  with  bone 
lacunas,  termed  Odontomes  by  Virchow,  and  Osteo-odontomes  by  Hohl,  which  oocur 
in  the  dentine  near  the  cement,  or  in  ossifications  of  the  pulp,  and  form  the  ostea- 
dentine  of  Owen. 

Transitional  forms,  between  Taso-dentine,  osteo-dentine,  and  ordinary  dentine,  are 
frequently  met  with  in  Fishes,  as,  for  instance,  in  the  Pike..  In  the  Cetacea,  Dugong, 
and  Physeter,  again,  the  peripheric  layer  of  the  dentine,  which  contains  a  large  num- 
ber of  small  interglobular  spaces  and  true  bone  corpuscles,  passes  without  interruption 
into  the  investing  cement,  so  that  it  is  impossible  to  draw  here  any  definite  line 
between  osseous  substance  and  dentine. 

Sohreger  (7)  first  recognized  a  system  of  concentric  lines  running  parallel  to  the 
contour  of  the  teeth  in  dentine,  which  in  large  teeth  can  be  easily  seen  with  the 
naked  eye,  or  with  a  low  magnifying  power.  In  true  dentine  they  present  on  section 
a  characteristically  decussating  course  with  small  rhomboidal  meshes  between  them. 
As  Betzius  (19)  and  Owen  (25)  first  correctly  stated,  the  lines  of  Schreger  are  occft- 

Fiff.  120. 


Fig.  120.  Apex  of  a  tooth  from  the  lower  jaw  of  the  Pike  (Esoz  Indus).  Mag;- 
nified  80  diameters.  The  central  portion  consists  of  vaso^lentine,  which  is 
covered  with  true  dentine;  external  to  which  again  is  a  thin  layer  of  vitro- 
dentine. 

sioned  by  the  corresponding  primary  curvatures  of  the  dentinal  tubes.  Owen  (25) 
describes  in  addition  a  second  system  of  parallel  curved  Unes  in  dentine,  the  contour 
lines  occurring  especially  in  the  tusks  of  the  elephant,  produced  by  regularly  inter- 
calated strata  of  small  oells  (probably  finely  granular  interglobular  substance).  Gzer- 
mak  and  Kolliker  give  similar  illustrations,  db»wn  from  the  teeth  of  man ;  we  are  not 
however  justified  from  these  appearances  in  concluding  that  dentine  possesses  a 
lamcdlated  structure. 

Enamel  (Substantia  Yitrea ;  Subst.  Adamantina ;  Encan&tum ;  Adamas ; 
Email). — Enamel  is  the  hardest  substance  met  with  in  the  Vertebrata,  being 
in  this  respect  about  equal  to  Apatite  (F.  Hoppe-Seyler,  69).  With  its 
translucent  mass  and  bluish  tint  it  forms  a  kind  of  cap  of  various  thickness, 
investing  the  crown  of  the  tooth,  usually  following  its  contours  with  ac- 
curacy. Its  surface,  especially  at  the  sides,  exhibits  very  fine,  nearly 
pai*allel,  ti-ansverse  strite  (Czermak),  which  are  probably  referrible  to  the 
papillary  structure  of  the  enamel  organ  (see  this).     Coarser  projections 
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vitli  deep  grooves,  which  have  likewise  been  desciibed  by  Czermak,  mast 
be  regarded  as  pathological  formations. 

In  young  teeth,  examined  at  that  stage  in  which  the  enamel  is  still  soft 
and  capable  of  being  cut  with  a  knife,  it  is  eajsy  to  demonstrate  that  it  con- 
sists of  rather  elongated  piisms  of  about  3 — 5  /i  long,  which  are  called 
enamel  JibreSy  or  enamel  prisms  (see  ^g,  124,  4  and  6).  It  is  impossible  to 
avoid  perceiving  a  certain  similarity  in  form  between  these  and  veiy  long 
columnar  epithelial  cells,  like  those  which  form  the  fibres  of  the  lens. 
This  is  especially  obvious  in  fine  transverse  sections,  which  exhibit  a  deli* 
cate  mosaic  with  six-sided  areas.  After  cautious  treatment  with  dilute  hy- 
drochloric acid  and  subsequent  boiling  in  S  O3  (Beigel  (60),  whose  method 
otherwise  affords  no  special  advantage),  the  enamel  prisms  can  be  easily 
isolated  in  adults.  Their  exti-emities  are  often  pointed  like  a  needle,  which, 
however,  appears  to  depend  only  on  irregular  fracture.  By  the  same  means, 
also,  it  can  be  shown  that  the  prisms  partly  run  in  a  straight  direction,  and 
partly  in  curves ;  but  I  have  not  been  able  t.o  satisfy  myself  that  angular 
or  zigzag  curvatiires  occur,  as  stated  by  Czermak.  The  dark  transverse 
striae  and  slight  varicosities  which,  especially  after  the  addition  of  very 
dilute  hydrochloric  acid,  occur  at  regular  distances  from  one  another  in  the 
isolated  prisms  of  enamel,  are  very  remarkable.  If  the  treatment  with 
hydrochloric  acid  be  continued  for  some  time  longer,  the  fibres  split  in  the 
direction  of  the  clear  transverse  lines  into  small  cubic  fragments  of  neaaly 
equal  size  (3 — 4  fi). 

It  stOl  remaiiis  a  question  how  the  tnuosverse  bands  are  to  be  explained.  The  dr- 
cumstance  that  they  are  generally  abB^nt,  or  at  least  are  not  so  well  marked  in  young  soft 
fibres,  and  that  their  relative  thickness  nearly  corresponds  to  the  thickness  of  the 
fibres,  has  led  me  (49)  to  express  the  opinion  that  they  might  proceed  from  the  de- 
cujBsation  of  the  fibres.  I  am  well  aware  of  the  grounds  adduced  by  Hertz  (62)  against 
this  sappodtion,  and  which  are  assented  to  by  Kolliker ;  but  I  must  still  consider  it 
doubtful  whether  all  enamel  prisms  exhibit  transverse  striffi  and  vaiicositiea  Hertz 
returns  to  the  intermittent  (schubweise)  calcification  of  the  enamel  cells  formerly  ad- 
mitted by  Hannover  (89).  But  the  mode  in  which  so  regular  a  transverse  striation  is 
thus  produced,  is,  to  me  at  least,  unintelligible ;  besides,  no  evidence  can  be  brought . 
forwaxd  showing  that  a  laminated  mode  of  formation  occurs  in  enamel. 

The  enamel  fibres  lie  in  close  contact  with  each  other,  without  any  de- 
monstrable intervening  substance.  They  appear  to  be  completely  solid,  and 
extend  for  the  most  part  through  the  whole  thickness  of  the  enamel.  At 
the  same  time  they  puraue  a  very  various  coiirse,  which  finds  its  expression 
in  the  well-known  decussation  of  the  prisms.  We  accordingly  find  that  al- 
ternate layers  of  enamel  fibres  appear  on  section  to  run  vertically  and  trans- 
versely, in  consequence  of  which  a  peculiar  and  sometimes  veiy  regular  pat- 
tern is  produced.  The  enamel  prisms  miist  therefore  also  pursue,  in  the 
form  of  fasciculi,  a  various  and  often  decussating  course  towards  the  sui*face 
of  the  tooth.  A  second  pattern  presenting  itself  in  the  enamel  is  formed  by 
the  so-called  brown  parallel  strife  of  Retziiis,  which  are  superimposed  lines 
oonrsing  in  the  same  direction,  and  regarded  by  Kolliker  as  the  expression 
of  a  laminated  mode  of  formation  of  the  enamel. 

These  are  frequently  (see  fig.  118)  very  fine,  and  closely  applied  to  one  another; 
wame  appearing  to  be  more  conspicuous  than  others.  No  satisfactory  explanation  of 
this  phenomenon  can  at  present  be  given.  Hertz  attributes  it  to  deposits  of  pigpment  in 
the  enamel  prisms,  as  occurs,  for  example,  in  the  beaver  and  squirrel,  where  it  is  due, 
accordmg  to  V.  Bibra  (08),  to  the  presence  of  oxide  of  iron;  and  in  these  Rodents, 
according  to  Wenzel  (66),  such  deposits  are  already  present  in  the  protoplasm  of  the 
enamel  oeUa;  still,  no  poeitire  statements  can  at  present  be  made  on  this  point.  Other 
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kinds  of  striaSf  again,  may  be  perceiyed  on  examining  transverse  sections,  and  most 
distinctly  after  brushing  with  dilute  hydrochloric  acid  (1 :  12,  Hertz),  which  are 
caused,  according  to  Gzermak,  by  the  regular  zigzag  course,  or,  according  to  Han- 
nover, by  twisting  or  spiral  turns  of  the  prisms.  An  explanation  will  be  hereafter 
given  of  the  decussation  of  the  prisms,  as  wtsU  as  of  their  various  course  (see  the  De- 
velopment of  the  Enamel).  The  observations  of  Hoppe-Seyler  (69)  on  the  behavior 
of  the  enamel  in  polarized  light  are  replete  with  interest.  According  to  these,  fully 
developed  enamel  exhibits  strongly  negative  double  refraction,  and  is  probably 
uniaxial ;  whilst  young  enamel  presents  positive  double  refraction.  Adult  enamel  be- 
comes positive  on  being  exposed  to  a  temperature  of  800°  0.  Hoppe-Seyler  (69),  in 
one  of  his  analyses,  found  the  composition  of  the  enamel  of  the  newly  bom  infant  to 
be  P0»  8  Ca  O  0=75  23,  C  O,,  Ca  0=718,  CI  Ca=0'23,  PO*  3  Mg  0=1-72.  Oi^anic 
compounds=15-59.  The  enamel  of  adults  contains  only  from  one  to  three  per  cent, 
of  organic  constituents ;  but,  on  the  other  hand,  a  large  quantity  of  phosphate  of  lime. 
A  remarkable  feature  is  the  presence  of  a  small  proportion  of  fluorine. 

The  Outicula  {persistent  capsvl^  of  Nasmyth,  22 ;  schmelzoberh^utchen 
of  Kolliker)  forms  an  extremely  resistant  investment  not  more  than  1 — 2  /* 
in  thickness,  covering  the  exposed  portion  of  the  teeth,  and  disappearing 
wholly  when  they  are  mature.  When  the  enamel  is  present,  the  under  sur- 
face frequently  presents  the  impression  of  prisms  in  the  form  of  small  squai-e 
areas. 

KoUiker  and  others  more  recently  have  improperly  applied  the  term  enamel  mem- 
brane to  the  cuticula,  since  it  is  developed  with  equal  distinctness  in  teeth  in  which 
the  enamel  is  absent,  as  for  instance  in  the  Pike.j 

In  young  teeth,  examined  when  in  the  act  of  perforating  the  gum,  the 
cuticula  may  be  easily  detached  as  a  whole  after  slight  action  of  hydrochloric 
acid.  It  may  then  be  tinted  with  solution  of  nitrate  of  silver,  which  causes 
the  ajipearance  of  figures  similar  to  large  epithelial  cells.  These,  as  the  his- 
tory of  the  development  of  the  teeth  shows  (see  this),  are  the  cornified  cells 
of  the  so-called  external  epithelium  of  the  enamel  organ,  from  which  the  cuti- 
cula is  formed. 

The  chemical  I'elations  of  the  cuticula  dentis  indicate  that  it  belongs  to 
the  category  of  homy  substances.  According  to  the  statements  of  Kolliker 
(.58),  which  I  am  able  to  corroborate,  boiling  water  and  mineral  acids  exert 
no  action  upon  it,  except  that  it  is  stained  of  a  yellow  color  by  nitric  acid. 
When  boiled  with  caustic  potash  or  soda,  it  softens,  and  when  burnt  yields  a 
smell  resembling  that  of  horn.  I  have  not  been  able  to  prove  the  presence 
of  lime  in  the  cuticle  of  man  ;  small  traces  of  this  substance  could  always 
be  referred  to  imperfect  purification  of  the  membrane  from  enamel  or  den- 
tine in  contact  with  it ;  so  that  it  is  questionable  whether  it  undergoes  any 
calcification.  Kollmann  (67a)  has  recently  admitted  this,  but  offers  no 
proof. 

Cement  (Zahn-kitt,  osteoid  substance^  cemeiittitn,  cortex  osseus,  crusta 
^fibrosa). — The  cement  is  a  true  bony  structure  essentially  belonging  to  the 
periosteum  of  the  alveolus,  and  in  man  and  many  of  the  vertebrates  forms  a 
thin  investment  -to  the  fangs  of  the  teeth.  Intimately  connected  with  the 
dentine,  it  commences  as  a  delicate  covering  at  the  neck  of  the  tooth,  where 
the  enamel  ceases,  and  is  thickest  at  the  apices  of  the  roots  and  in  the  de- 
pressions between  the  roots  of  the  molar  and  bicuspid  teeth.  In  the  folded 
enamel  and  compound  teeth  the  cement  penc'trates  deeply  in  the  form  of  a 
moderately  thick  layer  between  the  projections  of  the  crown,  or  serves  as  a 
connecting  substance  to  the  several  toothlfets ;  it  is  therefore  situated  for  the 
most  part  external  to  all  the  other  constituents  of  the  tooth.     The  Pachy- 


Digitized  by 


Google 


STRUCTTUEE  OF   THB  CEMENT. 

dermata  and  others  have  also  a  special  covering  of  cement,  investing  the 
whole  crown  of  the  tooth  as  a  secondary  formation  (crown  cement). 

Both  in  its  chemical  and  microscopical  characters,  cement  is  closely  allied 
to  bone.  The  lacunar  are  for  the  most  part  large,  and  possess  an  enormous 
number  of  very  long  canaliculi,  especially  in  the  Cetacea.  When  the  cement 
is  extremely  thin,  however,  they  may  be  entirely  absent,  and  it  then  pre- 
sents on  section  a  ^lerfectly  homogeneous  and  vitreous  appearance.  A 
similarly  very  hanl  lamella,  destitute  oi  lacuuae,  occurs  also  in  the  outer- 
most {K>rtion  of  the  thicker  layers  of  cement.  Haversian  canals,  which 
sometimes  open  into  tlie  pulp  cavity  (Salter,  58),  are  found  when  the  cement 
is  thick,  though  it  is  rai*e  to  find  any  lamellated  arrangement  of  the  matrix. 

KoUiker  (58)  has  described  peculiar  cavities  in  the  cement,  which  he  considers  to 
result  from  pathological  processes.  Sharpey^s  fibres  also  occur,  and  I  have  found  the 
cement  of  the  dog  to  be  that  best  adapted  to  show  them.  The  thick  capeule-like  in- 
vestments surrounding  one  or  several  lacunflB,  first  noticed  by  Gerber  (24)  in  the 
cement  of  the  horse,  are  deserving  of  especial  mention.  These  lacunsB,  with  their 
thick  capsules,  can  be  easily  isolated  in  diQuted  acids,  and  may  be  regarded  as  nests 
of  osteoblasts  formed  in  the  process  of  ossification,  and  surrounded  by  thick  sheaths 
of  connective  tissue. 

Soft  Structures  of  the  Teeth. — The  soft  tissues  belonging  to  the  teeth 
include  the  tooth  pulp  and  the  gums.  The  foi-mer  is  the  vascular  and  nervous 
matrix  of  the  dentine,  and  the  remains  of  the  original  tooth  papilla.  It 
constitutes  also  the  model  of  the  tooth  on  which  the  hai'd  structures  are 
formed  like  a  cast,  and  therefore  presents,  in  accordance  with  their  dif- 
ference in  shape,  an  extremely  various  form.  In  old  teeth,  where  the 
hard  part?  predominate  to  a  remarkable  extent,  there  remains  only  an 
inconsiderable  residue  of  the  pulp  enclosing  the  cavum  dentis,  and  in 
the  human  tooth  it  is  reduced  to  a  veiy  slender  thread  containing  a  few 
vessels  and  nerves.  The  pulp  is  immediately  connected  with  the  peiiosteum 
and  base  of  the  alveolus  by  means  of  the  foramina  dentium. 

In  the  incisors  of  the  Rodents,  which  produce  new  dentine  continuously,  the  pulp, 
even  in  adults,  retains  its  original  character,  and  its  structure  can  there  be  best 
studied. 

The  principal  poi-tion  of  a  good  specimen  of  young  pulp  consists  of  indis- 
tinct finely  fibrous  connective  tissue  containing  numerous  cells,  that  recalls 
in  many  respects  the  mucous  tissue  of  old  atrophied  umbilical .  cords,  the 
elastic  tissue  only  being  absent.  On  account  of  the  numerous  large  vessels 
which  break  up  immediately  beneath  the  surface  into  a  plexus  of  capillaries 
of  moderate  width,  the  tissue  appears  quite  cavernous.  The  external  layer 
of  the  pulp  is  formed  by  a  layer  of  large  cells,  of  elongated  form,  and  pro- 
vided with  numerous  processes,  called  Odontobldsts  (41),  59),  which  are  ar- 
ranged so  as  to  form  a  kind  of  columnar  epithelium.*  These  cells  (see  figs. 
123,  124)  ai*e  from  20  to  30  /x  on  the  avei^e  in  length,  and  about  5  /a  in 
breadth.  They  are  finely  granular,  and  destitute  of  a  membrane.  The 
moderately  large  rounded  or  ovoid  nucleus  is  usually  contained  in  that  end 
which  is  turned  towards  the  pulp.  In  adults,  as  Boll  (59)  remarks,  the 
form  of  the  cells  is  very  slender,  whilst  in  young  teeth  they  are  more  or 
less  compressed.  Three  kinds  of  processes  may  be  distinguished  in  these 
cells.     The  dentinal  process,  the  pulp  process,  and  the  lateral  processes. 


*  The  names  formerly  applied  to  them  were  dentinal  cells  (Elfenbeinzellen).  Kol- 
liker  terms  this  entire  layer  of  cells  membrana  eboris,  because  after  the  pulp  has  been 
withdrawn  it  usnally  cleaves  to  the  inner  surface  of  the  tooth  in  the  form  est  a  con- 
tinuous membrane-like  layer. 
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The  dentinal  processes  constitute  the  above-described  dentine  fibres;  it 
need  here  only  be  repeated  that  from  one  cell  several  dentine  fibres  are  fre> 
quently  given  off  (Boll  counted  as  many  as  six).  Such  odontoblasts,  with 
several  dentinal  processes,  are  broad  at  the  end,  directed  towards  the  den- 
tine, but  as  the  processes  pass  en  they  gradually  diminish  to  form  dentinal 
fibres.  The  odontoblasts  are  intimately  connected  with  each  other  by  means 
of  the  fine  short  teeth  which  the  lateral  processes  of  all  dentinal  cells  form. 
The  short  pulp  process  usually  springs  from  the  cell  with  a  moderately 
broad  base,  and  is  constantly  connected  with  one  of  the  cells  lying  imme* 
diately  beneath  the  membrana  eboris,  which  last  are  usually  somewhat 
larger  and  more  darkly  granular  than  those  more  deeply  seated. 

We  are  indebted  to  Boll  (59)  for  first  fumiBhing  ns  with  precise  information  in  re- 
gard to  the  nerves  of  the  teeth.  He  observed  in  tiie  inciaor  teeth  of  the  Rodents, 
after  the  pulp  had  been  macerated  for  an  hour  in  a  aolntion  of  chromic  aoid  contain- 
ing ^  per  cent,  a  very  large  number  of  non-medullated  extremely  fine  nerve  fibres, 
which  exhibited  a  silky  lustre,  and  were  gradually  but  directly  continuous  with  the 
medullated  fibres.  If  the  observer  is  so  fortunate  as  to  preserve  the  membrana  eboris 
in  its  natural  connection  with  the  pulp,  which  Boll  sometimes  accomplished  by  intro- 
ducing a  fine  knife  between  the  pulp  and  the  dentine,  after  treatment  with  chromic 
acid,  the  extraordinary  richness  of  these  non-medullated  fibres  in  the  peripheric  por- 
tions of  the  pulp  becomes  apparent.  Preparations  that  have  been  teased  out  with 
needles  show  that  the  nerve  fibres  pass  outwards  between  the  odontoblasts  in  con- 
siderable numbers,  and  accompany  the  dentinal  processes  to  which  they  are  sub- 
jacent in  the  form  of  fine  hairs.  Boll  was,  however,  unable  to  see  the  actual  pene- 
tration of  the  nerve  fibres  into  the  dentinal  tuboli,  although  their  length  and  the 
direction  they  pursued  rendered  this  probable. 

The  gum  is  distinguished  from  the  other  portions  of  the  oral  cavity  by  its 
vascularity  and  its  large  papillae,  which  again,  Uke  the  papillss  fungiformes, 
are  beset  with  small  projections  (Kblliker,  58).  No  glands  appear  to  be 
present  in  them.  Here  and  there  small  round  heaps  of  pavement  epithe- 
lium, frequently  presenting  the  appearance  of  concentric  lamellas  of  horn, 
are  met  with,  either  imbedded  in  the  substance  of  the  gum,  or  occupying 
fossie  on  its  surface  (Serres,  8 ;  KoUiker,  58).  The  periosteum  of  the  alve- 
oli, which  fulfils  the  oflSce  of  periosteum,  not  only  to  the  internal  surface  of 
the  alveolus,  but  also  to  the  cement,  termed  the  Periodontium,  is  character- 
ized by  its  softness.  It  contains  but  few  elastic  fibres,  though  I,  with 
Kblliker  (58),  have  found  its  nervous  supply  abundant. 

Dentinal  structures  occur  in  laige  numbers,  and  present  a  great  variety  of  form, 
amongst  the  Invertebrata.  The  teeth  of  the  masticatory  apparatus  of  the  Echinus 
most  closely  resemble  those  of  the  Vertebrata.  H.  Meyer  *  states  that  they  are  com- 
posed of  enamel  fibres ;  this,  however,  is  not  quite  accurate.  The  teeth  of  the  Echi- 
nidse  are  long,  slender,  slightly  curved  plates,  which  present  a  well-marked  longitu- 
dinal ridge  on  their  inner  surface.  The  greater  part  of  each  tooth  is  formed  by  a 
radial  lamina  attached  vertically  to  the  surface  of  this  ridge  or  keeL  The  radial  lamina 
is  moderately  soft,  and  can  be  easily  broken  up  into  thin  leaflets,  which  are  again 
composed  of  elongated  prisms  somewhat  curved  at  their  extremities.  The  peripheric 
plate  is  considerably  harder,  and  its  prisms  are  mudi  smaller  and  softer  than  those  of 
the  keel.  Between  these  prisms,  which  in  part  run  parallel  to  one  another,  and  partly 
decussate  in  each  plate,  lie  thin  lustrous  calcareous  plates  which  often  exhibit  an  ex- 
tremely delicate  plexus  of  fine  anastomosing  canaliculi.  When  treated  with  hydro- 
chloric acid,  the  prisms  dissolve  with  the  disengagement  of  a  large  quantity  of  gas,  and 
leave  no  organic  residue.  They  appear,  therefore,  to  be  entirely  composed  of  carbon- 
ate of  lime.  In  their  degree  of  hardness,  in  their  size  and  chemical  characters,  they 
consequently  differ  remarkably  from  true  enamel,  and  they  do  not  possess  the  regular 
four  or  six-sided  form,  characteristic  of  the  fibres  of  the  latter  substance.  In  Mollusks, 

*  MiUler's  Ardiiv,  1849,  p.  191,  et  *og. 
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Worms,  and  Arthropoda  the  oral  or  gastric  teeth  are  composed  of  ohitine,  which  ia 
lometimes  impregnated  with  lime  or  silica.  It  may  be  said  generally  that  the  teeth 
amongst  the  Liveitebrata  are  to  be  regarded  as  pure  mineral  or  epithelial  structures 
(and  are  therefore  analogous  to  the  enamel),  whUst  in  the  lower  Yertebrata  they  are 
chiefly  composed  of  peculiarly  modified  and  ossified  connective  tissue  ;  in  the  higher 
daases  of  animals,  which  present  the  most  complicated  form  of  dentinal  structures,  an 
epithelial  structure  (the  enamel)  is  again  included  in  their  structure. 

Development  op  the  Teeth. — The  genesis  of  the  teeth  in  the  human 
embryo  commences,  according  to  the  observations  of  Robin  and  Magitot  (46), 
at  about  the  fiftieth  to  the  sixty-fifth  day.  The  margins  of  the  jaw,  at  the 
beginning  of  the  third  month,  form  a  slightly  raised  rounded  ridge,  the 
" maxillary  ridgey^  which  is  most  prominent  in  the  lower  jaw,  and  consists 
of  a  thickening  of  the  embryonic  connective  tissue  and  epithelium  of  the 
mucous  membrane  of  the  mouth.  This  epithelium,  with  its  vascular  sub- 
stratum resembling  mucous  tissue,  constitutes  therefore  the  matrix  of  the 
several  constituents  of  the  teeth,  the  epithelium  forming  tits  ena/mel,  and  the 
mucous  tissue  the  dentine  and-  cement. 

The  "  enamel  organ  "  is  formed  by  a  peculiar  structure  resulting  from  the 
growth  and  multiplication  of  the  epithelial  cells,  which  dip  down  into  the 
mucous  tissue.  In  a  direction  contrary  to  this  there  is  then  developed  a 
papilliform  process  of  the  mucous  tissue,  the  origin  of  the  pulp  and  of  the 
dentine,     l^e  two  parts  together  constitute   the   rudiment  of  the  tooth. 

Pig.  121. 


Fig.  121.  Upper  jaw  of  a  foetal  sheep  three  centimetres  in  length.  Vertical  section, 
magnified  50  diameters,  showing  the  enamel  germ,  with  the  semi-lunar  rudiment  of 
the  dentine  germ  and  dental  sac  in  transverse  section.  1.  Dentinal  groove.  2.  Palatal 
process. 

When  at  a  later  period  the  connection  of  the  enamel  organ  with  the  oral 
epithelium  is  interrupted,  the  rudiment  of  the  tooth  is  enclosed  in  the  alve- 
olar border  of  the  jaw  on  all  sides,  as  in  a  capsule,  by  the  sub-epithelial  con- 
nective tissue.  That  portion  of  the  connective  tissue  which  immediately  in- 
vests the  rudiment  of  the  tooth  is  usually  termed  the  **  dental  saCy'*  and  at  a 
later  period  forms  the  cement.* 

Enamel  Organ  and  Enamel. — Near  the  end  of  the  second  month  of  foetal 

*  Kolliker  (58)  calls  the  entire  rudiment  of  the  tooth  enamel  organ,  papilla  dentis, 
and  the  connective  tissue  investment  of  both,  '^  dental  saoculus,"  and  distinguishes  the 
latter  again  as  *' proper  dental  sacculus,*'  a  nomenclature  which  has  little  to  recom- 
mend it. 
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life  the  margin  of  the  jaw  exhibits  a  slight  longitudinal  furrow,  with  round- 
ed borders,  termed  the**  dental  groove."^  The  epithelium  of  the  oral  cavity 
completely  covers  it,  so  that  it  is  scarcely  perceptible  when  the  surface  alone 
is  examined.  The  two  projecting  borders  of  the  groove  are  termed  the  "  den- 
tal ridges"  (Marcusen,  31),  or  **  lips  of  the  dental  groove"  (Dursy,  67). 
Soon,  from  the  bottom  of  the  dental  groove,  a  narrow  process  of  the  oral 
epithelium  dips  into  the  subjacent  mucous  tissue,  presenting  on  section  the 
form  of  a  short  tubular  gland,  but  in  point  of  fact  constituting  an  epithelial 
fold  along  the  whole  length  of  the  jaw — the  enanvel  germ  of  Kblliker  (47). 
The  primary  dental  groove,  especially  of  the  upper  jaw,  increases  in  size, 
and.  becomes  entirely  filled  with  oral  epithelium.  The  ei)itlielium  also  be- 
comes extraorflinarily  increased  in  thickness  on  the  two  dental  ridges,  and 
in  the  deep  groove  between  the  lips  and  the  margin  of  the  jaw,  especially  in 
Kuminants  (Kolliker,  47).  At  some  points  the  enamel  germ  appears  to 
descend  perpendicularly  from  the  base  of  the  furrow  into  the  subjacent  tis- 
sue, but  in  other  regions,  especially  in  the  neighborhood  of  the  incisors,  it 
extends  obliquely  towards  the  median  line,  and  con>iequently  forms  a  larger 
or  smaller  angle  with  the  dental  groove. 

Fig.  123. 


Fig.  122.  Vertical  section  of  the  inferior  maxilla  of  a  human  foetus,  measuring 
eleven  ocntimetreB  from  the  vertex  to  the  coccyx.  Magnified  25  diametera  1. 
Dental  groove.  2.  Remains  of  the  enamel  germ.  3.  Enamel  organ  presenting  exter- 
nally epithelium,  as  also  where  it  forms  the  enamel  germ  of  the  papillae  of  the  dental 
sacculus.  4.  Secondary  enamel  germ ;  rudiment  of  the  permanent  tooth.  5.  Den- 
tal germ.     6.  Lower  jaw.     7.  Meckers  cartilage. 

The  above  account  differs  from  that  which  I  formerly  gave,  in  recog^nizing  a  dental 
groove  in  the  vicinity  of  the  subsequently  appearing  dental  rudiment,  and  in  not  re- 
garding this  g^ove  as  a  secondary  formation  caused  by  an  hypertrophy  of  the  epithe- 
lium. KoUilcer  (58)  also  describes  a  groove  of  this  nature,  and  figures  it  with  the 
'  enamel  germ  proceeding  from  its  deepest  part.*  The  statements  of  Marcusen  (31) 
on  the  development  of  the  teeth,  which  I  have  already  indicated  as  being  the  first 
that  were  accurate  (49),  require  still  to  be  followed  out  in  further  detail.  Dursy 
(67)  has  very  recently  entered  minutely  into  the  description  of  the  first  occurrence  of 

♦  Loc.  at,  fig.  260. 
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the  dental  g^roove,  and  has  accompanied  his  statements  with  numerons  illustrations. 
He  considers  it  to  be  formed  l^  an  inequality  in  the  growth  of  the  margin  of  the 
jaw.  He  regards  the  enamel  germ  as  resulting  from  the  progressive  development  of 
the  dental  furrow  and  its  epithelium,  whioh,  however,  does  not  penetrate  more  deeply 
into  the  margin  of  the  jaw,  but  is  rendered  deeper  by  the  increased  elevation  of  the 
margins.  I  believe,  however,  that  we  must  draw  a  distinction  between  the  small 
primary  dental  groove  with  its  epithelium  and  the  true  enamel  germ.  The  latter  is 
a  secondary  formation  which,  although  proceeding  from  the  epithelium  of  the  primary 
dental  groove,  is  yet  distinguished  from  this,  botii  by  its  sudden  attenuation,  by  the 
difference  in  its  direction,  especially  in  the  case  of  the  incisor, teeth,  and  by  its  micro- 
-Bcopic  characters.  The  epithelium  of  the  dental  groove,  wiUi  the  exception  of  the 
deepest  layer,  oonsiats  of  large  spherical  or  flattened  transparent  cells.  The  cells  of 
the  deepest  layer  are  columnar,  and  are  immediately  continuous  with  the  similarly 
formed  colla  situated  at  the  peripheiy  of  the  enamel  germ,  whilst  the  cells  at  the  oen- 
tare  of  the  enamel  germ  are  dark,  gpranular,  and  round.  Even  at  a  later  period  we 
must  still  distinguish  between  the  continuously  enlarging  dental  groove  and  the 
enamel  germ  (see  fig.  122. )  Whether  the  enamel  germ  penetrates  by  its  own  growth 
into  the  blastema  of  the  jaw,  as  I  have  described  (49),  or  becomes  more  deeply  im- 
bedded in  consequence  of  an  increase  in  height  of  the  dental  walls,  it  will  perhaps  be 
difficult  to  decide.  The  small  primary  dental  groove  superjacent  to  this,  which  is  not 
always  present,  may  however  be  identified  wIUl  the  dental  groove  of  Arnold  (12)  and 
the  primitive  dental  groove  of  Goodsir.  Both  overlooked  the  enamel  germ,  and 
imagined  the  teeth  to  be  developed  from  isolated  papillsQ  in  their  dental  groove. 

A  series  of  remarkable  changes  soon  take  place  in  the  more  deeply  seated 
portions  of  the  enamel  germ,  especially  at  the  several  circumsciibed  spots 
corresponding  to  the  later  developed  milk  teeth.  The  spheroidal  cells 
forming  the  central  pai*t  of  the  enamel  germ  begin  to  increase  with  rapidity, 
so  that  the  germ  becomes  conically  elongated,  assuming  the  form  of  a  club, 
which  is  continuous  by  means  of  a  relatively  narrow  neck  with  the  epithe- 
lial cone  of  the  dental  groove,  Coincidently  the  dentine  germ  increases  in 
a  contrary  direction,  forming  a  club-shaped  mass,  and  projects  upwards  into 
its  base,  so  that  the  enamel  germ  comes  to  invest  the  dental  papilla  like  a 
cap.  The  connection  between  the  several  portions  of  the  enamel  germ  then 
become  dissolved,  probably  in  consequence  of  an  increase  of  the  connective 
tissue  of  the  dental  ridges,  so  that  now  a  special  division  of  the  enamel 
germ,  which  since  the  time  of  Purkyn6  (14)  has  been  called  the  enamd  oi'gaUj 
corresponds  to  each  of  the  dentinal  germs.  Each  enamel  organ  is  thus  com- 
posed of  a  strongly  developed  portion  that  surmounts  the  dentine  germ  like 
a  cap,  and  a  narrow  cord  of  cells  extending  to  the  epithelium  of  the  mouth 
— the  neck  of  the  enamd  organ^  which  represents  the  remains  of  the  primi- 
tive enamel  germ  (see  fig.  122).  The  neck  of  the  enamel  organ  disappears 
at  a  later  period,  whilst  the  two  dental  ridges  coalesce  with  one  another 
above.  The  rudiments  of  the  teeth  are  thus  surrounded  on  all  sides  by  the 
loose  connective  tissue  of  the  wall  of  the  jaw. 

Histological  changes  of  a  very  remarkable  character  occur  in  the  enamel 
organ,  coincidently  with  the  morphological  changes  that  have  been  described 
above.  The  marginal  cylindrical  cells,  where  they  are  in  immediate  contact 
with  the  dentine,  appearing  as  an  epithelium  covering  it,  become  remark- 
ably elongated,  and  form  very  regular  six-sided  prismatic  bodies — in  fact, 
the  most  beautiful  and  regular  columnar  epithelium  found  in  any  part  of 
the  animal  body  (see  figs.  123  and  124).  The  sides  of  the  cells  present  a 
distinct  limiting  membrane ;  but  the  protoplasm  has  no  investment  at  the 
two  extremities.  At  the  base  of  the  dentine  germ,  where  it  becomes  con- 
tinuous with  the  lateral  walls  of  the  enamel  club,  the  cells  become  progres- 
sively shorter,  until  at  last  they  assume  a  cubical  form,  and  thus  coat  the 
portion  of  the  internal  surface  of  the  enamel  organ,  or  rather  of  the  dental 
sacculus,  which  is  turned  away  from  the  dentine  geim.     In  accordance  with 
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KSlliker  (47),  we  designate  the  elongated  cylinder  cells  as  the  interned  or 
enamel  epitlikium,  and  the  remaining  mai*ginal  cells  as  the  external  epithe- 
lium of  the  enamel  organ.  As  far  as  the  external  epithelium  reaches,  the 
adjoining  connective  tissue  exhibits  tolerably  regularly  formed  conical  and 
vascular  papillte,  which  project  into  the  epithelium,  and  con^espond  to  the 
papillae  found  in  the  remaining  portions  of  the  oral  mucous  membrane  (see 
fig.  122). 

The  complete  oontmnil^  and  concatenation  of  all  these  stmctares  is  moot  satisfac- 
torily proved  by  a  recent  statement  made  by  DoxBiy  (67),  which  I  am  able  to  corrobo- 
rate, that  especially  towardi  the  neck  of  the  enamel  germ,  similar  papillary  stmotures 
are  preeent,  which  here  pass  without  interruption  into  the  papilles  of  the  gum.  It  is 
only  requisite  to  remark  that  they  are  much  stronger,  and  developed  at  an  earlier 
period,  in  the  enamel  organ  than  in  the  gum. 

Fig.  123. 


Fig.  133.  Longitudinal  section  of  a  milk  tooth  from  the  foetal  sheep,  carried 
through  the  margin  of  the  dentine  pulp  and  adjoining  portion  of  the  enamel  organ. 
Magnified  200  diameters.  1.  Dental  saooulus.  2.  External  epithelium  and  stratum 
intermedium  here  united  to  the  internal  epithelium  or  enamel  ceUs  3.  after  the  dis- 
appearance of  the  enamel  pulp.  4.  Young  layer  of  enamel  detached  from  the  ena- 
mel ceUs.    5.  Dentine.    6.  Odontoblasts.     7.  Part  of  the  dentine  pulp. 

The  small  round  cells  of  the  enamel  organ  between  the  external  wid  in- 
ternal epithelium  undergo  at  the  same  time  a  peculiar  transformation.  They 
acquire  a  stellate  form,  and  unite  with  each  other  by  their  processes  in  the 
same  manner  as  the  cells  of  ordinary  mucous  tissue,  which  this  part  of  the 
enamel  organ  so  strikingly  resembles  that  up  to  the  time  of  Huxley  (37) 
and  Kolliker  (47)  they  were  always  regarded  as  gelatinous  connective  tis- 
sue. The  cells,  however,  lying  in  immediate  contact  with  the  epithelium 
(stratum  intermedium  of  Himnover,  39)  retain  their  original  form,  and 
from  these  a  continuous  development  of  enamel  cells,  as  well  as  of  gelatin- 
ous epithelial  tissue,  appears  to  proceed.  The  enamel  cells  may  be  frequent- 
ly seen  to  be  in  connection  at  their  lower  extremities  with  the  cells  of  the 
stratum  intermedium',  so  that  a  multiplication  of  the  enamel  cells  from  the 
cells  of  this  stratum  in  the  direction  of  their  length  may  be  admitted  to 
occur  (see  fig.  124,  2).  The  jelly  of  the  enamel  organ  (enamel  pulp)  pos- 
sesses only  a  transitory  and  mechanical  significance,  occupying  the  space 
Bnbsequently  required  by  the  growing  tooth.      Nevertheless,  before  the 


Digitized  by 


Google 


DEVELOPMENT  OF  THE  TEETH. 


338 


formation  ot  the  enamel  is  completed,  both  the  epithelial  and  gelatinous 
tissue  and  the  stratum  intermedium  undergo  atrophy.  The  outer  and  inner 
epithelia  consequently  again  come  into  close  apposition  (see  fig.  123) ;  the 
latter  is  entirely  used  up  in  the  formation  of  the  enamel,  and  in  teeth  exam- 
ined just  at  the  period  of  eruption  we  can  only  detach  from  the  enamel  a 
membrane  composed  of  one  or  more  layers  of  veiy  flat  epithelial  cellsj 
which  clearly  repi-esent  the  outer  epithelium  with  a  lai-ger  or  smaller 
amount  of  the  stratum  intermedium.  As  soon  as  the  eruption  of  the  tooth 
is  effected,  these  cells  become  horny,  and  form  the  cuticula  dentis. 

Fig.  Idi. 


Figf.  124  Highly  magnified.  1.  Yarioas  forms  of  odontoblasts.  2.  Three  enamel 
eells,  with  a  few  cells  of  the  stratum  intermedium  attached ;  two  enamel  oells  ex- 
hibit Tomes^  processes.  3.  An  enamel  cell,  with  a  small  portion  of  enamel.  4.  Frag- 
mentB  of  enamel  fibres  from  yonng  and  still  soft  enamel  (aoicula).  5.  Old  enamel 
ihrea  with  transverse  strice. 

This  oonyersion,  so  remarkable  in  a  Mstologioal  point  of  view,  of  a  portion  of  the 
epitheHal  cells  of  the  enamel  organ  into  stellate  gelatinons  tissue,  finds  an  analogy, 
acoordiiig  to  Kolliker  (58),  only  in  the  cells  of  the  external  investment  of  the  egg  of 
the  Perch.  I  have  mys^  occnsionally  met  with  a  similar  metamorphosis  of  the  epi- 
thelial cells  in  the  GraS&axk  f  oUioies,  but  never  oocuirinsf  in  so  reg^ar  a  manner.  Re- 
newed investigations,  notwithstanding  the  objections  raised  by  Kolliker  (58)  andEoll- 
mann  (67  a),  con^^el  me  to  adhere  to  the  view  I  have  above  expressed  of  the  nature  of 
the  ontioula  dentis.  Its  tenuity  cannot  be  considered  as  an  objection,  especially  if, 
as  I  am  now  inclined  to  believe  with  HertK  (52),  the  external  epithelium  is  alone  to  be 
legazded  as  ^e  basis  of  the  onticala. 

The  formation  of  the  enamel  is  purely  and  exclusively  referrible  to  the  en- 
amel epithelium,  the  enamel  prisms  resulting  from  the  direct  calcification  of 
the  long  cylindrical  cells.  The  intimate  connection  of  enamel  cells  with  small 
portions  of  the  enamel  prisms,  which  remain  adherent  to  the  cells  in  the 
form  of  processes,  is  in  the  first  place  in  fieivor  of  this  view  (see  fig.  124,  d)w 
Again,  the  limit  to  which  the  calcification  extends  is  not  bounded  by  a  stndghi 
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line,  but  is  very  irregular,  a  circumstance  that  is  opposed  to  the  idea  of  a 
calcification  of  any  secretion  formed  by  the  enamel  cells.  If  young  enamel 
be  treated  with  diluted  acids,  the  enamel  prisms  swell  up  to  some  extent, 
and  reassume  the  form  of  the  original  columnar  cells,  and  the  distinct  mem- 
branous investment  of  the  longer  sides  comes  into  view.  The  disappearance 
of  the  nucleus  in  such  calcifications  and  metamorphoses  of  cells  is  so  com- 
mon, that  there  is  nothing  remarkable  in  its  absence  in  those  of  the  enamel. 

Kolliker  (58)  has  recently  so  for  inclined  towaids  the  view  propounded  above,  that 
he  appears  indined  to  explain  the  formation  of  enamel  in  the  same  sense  as  Schwann 
(23),  who  held  that  the  enamel  cells  continued  to  grow  at  their  free  extremities,  and  that 
the  new  growth  underwent  continuous  caldfication.  Hertz  (53)  and  myself  (49)  trans- 
fer the  growth  of  the  cells  to  the  nucleated  extremity  directed  towards  the  stratum 
intermedium,  which  is  more  in  accordance  with  the  facts  observed,  and  with  the  gen- 
eral mode  of  increase  of  cells ;  for  the  nucleus,  with  the  immediately  surrounding 
protoplasm,  is  always  that  part  of  the  cell  from  which  the  phenomena  of  life  radiate 
with  the  greatest  activity,  whilst  the  peripheric  portions  constantly,  on  the  other  hand, 
have  a  tendency  to  death  or  to  transformation  into  intercellular  substance,  etc.  In 
favor  of  the  same  view  also  is  the  remarkable  circumstance,  that  in  all  elongated  ool- 
umnar  cells,  with  one  nucleus  in  their  interior,  the  latter  is  constantly  found  to  occupy 
the  attached  and  never  the  free  extremity. 

From  the  foregoing  remarks,  then,  it  appears  that  enamel  is  to  be  re- 
garded as  the  petrifietl  dental  epWidium^  and  that  its  essential  part  corre- 
sponds to  the  mucous  layer  of  the  oral  epithelium,  whilst  the  cuticle,  though 
perhaps  by  a  secondary  metamorphosh^  is  associated  with  the  homy  sti*uc- 
tui*es. 

The  delicate  membrane  described  by  Huxley  (87),  in  hisaooount  of  the  structure  of 
the  teeth,  which  can  be  raised  with  tolerable  facility  from  the  surface  of  the  develop- 
ing enamel  after  it  has  been  subjected  to  the  action  of  hydrochloric  acid,  is  the  young- 
est layer  of  the  enamel  as  yet  but  slightly  impregnated  with  minend  constituents 
(Tomes,  29).  The  foraminated  appearance  of  the  membrane  is  in  favor  of  this  view. 
The  enamel  cells  first  undergo  petrifaction  in  their  investing  (external)  zone,  the 
axial  portion  of  the  protoplasm  retaining  its  softness  for  a  time,  and  in  isolated  cells 
forming  a  kind  of  process  (Tomes*  Process  of  the  Enamel  Cells  (49),  seje  fig.  124, 
No.  2).  As  a  consequence  of  this  the  youngest  layer  of  enamel  must  necessarily  ex- 
hibit a  number  of  foramina,  corresponding  to  the  *^  Processes  ^*  of  Tomes.  Huxley 
correctly  identifies  this  membrane  with  the  membrann  prafamuitiva  of  Raschkow,  but 
erroneously  considers  the  cutlcula  dentis  to  proceed  from  it  Rasohkow  described  a 
thin  homogeneous  membrane  investing  the  dentine  germ,  which  was  regarded  by 
Todd  and  Bowman,  and  by  Kolliker,  as  a  basement  membrane  of  the  dental  papilla 
covering  the  surface  invested  by  epithelium  (enamel  cells).  Huxley  (37)  and  Kolliker 
also  describe  a  basement  membrane  between  the  mucous  membrane  and  the  external 
epithelium.  Such  a  membrane  is,  however,  only  discoverable  when  the  enamel  cells 
have  attained  a  certain  stage  of  development,  and  have  already  begun  to  be  calcified. 
If  this  membrane,  which  exhibits  the  characteristic  foramina  of  Huxley^s  membrane, 
be  raised  by  the  action  of  hydrochloric  acid,  no  other  homogeneous  basement  mem- 
brane can  be  demonstrated  on  the  dentine  germ. 

The  papilkury  projections  of  the  dental  saoculus  directed  towards  the  enamel  organ 
afford  an  explanation  of  many  of  the  peculiarities  in  the  course  of  the  enamel  fibres 
which  have  been  mentioned  above.  In  the  first  place,  the  fine  transverse  strias  which 
run  in  a  circular  direction  around  the  external  siurface  of  the  enamel  are  directly  re- 
ferrible  to  the  papillsB.  For  if,  towards  the  end  of  the  formation  of  the  enamel,  the 
enamel  pulp  disappears,  and  the  external  and  internal  epithelial  cells  again  come  into 
contact  Mrith  each  other,  the  papillary  processes  make  their  mark  on  the  enamel 
membrane,  and  naturally  also  on  the  product  of  its  calciHcation,  the  enamel.  The 
transverse  elevations  of  the  latter  are  thus  of  precisely  the  same  nature  as  the  well- 
known  fine  strias  of  the  nails.  Moreover,  since  the  greater  part  of  the  enamel  is 
formed  before  the  enamel  jelly  has  disappeared,  and  therefore  at  a  time  when  the 
enamel  membrane  already  exhibits  the  impressions  of  the  i>apillfle,  we  may  reasonably 
refer  many  peculiarities  in  the  course  of  the  enamel  prisms,  especially  their  decus- 
sations, Bpind  course,  and  undulations,  as  well  as  their  optiad  characteristics,  to 
the  same  cause. 
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Dkntiue  AST)  Cement. — ^As  Dursy  (67)  maintained,  the  first  germ  of  the 
dentine  appears  in  the  dental  sacculus  as  a  dark  semi-lunar  area  at  the 
bottom  of  the  dental  groove — that  is  to  say,  of  the  enamel  germ — coe- 
taneously  and  continuously  with  which  it  is  developed  along  each  half  of  the 
jaw  (see  fig.  121).  At  certain  points  corresponding  to  the  position  of  the 
subsequent  teeth  the  young  structure  develops  in  the  form  of  papillfB  pro- 
jecting against  the  enamel  germ,  whilst  the  remainder  atrophies.  The  two 
horns  of  the  semi-lunar  mass  (seen  in  section)  extend,  from  the  base  of  the 
dental  papilla,  some  distance  upwards,  and  embrace  the  dentine  germ  and 
the  enamel  organ.  This  constitutes  the  first  trace  of  the  dental  saccylus^ 
which  at  this  period  consists  of  tissue  somewhat  richer  in  cells  and  vessels 
than  the  mucous  tissue  of  the  dental  groove.  The  dental  sacculi  are  only 
well  defined  at  the  earlier  periods  of  the  formation  of  the  tooth.  When  the 
process  of  development  is  more  advanced,  it  is  impossible  any  longer  to  dis- 
tinguish a  capsule-like  layer  of  connective  tissue  around  it.  Moreover  the 
dentine  germ  is  only  a  special  division  of  the  mucous  tissue  of  the  dental 
groove,  unusually  rich  in  vessels  and  cells.  After  it  has  attained  a  certain 
size,  the  odontoblasts  above  described  develop  from  the  cells  lying  at  the 
periphery,  and  we  soon  recognize  a  solid  shell  of  dentinal  bone  superimposed 
on  the  dentine  germ,  like  a  cap.  The  histological  formation  of  the  dentine 
is  precisely  similar  to  the  ordinary  process  of  ossification. 

Whilst  the  peripheric  portions  of  the  odontoblasts  constantly  undergo 
metamorphosis,  with  disappearance  of  their  nuclei,  into  a  gelatigenous  ma- 
trix which  subsequently  undergoes  calcification,  their  centric  portions  pene- 
trate the  hardened  mass  in  the  form  of  longer  or  shorter  threads,  and  rep- 
resent the  first  rudiments  of  the  dental  fibres.  The  lateral  processes  of  the 
odontoblasts  occasion  the  numerous  anastomoses  of  the  dental  fibres,  or  of 
the  dental  tubuli.  Every  odontoblast  communicates  with  the  more  deeply 
situated  and  successively  enlarging  cells  of  the  young  pulp  by  means  of  its 
pulp  process,  so  that  when  an  odontoblast  is  calcified  up  to  the  base  of  the 
fibre,  another  occurs  in  its  place  without  any  interruption  to  the  coi^tinuity 
of  the  fibre.  Hence  every  dental  fibre,  with  its  anastomoses,  must  be  re- 
garded as  formed  of  several  continuous  odontoblasts.  The  layers  of  matrix 
immediately  surroimding  the  fibres  undergo  conversion,  as  appears  from 
their  chemical  characters,  into  elastic  tissue,  and  form  the  dental  sheaths  of 
Neumann.  It  has  not  yet  been  ascertained  whether  they  also  undergo  cal- 
cification. Thiis  it  appears  tkcU  the  dentine,  with  aU  its  constituents,  pro- 
ceeds from  odontoblasts  thai  have  become  onetamfwrphosed  in  their  form  and 
chemical  composition. 

No  ftixther  detail  respecting  the  process  of  dentmificatlon  need  here  be  entered 
upon,  ainoe,  so  far  as  regards  the  osteoblasts,  it  presents  the  most  oomplete  analogy 
to  that  of  oflsification  (see  p.  108). 

This  analogy  is  still  more  close  in  regard  to  the  formation  of  the  cement, 
in  which  the  histological  processes  are  identical  with  tho£)e  of  intrarmem- 
branous  ossification.  The  matrix  of  the  cement  is  the  loose  myxomatous 
connective  tissue  of  the  dental  alveoli  which  immediately  surroimds  the 
teeth,  and  so  far  we  may  thus  consider  the  dental  sacculus  to  be  the  matrix 
of  the  cement.  A  special  cement  germ,  such  as  has  been  described  by 
Robin  and  Magitot  (46),  in  certain  species  of  animals,  as  in  the  Ruminants, 
Pachydermata,  etc.,  does  not,  according  to  my  observations,  exist.. 

In  RTiiynalft  with  succcssive  teeth,  as  Kolliker  (47)  has  demonstrated,  a 
process  is  found,  even  at  the  period  of  the  first  appearance  of  the  enamel 
organ  at  its  median  side,  which  is  either  given  off  from  the  neck  of  the 
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enamel  germ  or  from  a  still  deeper  part,  and  becomes  the  enamel  organ  of 
the  persistent  teeth  (see  fig.  122).  On  the  other  hand,  no  trace  of  a  den- 
tine germ  for  these  latter  teeth  is  at  this  period  visible. 

Herts  (62)  mentioiis  the  oocarrence  in  Beveral  pieparations  of  a  second  inflection  of 
the  oral  epitheliam  saperjaoent  to  the  enamel  germ  of  the  milk  teeth,  which  he  is 
inclined  to  regard  as  the  enamel  germ  of  the  perslBtent  teeth.  Nevertheless  there  is 
much  here  that  requires  elucidation,  especially  in  respect  to  the  formation  of  the 
three  molars  of  man,  which,  as  is  well  Imown,  are  not  preceded  by  milk  teeth. 

The  processes  occurring  in  second  dentition  have  been  yeiy  recently  minutely  in- 
yestigated  by  Kehrer  (56)  and  Lieberktihn  (57).  As  the  persistent  tooth  projects,  the 
alveolar  wall  dividing  it  from  the  milk  tooth  sacculus  undergoes  absorption,  and  with 
this  there  immediately  occurs  a  process  of  cell  proliferation  in  the  sacculus  of  the 
milk  tooth,  under  the  influence  of  which  the  fang,  with  the  formation  of  the  so-called 
Howship's  lacunas,  is  absorbed  as  far  as  the  crown.  The  young  granulations  in  the 
mean  while  take  the  place  of  the  fang  of  the  milk  tooth.  The  remains  of  the  pulp  of 
the  milk  tooth  unite  with  the  granulations  now  causing  erosion,  which,  however,  are 
themselves  compressed  by  the  growing  tooth,  that  pushes  the  remains  of  the  milk 
tooth  so  far  forward  that  it  ffdls  out.  No  obliteration  of  the  vessels  of  the  milk 
tooth  occurs.  The  true  mode  in  which  absorption  is  effected,  the  formation  of  the 
lacuna  of  Howship,  is  no  better  understood  here  than  in  the  case  of  the  absorption 
of  bone.  Kehrer  believes,  from  finding  chalk  gfranules  in  the  protoplasm  of  young 
cells,  that  the  amoeboid  cells  of  the  granulations  destroy  the  dental  tissue  by  a  kind 
of  mining  process,  effected  by  their  pseudopodla. 

The  Gubemaculum  of  the  second  set  of  teeth,  already  described  by  the  older  an- 
atomists, consists,  according  to  the  observations  of  Lieberkuhn,  only  of  a  cord  of 
connective  tissue,  which  traverses  the  alveolus  in  order  to  conduct  Uie  nerves  and 
bloodvessels  to  the  dental  sacculus.  It  has  no  relation  to  the  process  of  dentition 
itself. 

Our  knowledge  of  the  development  of  simple  teeth  consisting  only  of 
cement,  dentine,  and  probably  also  always  of  cuticle,  requires  revision. 
According  to  the  statements  of  Owen  (25),  these  neither  possess  an  enamel 
organ,  nor  form  a  closed  dental  sacculus.*  We  possess  no  accurate  infor- 
mation of  the  relations  of  the  oral  epithelium.  Probably  there  is  here,  as 
Leydig  (36)  describes  in  several  species,  as,  for  example,  in  the  Anguis 
fragiUs,  a  thin  covering  to  the  freely  pitxjecting  dental  papilla,  which  subse- 
quently becomes  the  homy  cuticle.  In  accordance  witJi  a  more  recent  in- 
vestigation of  Leydig  (62),  the  crowns  of  the  teeth,  which,  however,  have 
no  investing  enamel,  originate  in  Salamandra  maculosa,  in  several  dental 
sacculi  which  lie  at  the  bottom  of  the  "  epithelium  of  the  jaw."  The  fangs 
are  developed  from  the  subjacent  connective  tissue.  Leydig  considers  the 
substance  of  the  dental  crowns  to  be  a  cuticular  formation. 

The  simple  homy  teeth  do  not  differ  in  their  f ormatioD  from  the  ordinary  papillsB 
of  the  oral  mucous  membrane  possessing  a  strong  homy  investment.  Nothing  is  at 
present  known  of  the  mode  of  development  of  the  more  compound  forms  occurring 
in  Ornithorhyncus  and  others. 

Accurate  knowledge  of  the  dental  tissues,  and  of  their  development, 
commences  with  the  works  of  Purkyn6  and  his  scholars,  Fr&nkel  (13)  and 
Baschkow  (14).  Leeuwenhoek  (2)  had  indeed  previously  seen  the  dental 
canaliculi,  and,  like  J.  Hunter  (4),  had  recognized  the  cement  as  a  distinct 
substance,  the  discovery  of  which  is  ordinarily  attributed  to  Blake  (5)  and 
Tenon  (6) ;  still  it  is  only  from  the  time  of  Purkyn6  that  the  knowledge  of 
this  subject  has  become  common  property.     The  enamel  fibres  have  been 


*  Owen,  moreover,  daims  enamel  for  many  animals,  in  which  it  does  too  exist,  as, 
for  instance,  the  frog. 
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described  by  many  from  the  time  of  Malpighi.  Retzius  (19)  and  Hannover 
(39)  gave  the  most  accurate  description  of  the  structure  of  the  dentine  and 
enamel,  especially  with  regard  to  the  various  lines  and  markings  upon  and 
in  them,  and  the  course  of  the  canaliculi  and  enamel  fibres.  Nasmyth  (22) 
and  Erdl  (27)  first  described  the  cuticle,  and  Czermak  (33)  the  interglobu- 
lar substance.  We  are  indebted  to  E.  Neumann  (48)  for  the  demonstra- 
tion of  the  dental  sheaths,  and  to  F.  Boll  (59)  for  following  out  the  dental 
nerves  in  their  further  course.  In  recent  times.  Tomes  (29,  40)  has  most 
successfully  worked  at  the  finer  points  of  dental  structure,  and  by  demon- 
strating the  dental  fibres  first  opened  the  way  to  a  correct  interpretation  of 
the  nature  of  the  dentine;  previously  to  him,  as  by  J.  Miiller  (16)  and 
Lessing  (28),  the  dental  canaliculi  were  regarded  in  reference  to  their  con- 
tents precisely  in  the  same  light  as  the  lacunsa  of  bone.  Tomes  also  fur- 
nished numerous  and  valuable  contributions  to  the  comparative  anatomy  of 
the  teeth.  On  the  latter  subject,  however,  the  important  work  of  Owen 
(25)  constitutes  the  principal  authority,  but  those  of  Erdl,  Hannover,  Hux- 
ley (37),  Agassiz  (15),  F.  Muller,  and  Henle  (20)  may  also  be  enumei-ated. 
Amongst  the  points  in  the  histology  of  the  teeth  still  requiring  elucidation 
the  structure  of  the  enamel  and  the  final  terminations  of  the  dental  nerves 
deserve  to  be  mentioned.  If  we  except  the  works  of  Arnold  (12)  and 
Goodsir  (21)  (who,  however,  considerecl  that  the  teeth  originate  from  free 
papillss  at  the  bottom  of  an  open  dental  groove)  as  constituting  the  first 
comprehensive  investigations  towards  the  elucidation  of  the  genesis  of  these 
structures,  those  of  Marcusen  (31),  Huxley  (37),  and  Kolliker  (47,  58), 
have  proved  of  the  highest  value.  Marcusen  gave  the  minute  details  of 
the  primary  origin  of  the  teeth  quite  correctly,  and  referred  the  enamel  to 
the  oral  epithelium,  as  Huxley  also  has  always  maintained ;  and  Kolliker's 
accurate  investigations  have  placed  the  fact  beyond  doubt.  Purkyn6  and 
Easchkow  had  already  demonstrated  the  enamel  organ,  Schwann  (23)  the 
enamel  cells  and  odontoblasts,  and  Lent  (38)  and  Kolliker  (58)  the  dentinal 
processes  of  the  latter.  The  external  epithelium  has  likewise  been  correctly 
described  and  explained  by  Marcusen.  All  later  observers,  Nasmyth,  Hux- 
ley, Natalia,  Quillot  (44),  Todd  and  Bowman  (35),  Robin  and  Magitot  (46), 
notwithstanding  that  they  described  this  epithelium  with  great  minuteness, 
have  furnished  us  with  no  new  information  respecting  it.  Dursy  (67)  has 
followed  the  papillary  processes  of  the  dental  sacculus,  together  with  the 
intervening  depressions  of  the  external  epithelium  which  frequently  appear 
as  glandular  structures  belonging  to  the  latter,  as  far  as  the  enamel  germ, 
and  from  thence  on  to  the  papillae  of  the  maxillary  mucous  membrane.  To 
judge  from  his  description  and  illustrations,  Herissant  (3)  must  have  already 
seen  the  papillsB,  which  he  considered  to  be  glands  for  the  secretion  of 
enamel.  Their  importance  in  the  formation  of  enamel  has  not  been  suffi- 
ciently estimated.  Most  of  the  contested  points  await  their  elucidation 
from  an  accurate  knowledge  of  the  histogenesis  of  the  dentine  and  of  the 
enamel.  K5lliker  (58),  with  whom  Hertz  (52)  is  in  accordance,  so  far  as 
regards  the  dentine,  and  Kollmann  (67a),  in  regard  to  the  enamel,  still  con- 
aiders  both  substances  as  a  hardened  excretion  of  the  odontoblasts  or 
enamel  cells;  whilst  Tomes,  Hertz,  and  Wenzel  (66)  (in  the  continuously 
growing  incisors  of  Kodents),  in  regard  to  the  enamel,  and  Boll  recently  in 
regard  to  the  dentine,  agree  with  a  view  given  in  the  text.  Kollmann  ad- 
mits also  a  membranous  investment  to  the  free  ends  of  the  enamel  cells ; 
ibia  continuous  layer  forms  the  membrana  pr»fonnativa,  and  at  a  later 
period,  when  calcified,  the  cuticula  dentis. 

In  the  following  account  of  the  literature  of  the  subject,  besides  the  most 
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recent  works,  only  those  are  mentioned  which  have  given  either  extended 
and  complete  descriptions,  or  have  furnished  some  new  facts.  References 
to  the  older  literature  are  well  given  in  H6rissant,  Henle  (26)  and  Kobin, 
and  Magitot. 
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CHAPTER  XVI. 

THE   INTESTINAL   CANAL.* 

By  E.  KLEIN  AND  E.  VERSON. 
A.  Oral  Cavity,  by  E.  Klein. 

The  mucous  membrane  of  the  oral  cavity  in  man  begins  at  the  lips  as  a 
direct  continuation  of  the  outer  integument. 

Three  anatomically  different  partsf  can  be  distinguished  in  it :  a  cutane- 
ous, a  transitional,  and  a  muco-membranous  portion. 

The  transitional  portion  is  marked  off  from  the  cutaneous  portion  by  the 
outer  border  of  the  red  lips,  and  from  the  muco-membranous  portion  by 
the  most  prominent  part  of  the  convexity  of  the  lips,  so  that  when  the 
mouth  is  closed  the  red  visible  portion  of  the  lips  represents  the  transitional 
portion. 

The  cutaneous  portion  is  covered  by  a  thin  epidermis  consisting  of  one 
or  two  layei*s  of  flattened  epithelium  intimately  fused  with  one  another ; 
subjacent  to  this  is  a  thinner  mucous  layer,  in  which  are  small  rounded 
cells  containing  relatively  large  nuclei. 

The  cutis  internal  to  this  is  composed  of  fasciculi  of  fibres,  which  decus- 
sate with  one  another,  the  principal  ones  being  directed  towards  the  free 
border  of  the  lips.  The  fibres  which  form  these  fasciculi  consist,  for  the 
most  part,  of  fine  connective  tissue  fibres,  between  which  isolated  or  plexi- 
form  fibres  of  elastic  tissue  run. 

The  surface  of  the  cutis  directed  towards  the  epidermis  presents  rows  of 
cylindrical  or  conical  small  vascular  papillae  standing  in  tolei*ably  close 
proximity  with  one  another,  and  projecting  into  the  rete  mucosum  to  about 
half  its  thickness.  The  nervous  and  vascular  trunks  proceeding  from  the 
subcutaneous  tissue,  or  from  the  muco-membranous  and  transitional  por- 
tions, make  their  way  between  the  muscular  fasciculi,  and  curve  at  nearly 
right  angles  in  the  cutis.  Hairs  and  sebaceous  follicles  are  distributed  in 
moderate  number  at  nearly  equal  distances,  and  at  various  depths  in  the 
tissue.  The  hair  follicles  of  the  upper  lip  are  directed  obliquely  downwards 
at  their  base,  those  of  the  lower  lip  upwai'ds.  The  points  of  distinction 
between  the  transitional  and  the  cutaneous  portions  of  the  lips  are  the  ab- 
sence of  hair  follicles  and  sebaceous  glands  in  the  former ;  the  presence  of 
wedge-like  fasciculi  of  the  orbiculaiis  oris  in  it,  which  reach  nearly  to  the 
epithelium ;  the  much  greater  transparency  of  its  superficial  cells ;  the  ar- 
rangement of  its  morphological  elements  generally ;  and,  lastly,  its  far  more 
abundant  supply  of  blood-vessels. 

The  epithelium,  as  a  whole,  remains  at  a  short  distance  from  the  last 
hair  follicles,  as  deep  as  at  the  cutaneous  portion,  but  beyond  this  rapidly 

*  The  account  given  in  this  section  rests  on  investigations  which  the  anthors  have 
xmdertaken  in  my  laboratory  for  this  work. — S.  Stricker. 

t  E.  Klein,  Zur  Kenntniss  dea  Bau£s  der  Mundlippen  des  neugebomen  Kindea^ 
**  On  the  Structure  of  the  Oral  Lips  of  the  newly  bom  Child ;  "  Sitsungtberiehte  der  k, 
k.  Akadem.  der  Wissenechaften  in  Wien^  December  Heft,  l'868. 


Digitized  by 


Google 


OEAL  OAvrrr.  343 

increases  in  thickness.  The  superficial  cells  ore  much  flattened,  intimately 
fused  with  one  another,  and  without  apparent  nuclei ;  but  those  which  are 
rather  deeper,  though  still  tabular,  become  somewhat  elongated,  and  possess 
a  well-defined  and  usually  elongated  nucleus.  The  cells  of  the  middle 
layers  increase  as  they  are  "more  deeply  situated  in  their  vertical  diameter, 
and  become  proportionately  narrower,  with  round  nuclei ;  the  deepest  cells 
are  round,  with  relatively  large  spheroidal  or  irregularly  shaped  nuclei. 

The  chief  fibrous  layer  of  this  transitional  portion  is  composed  of  broad 
highly  refractile  fibres,  capable  of  resisting  the  action  of  acetic  acid,  and 
united  into  plexiform  fasciculi.  The  fasciculi  separate  from  .each  other  at 
many  points  to  permit  the  passage  of  the  horizontally  coursing  vascular 
trunks,  which  are  here  very  numerous. 

The  thickness  of  this  layer  is  least  where  the  hair  follicles  cease  ;  from 
this  point  it  gradually  increases,  and  is  thickest  at  the  commencement  of 
the  muco-membranous  portion.  Its  surface  is  beset  with  very  numerous 
thin  and  elongated  papillse,  which  are  frequently  clavate,  oblique  in  direc- 
tion, and  vascular. 

Between  the  fibrous  layer  and  the  submucous  tissue  of  the  muco-membra- 
nous portion,  and  near  the  commencement  of  the  latter,  are  situated  the  coro- 
nai7  artery  and  vein.  These  give  oif  larger  and  smaller  branches  to  form  a 
plexus  beneath  the  epithelium  from  which  the  vessels  for  the  supply  of  the 
papillse  arise. 

The  third  part  of  the  lip,  the  muco-membranous  portion,  possesses  an 
epithelium  that  far  exceeds  in  thickness  that  of  the  two  above-named  por- 
tions ;  but  if  this  be  followed  over  the  fold  of  the  lip,  it  will  be  found  again 
quickly  to  diminish.  It  presents  the  several  layers  characteristic  of  lami- 
nated flattened  epithelium ;  the  most  superficial  layers  consisting  of  flat^ 
tened  tubular  cells,  with  a  flattened  and  for  the  most  part  elongated,  though 
occasionally  spheroidal,  nucleus ;  subjacent  to  these  are  cells  that  at  first 
are  of  greater  breadth  than  depth,  but  become  in  the  deeper  layers  more 
and  more  polyhedric,  till  they  are  finally  succeeded  in  the  deepest  layers  by 
cells  which  are  arranged  in  the  form  of  palisades. 

Many  of  these  cells  are  ribbed,  or  exhibit  thorn-like  projections,  by  vir- 
tue of  which  they  are  connected  with  each  other  by  a  dentated  suture. 

The  tissue  of  the  mucous  layer  is  composed  of  finer  and  coarser  fibres. 
The  former  are  either  united  into  fiEisciculi,  or  run,  in  the  form  of  fine  iso- 
lated or  paired  elastic  fibres,  siimously  between  or  in  many  spiral  coils 
around  the  decussating  and  plexiform  fasciculi  Besides  these,  broad,  high- 
ly refractile,  strongly  looped  fibres  occur. 

Wherever  the  fibres  of  the  membrana  mucosa  pursue  any  definite  general 
direction,  it  is  horizontal,  and  directed  from  one  side  of  the  lip  to  the  other. 
Moreover,  numerous  fasciculi  pierce  the  muscular  layere  to  reach  the  sub- 
cutaneous tissue  of  the  transitional  portion.  Near  the  muscular  fasciculi 
the  tissue  undergoes  alteration,  becoming  less  dense,  and  the  mucous  mem- 
brane passes  into  submucous  tissue. 

The  membrana  mucosa  is  beset  with  conical,  usually  undivided,  but  occa- 
sionally bifid  or  trifid  papillie,  which  often,  coming  into  contact  at  their 
-wide  bases,  project  into  the  epithelium  ;  the  longest  of  these  (0*525 — 0*63 
of  a  millimeti-e  in  length)  are  situated  at  the  conmiencement  of  the  muco- 
membranous  portion  posteriorly;  coincidently  with  the  diminution  in  the 
thickness  of  the  epithelium  they  likewise  become  shorter,  and  do  not  exceed 
half  the  depth  of  the  epithelium. 

The  epithelial  cells  covering  the  papillsd  are  arranged  in  an  imbiicated  man- 
ner, and  are  much  flatter  than  the  cells  situated  on  the  same  level  between 
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the  papillsa.  Corresponding  to  the  first  two  or  three  rows  of  papilhe  situ- 
ated at  the  commencement  of  the  muco-membranous  portion,  the  epithelial 
surface  presents  a  small  elevation ;  and  in  newly  bom  children  the  papilla 
of  this  part  of  the  lip,  and  those  at  the  angles  of  the  mouth,  project  as  much 
as  one  millimetre  beyond  the  lower  plane  of  the  epithelium. 

The  glands  that  are  situated  in  the  submucous  tissue  of  the  muco-mem- 
branous portion  make  their  first  appearance  behind  the  most  prominent  por- 
tion of  the  convexity  of  the  lip,  and,  indeed,  at  that  point  where  the  epithe- 
lium begins  to  be  constant  in  thickness. 

They  constitute  acinous  glands  that  are  essentially  similar  to  the  salivary 
glands.  Our  knowledge,  however,  is  not  sufficiently  advanced  to  enable  us 
to  state  that  they  present  those  characteristics  of  the  salivary  glands  which 
have  been  the  subject  of  recent  investigation.  They  open  on  the  surface  of 
the  mucous  membrane  or  epithelium  by  means  of  small  excretory  ducts. 
Each  of  these  is  a  canal  bounded  by  a  structureless  membrane,  in  which  the 
laminss  of  tesselated  epithelium  only  extend  to  the  depth  of  the  epithelial 
layer  generally ;  beyond  this  it  is  lined  by  a  single  layer  of  cylindrical  epithe- 
lium. After  pursuing  a  spiral  course  obliquely  through  the  membrana  mu- 
cosa it  gives  off  numerous  branches,  which  frequently  divide  and  terminate 
in  the  individual  acini.  The  acini  belonging  to  a  large  branch  are  united 
into  a  lobule  by  the  fasciculi  of  the  submucous  connective  tissue,  and  these- 
again  are  formed  into  lobes.  The  fasciculi  and  fibres  which  limit  a  lobulus 
or  a  lobe,  and  in  the  meshes  of  which  the  several  acini  are  imbedded,  are 
continued  as  a  sheath  to  the  excretory  duct  in  its  passage  through  the 
mucous  membrane.  The  plexiform  tissue  composed  of  faficiculi  of  fine  con- 
nective tissue  fibres  belonging  to  the  submucous  layer,  and  which,  together 
with  delicate  frequently  coiled  elastic  fibres,  forms  the  framework  of 
the  gland,  is  at  the  same  time  the  support  of  small  nerves,  and  of  a  close 
system  of  capillaries  which  surround  the  acini. 

In  this  tiissue  there  lie,  partly  isolated  amongst  the  fine  fibres  of  the  con- 
nective tissue  fasciculi,  partly  accumulated  in  larger  numbers  near  and 
around  the  acini,  lymph  corpuscle-like  cells,  as  well  as  large,  coarsely 
granular,  irregularly  shaped  masses  of  protoplasm,  which  usually  contain  a 
small  micleus. 

Sebastian  *  counted  fifty-seven  glands  in  the  lower  lip  alone ;  in  other 
cases  there  were  thirteen  and  twenty-one  of  these  glands.  Their  diameter 
amounts  from  ^  to  1^  millimetre,  or  more  ^  and  as  a  rule  their  size  increases 
in  proportion  to  the  smallness  of  their  numbers  ;  they  are  largest  in  chil- 
dren, and  diminish  as  age  advances. 

In  the  lower  lip  of  the  child  f  they  are  arranged  in  four  or  five  consecu- 
tive rows.  Their  number  rarely  exceeds  three  in  the  upper  lip,  and  they 
are  altogether  absent  at  the  angles  of  the  mouth.^  I  find  that  in  the  child 
they  are  larger  in  the  lower  than  in  the  upper  lip.  Besides  the  glands, 
large  vessels  and  nerves  are  also  found  in  the  submucous  tissue  of  the 
muco-membranous  portion,  the  latter  for  the  most  part  running  in  a  verti- 
cal direction,  giving  off  smaller  branches  to  the  mucous  membrane,  which 
again  subdivide,  and  may  be  followed  to  the  immediate  vicinity  of  the  epi- 
thelium. 

The  nerves  of  the  papilliB  haye  not  been  accurately  investigated.     According  to 


•  Sebastian,  Redherches  ancUomt^ues,  phygMogiques,  pathohgiques^  et  semeMogiqties 
tUT  Us  Glands  LdbidUs,    Groningen  und  Bremen,  1842,  4to. 
\  E.  Klein,  loe.  dt. 
I  Henle,  8planchndk>gie^  p.  138. 
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W.  Exause,  the  So-called  teiminal  bulbs — stmciiiires  respecting  the  natnre  of  which 
there  is  still  some  donbt — are  f otmd  in  the  lips  of  many  MamxnaJs.  * 

Kolliker  f  has  obserred  in  the  papilla  of  the  lips,  but  only  of  that  part  which  is  visi- 
ble when  the  mouth  is  closed,  tactile  oorpusdes,  and  in  one  instance  he  found  nerve 
ooils  in  the  small  papillse,  and  at  the  bases  of  the  larger.  Gerlach  X  also  ascribes  tac- 
tile oorpuscles  to  the  papillse  of  the  borders  of  the  lips. 

The  fasciculi  of  the  musculus  sphincter  oris  are  intercalated  between  the 
submucous  tissue  of  the  muco-membranous  portion  and  the  subcutaneous 
tissue  of  the  cutaneous  portion.  According  to  C.  Langer,§  the  muscular 
fibres  of  each  side  have  ^ree  points  from  which  they  radiate  towards  the 
median  line,  namely,  the  angle  of  the  mouth,  and  the  two  musculi  inciaivi  ; 
from  the  angles  of  the  mouth  the  fibres  arranged  in  a  laminated  manner 
pass  to  the  lips,  one  portion  terminating  without  crossing  the  median  line 
in  the  cutis  of  its  own  side,  another  passing  beyond  this  to  terminate  in  the 
skin  of  the  lip  on  the  other  side,  and,  finally,  a  portion  of  the  fibres  attach- 
ing themselves  to  the  incisor  processes  of  the  bones  on  the  same  side. 
Moreover,  according  to  Langer,  the  fibres  of  the  sphincter  penetrating  the 
cutis  lose  themselves  amongst  its  plexiform  fibres.  Woodbam  Webb  |  has 
likewise,  some  time  ago,  demonstrated  the  presence  of  transversely  striated 
muscles  in  the  lips  of  Man,  from  which  extremely  delicate  fasciculi  extend 
into  the  papillse  of  the  cutis,  and  are  there  lost.  It  may  be  shown  by  care- 
fully made  sections  that  a  portion  of  the  muscular  fibres  which  Langer  and 
Woodham  "Webb  considered  to  penetrate  the  cutis  belongs  to  a  peculiar 
system  of  muscular  fibres  (compressor  labii)  which  arise  in  the  spaces  inter- 
vening between  the  first  5 — 7  consecutive  rows  of  hair  follicles,  arrange 
themselves  in  the  subcutaneous  tissue  in  four  or  five  feisciculi,  traverse, 
forming  slight  curves,  the  fasciculi  of  the  sphincter,  and  at  their  entrance 
into  the  muco-membranous  portion,  that  is  to  say,  into  the  submucous 
layer  of  this  portion,  every  two  or  three  fiasciculi  decussate  alternately,  in 
order  finally  to  penetrate  the  mucous  membrane  itself  in  a  fan-like  manner, 
or,  more  rarely,  to  enter  its  transitional  portion. 

The  several  muscular  fibres,  both  of  the  muco-membranous  portion  as 
well  as  of  the  cuticular  portion,  may  be  followed  into  close  proximity  with 
the  epithelium,  or  to  the  base  of  the  papillsB.  The  sarcolemma  is  continued 
for  a  short  distance  between  the  fibres  of  the  membrana  mucosa,  or  of  the 
cutis,  in  the  form  of  delicate  fibres.  In  the  cutaneous  portions  the  muscu- 
lar fibres  partially  decussate  at  the  base  of  a  hair  follicle,  whilst  elsewhere 
they  may  be  followed  on  the  wall  of  the  hair  follicle  to  near  the  rete  mu- 
cosum. 

Tliis  muscle  in  the  lower  lip  is  more  strongly  developed  near  the  middle 
line  than  at  the  sides ;  but  in  the  upper  lip,  in  which  it  is  usually  more 
feebly  marked,  the  opposite  obtains.  Laterally  the  fibres  are  directed  radi- 
ally towards  the  oral  opening,  and  the  area  embraced  by  its  origin  and 
insertion  is  larger. 

At  the  angles  of  the  mouth  the  mucous  membrane  rests  upon  the  inner 
sur&ce  of  the  buccinator,  and  extends,  as  the  mucous  membrane  of  the 

*  W.  Erause,  Die  terminaim  KSrperchen.    Hannover,  1860. 

iZeUKhrift  fm  wissenMhafUiche  Zociogie^  Band  iv.,  Heft  i.  p.  48. 
Hcmdlnush  der  aUgemdnen  und  speeieUen  Gewebdehre  des  meMehUohen  Kdrpen, 
Mainz,  2.  Aufl. 

§  Ueber  dm  Mnsculvs  orhiculark  oris,  Winner  Medidniache  Jdhrbacher,  Heft  ii. ; 
und  Zeit»^rift  der  GeseOachaft  der  Aerzte.    Wien,  1861. 

J*'  On  Striated  Muscular  Fibres  in  the  Skin  of  the  Human  Lip/^  Quarterly  Jour- 
of  Medical  Soience.    London,  1857,  January,  Vol.  v.,  p.  89,  plate  vii,  fig.  16. 
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cheeks,  as  far  back  as  to  the  anterior  border  of  the  vertical  ramus  of  the  low- 
er jaw,  without  presenting  any  important  variation  in  its  structure.  Its 
epithelium  is  of  the  same  thickness  and  structure  as  that  already  de- 
scribed as  covering  the  muco-membranous  portion,  except  that  the  number 
of  ribbed  cells  in  the  middle  layers  of  the  mucous  membrane  of  the  cheeks 
is  much  greater  than  that  of  the  lips. 

The  form  of  the  papillae  which  project  from  the  Memb.  mucosa  into  the 
epithelium  is  irregular ;  they  are  often  conical,  with  elongated  apices,  or 
with  their  points  prolonged  in  a  filiform  manner.  At  their  bases  they  are 
relatively  broad.  Their  height  varies,  sometimes  amounting  to  half  the 
depth  of  the  epithelium,  sometimes  scarcely  exceeding  its  lower  boundary  line. 
The  Memb.  mucosa  is  most  dense  beneath  the  epithelium,  and  in  it  the  same 
arrangement  of  the  elements  may  be  recognized  as  in  that  of  the  lips.  Towards 
the  buccinator  muscle  it  becomes  more  loose.  Its  fasciculi  stand  in  the  same 
connection  with  those  of  the  subcutaneous  tissue  as  in  the  case  of  the  lips. 

The  glands  of  the  mucous  membrane  of  the  cheeks  (Glandules  buccales) 
are  thinly  scattered,  and  ai*e  only  to  be  found  at  considerable  distances  from 
each  other ;  near  the  point  where  Steno's  duct  opens  they  also  form  a  series 
of  glands  known  as  the  glandules  molares.*  According  to  Ward,  they  are 
from  two  to  four  in  number,  are  situated  between  the  masseter  and  bucci- 
nator muscles,  and  are  larger  and  composed  of  more  lobules  than  the 
remaining  glands  of  the  oral  mucous  membrane. 

At  the  point  where  the  lips  are  reflected  upon  the  anterior  surface  of  the 
jaws,  the  mucous  membrane  at  the  middle  line,  both  above  and  below,  forms 
a  small  duplicature,  termed  the  frcenum. 

The  epithelium  of  the  mucous  membrane  is  here  thinner  than  elsewhere ; 
the  papillsd  are  also  smaller  and  less  numerous ;  the  mucosa  itself  is  not  dis- 
tinguishable. The  vessels  are  relatively  numerous,  and.  it  contains  a  con- 
siderable number  of  fine  irregularly  coui*sing  elastic  fibres. 

That  portion  of  the  mucous  membrane  which  covers  the  alveolar  processes 
of  the  jaw,  and  surrounds  the  necks  of  the  teeth,  passing  anteriorly  into  the 
mucous  membrane  of  the  lips,  posteriorly  at  the  root  of  the  oral  cavity  into 
that  of  the  hard  palate,  and  below  into  that  of  the  floor  of  the  mouth,  is 
named  the  gu7a  (Gingiva). 

The  gum,  on  account  of  the  abundance  of  tendinous  fasciculi  it  contains, 
is  denser  and  tougher  than  the  mucous  membrane  of  any  other  part  of  the 
mouth ;  it  is  intimately  adherent  to  the  bone  in  consequence  of  the  direct 
prolongation  of  the  tendinous  £a£ciculi  of  the  periosteum  into  the  mucosa. 

The  epithelium  of  the  gum  is  composed  of  laminss  of  tesselated  cells, 
amongst  which  are  exceedingly  well-marked  ribbed  cells.  The  superficial 
cells  are  strongly  flattened  ;  those  more  deeply  situated  become  thicker,  and 
possess  strongly  defined  ribs.  The  deepest  cells  are  cylindrical,  with  conical 
external  extremities. 

The  papUlce  of  the  mucosa  of  the  gum  are  all  relatively  broad  at  their 
bases,  of  unequal  height,  with  conical  or  rounded  external  extremities, 
which  are  sometimes  simple  and  sometimes  divided. 

The  tissue  of  the  mucosa  is  tough,  and  is  composed  of  broad  fasciculi  of 
connective  tissue,  the  fibres  of  which  run  in  a  straight  direction.  It  also 
contains  a  not  inconsiderable  number  of  finer  or  coarser  closely  coiled  fibres. 
In  the  mucous  membrane  of  the  gum,  three  separate  fibrous  layers  may  be 
distinguished :    a.  Fasciculi  of  fibres  which  run  in  a  horizontal  direction 

•  N.  Ward,  art.  *  *  Salivary  Glands,"  in  Todd's  Cydopadia  of  Anatomy  and  PhynoUh 
^,  Vol.  ii.,p.423. 
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from  right  to  left  parallel  to  the  surface,  and  then  break  up  into  smaller  fas- 
ciculi thaty  after  frequently  decussating,  reunite  into  coarser  bundles ;  these 
predominate  on  the  anterior  surface  of  the  alveolar  process  over  the  two 
foUowing  sets  of  fibres.  6.  Fasciculi  which,  proceeding  from  the  periosteum 
of  the  alveolus,  cohere  in  large  bundles,  and  immediately  again  break  up  in 
a  fim-like  manner,  whilst  coursing  towards  the  epithelium,  either  from  be- 
fore backwards  or  from  behind  forwards.  On  approximating  the  epithelium, 
the  smaller  fasciculi  break  up  into  isolated  fibres,  which,  running  apparently 
between  the  cells,  peneti*ate  the  deepest  epithelial  layers,  c.  Lastly,  there 
ire  faKciculi  which  run  in  a  vertical  direction  from  above  downwards,  or 
from  below  upwards,  and  in  other  respects  resemble  those  described 
under  a. 

At  the  posterior  part  of  the  gum  of  the  upper  jaw,  where  this  passes  into 
the  mucous  membrane  of  the  hard  palate,  all  three  sets  of  fibres  frquently 
decussate. 

The  nerves  of  the  mucous  layer  of  the  gum  are  not  numerous. 

The  mucous  membrane  of  the  hard  palate  presents  many  differences  in 
structure  from  that  of  the  gum.  The  laminated  pavement  epithelium,  which 
at  firet  is  thinner  than  that  on  the  gum,  gradually  increases  in  depth  pos- 
teriorly. The  number  of  ribbed  cells  contained  in  its  middle  layers  varies 
at  different  points.  The  papillss  of  the  mucous  membrane  projecting  into 
the  epithelium  are  not  nearly  so  numerous  at  the  commencement  of  the 
bard  palate  as  on  the  gums.  The  median  papiUaa,  especially  near  the  fora- 
men incisivum,  are  frequently  observed,  through  tracts  of  considerable  ex- 
tent, to  be  indicated  only  by  sparingly  distributed  slight  depressions  of  the 
deep  surface  of  the  epithelium.  Posteriorly  the  papillae  increase  somewhat 
in  number  and  height,  although  even  in  some  parts  of  the  posterior  third  of 
the  hard  palate  they  are  not  much  larger  than  quite  anteriorly. 

The  mucous  layer  subjacent  to  the  epithelium  is  thinnest  over  the  ante- 
rior third  of  the  median  line ;  more  externally  it  is  generally  thicker,  attain- 
ing its  maximum  posteriorly. 

The  fasciculi,  as  a  general  rule,  run  as  if  they  radiated  from  the  arch  of 
the  alveolus  of  the  upper  jaw  towards  the  median  line  of  the  hard  palate.  In 
the  anterior  p«rt  of  the  mucous  membrane,  consequently,  they  run  from 
before  backwards,  but  more  posteriorly  from  side  to  side. 

Their  constituent  elements  consist  anteriorly,  for  the  most  part,  of  broad 
fibres,  which  form  a  close  plexus  beneath  the  epithelium ;  but  at  a  plane 
lomewhat  deeper  there  is  a  loose  network  of  connective  tissue,  constituting 
a  submaoous  layer,  the  fibres  of  which  are  more  densely  matted  as  they 
approach  the  bone,  and  finally  become  continuous  with  the  periosteum.  In 
the  middle  and  posterior  thirds  the  mucous  membrane  beneath  the  epithe- 
lium is  looser  in  texture,  but  at  a  deeper  level  the  fasciculi  of  connective  tis- 
sue are  woven  into  a  compact  felt,  and  separate  in  tiie  submucous  tissue 
from  one  another  to  form  meshes  of  variable  size.  Laterally  the  submucous 
tissue  contains  £at  cells  which  are  most  abundant  in  the  middle  third. 

The  vessels  and  nerves  run  in  the  submucous  tissue  of  the  middle  line  and 
lateral  portions  of  the  anterior  third,  the  former  pursuing  for  the  most  part 
a  longitudinal,  the  latter  a  transverse  direction.  The  more  externally  the 
ptrt  examined  is  situated,  the  more  numerous  are  the  nerves,  the  small 
branches  of  which  form  arches  in  the  mucosa.  In  the  middle  part  of  the 
hard  palate,  and  in  the  first  instance  laterally,  acinous  glands  occur  in  the 
aubmocoas  tissue,  which  are  isolated  in  front,  but  subsequently  grouped 
either  into  a  single  or  (towards  the  posterior  and  external  portion  of  the 


Digitized  by 


Google 


348  THE  INTESTINAL  OANAL. 

middle  third)  into  two  longitudinal  rows.  Szontagh  counted  250  glands  in 
the  hard  palate.* 

After  the  mucous  membrane  of  the  oral  cavity  has  covered  the  hard 
palate,  it  forms  posteriorly  a  muscular  fold,  the  velum  pcd€Ui,  or  soft  palate, 
which  presents  in  man  a  conical  median  prolongation,  the  uwla,  and  is 
also  continuous  with  the  mucous  membrane  of  the  nasal  passages.  The 
mucous  membrane  of  the  soft  palate  is  continued  laterally  and  downwards 
as  the  arcus  palato-glossus  into  that  of  the  root  of  the  tongue,  and  as  the 
arcus  palato-pharyngeus  into  that  of  the  pharynx. 

In  newly  bom  children  the  apex  of  the  uvula  and  the  immediately  adjoining 
parts  are  covered  with  tesselated  epithelium,  whilst  the  posterior  or  upper  sur- 
face is  invested  with  a  laminated  cylindrical  and  ciliated  epithelium.  The 
most  superficial  cells  are  here  beset  with  short  hair-like  processes,  present  a 
conical  form,  with  the  apices  directed  away  from  the  surface,  and  contain 
roxmded  or  laterally  flattened  nuclei;  subjacent  to  these  are  fusiform  or 
elongated  oval  cells,  and  still  deeper  lie  others  that  are  flattened  at  the  sides 
by  mutual  pressure. 

The  transition  of  laminated  pavement  epithelium  into  laminated  cylindri- 
cal and  ciliated  epithelium  is  effected  by  a  diminution  in  the  number  of  the 
middle  layers  of  the  cells,  which  are  not  arranged  as  before,  with  their 
shortest  diiameter  perpendicular,  but  parallel  to  the  surface ;  and  by  the  dis- 
appearance of  the  most  superficial  flattened  cells,  which  are  replaced  by 
cylinder  cells,  that  increase  in  number  in  proportion  to  their  distance  firom 
the  apex  of  the  uvula. 

On  the  posterior  sur&ce  of  the  uvula  and  of  the  soft  palate  of  the  new- 
bom  infant  there  may  moreover  be  found  numerous  isolated  areas,  present- 
ing well-developed  pavement  epithelium,  as  well  as  transitional  forms  be- 
tween the  laminated  cylinder  and  pavement  epithelium.  In  adults  f  a  lami- 
nated pavement  epithelium  exists  both  on  the  anterior  and  on  the  posterior 
or  superior  surfaces  of  the  uvtda  and  soft  palate,  and  this  may  be  divided 
into  two  layers,  of  which  the  cells  forming  the  deeper  are  smaller  than  those 
of  the  superficial. 

The  tissue  of  the  mucous  membrane  contains  fasciculi  of  connective  tissue, 
pmd  a  considerable  quantity  of  coiled  elastic  fibres  of  various  size  united 
into  plexuses.  The  part  situated  immediately  beneath  the  epithelium,  is 
much  closer  in  textura  than  that  which  is  deeper,  and  forms  the  submucous 
tissue  in  which  the  glands  and  muscles  are  found.  The  fasciculi  of  connec- 
tive tissue  found  in  the  velum  palati  and  uvula  may  be  considered  to  run  in 
three  directions :  the  first  of  these,  for  the  most  part  lying  externally,  run 
horizontally  and  from  side  to  side ;  the  second  longitudinally ;  and  these 
two  sets  form  the  felt  of  the  mucosa ;  lastly,  there  is  a  third  set,  which, 
emanating  from  the  first  two,  runs  from  the  mucosa  in  an  obliquely  diver- 
gent manner  into  the  deeper  parts,  in  order  to  enter  the  mucosa  of  the  op- 
posite side.  These  last-mentioned  fibres  form,  by  their  decussation,  the 
loose  network  of  the  submucous  tissue  of  the  soft  palate  and  uvula,  which, 
as  usual,  contains  a  variable  quantity  of  fine  elastic  fibres,  small  lymph  cor- 
puscles, and  large  connective  tissue  corpuscles,  with  numerous  vessels  and 
nerves.     In  the  soft  palate  and  uvula  of  the  adult  there  project  from  the 

*  Szontagh,  Beitrdge  eur  fein&ren  AnatorrUe  des  mennehUchen  Oaumena^  *^  Essays  on 
the  Minute  Anatomy  of  the  Hard  Palate  in  Man ;  '*  SiUsungsberie/Ue  der  k.  k,  Akademie 
der  Wissenschaft.  m  Wien.     Mara  Heft,  1866. 

t  E.  Klein,  Ueber  das  Epithd  dea  Weichen  Gcmnes^  etc.,  "On  the  Epithelium  of 
the  Soft  Palate,*'  etc. ;  Wiener  SUmtigaberichte  der  k,  k,  Akademie  der  WmeneehafL 
9U  Wien,  Janoar  Heft,  1868. 
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Biirfaoe  of  the  mucous  membrane  into  the  epithelial  layer  conical  or  cylin- 
drical papillsB  with  rounded  extremities.  These  papillas  are  much  larger 
and  more  numerous  on  the  uvula  than  on  the  soft  palate.  (In  one  trans- 
verse section  of  the  uvula  of  an  adult  I  counted  130  in  a  single  plane.) 

In  the  velum  palati  of  the  new-bom  infant  the  relations  of  these  parts 
are  somewhat  d^erent.  In  such  I  find  no  papillss  on  the  upper  surface, 
but  the  vessels  advance  as  far  as  the  epithelium,  and  there  loop  back,  or 
course  for  some  distance  immediately  beneath  the  epithelium.  On  the  inferior 
surface  again  we  find  similarly  looped  vessels  forming  broad  and  flat  arcades, 
especially  in  longitudinal  sections,  immediately  subjacent  to  the  deeper  sur- 
face of  the  epithelium,  or  a  bloodvessel  with  a  little  mucous  tissue  may 
project  into  the  inferior  layer  of  the  epithelial  cells.  These  appearances 
may  be  remarkably  well  seen  at  the  borders  of  the  folds.  Two  or  three 
branches  may  there  be  seen  to  be  given  off  from  a  larger  vessel,  and,  ac- 
companied by  a  little  fibrous  tissue,  to  penetrate  between  the  epithelial 
cells.  At  the  most  prominent  portion  of  the  folds  two  or  three  pointed  pa- 
pilljB  appear  of  equal  breadth  but  variable  length.  The  mucous  membrane 
of  the  velum  palati  is  extraordinarily  rich  in  vessels.  Just  beneath  the 
epithelium,  as  well  as  in  the  deeper  layers  of  the  mucosa,  besides  numerous 
extremely  thin-walled  bloodvessels,  there  are  numerous  lymph  channels, 
both  in  the  form  of  larger  lymphatic  lacunas  and  of  lymphatic  vessels.  The 
larger  nerve  trunks  lying  externally  to  the  first  rows  of  glands,  the  number 
of  which  is  much  more  considerable  at  the  anterior  than  at  the  posterior 
sur&ce,  give  off  fine  branches,  which  run  both  internally  into  the  submucous 
tissue  as  well  as  externally  into  the  mucosa,  where  they  may  be  followed  in 
the  former  instance  between  the  glands  and  the  muscles,  in  the  latter  as  far 
as  the  epithelium. 

The  tiiickness  of  the  mucosa  is  variable,  and  depends  on  the  size  and 
number  of  the  glands.  In  general  the  thickness  of  the  mucous  membrane 
increases  from  the  conmiencement  of  the  hard  palate  towards  the  point  of 
the  uvula,  and  it  is  always  somewhat  thicker  on  the  upper  surface  than  on 
the  lower. 

The  acinous  mucous  glands  of  the  soft  palate  are  situated,  as  has  been 
noted  above,  in  the  submucous  tissue.  Their  size  varies,  and  the  largest 
are  found  in  the  uvula.  Szontagh*  counted  one  hundred  of  them  on  the 
anterior  surface  of  the  soft  palate,  forty  on  the  posterior  surface,  and  twelve 
on  the  uvula.  In  the  last-named  situation  they  become  larger,  and  form  in 
its  upper  half,  or  basis,  a  central  layer,  which,  however,  is  somewhat  nearer 
to  the  anterior  surface  than  to  the  posterior,  and  is  sometimes  invested  by 
the  fesciculi  of  the  azygos  uvube,  and  at  others  is  intercalated  between  the 
two  muscles. 

The  excretory  ducts  vary  in  their  width,  in  the  nature  of  their  coats,  and 
in  their  direction.  At  the  posterior  surface  of  the  uvula  in  adults  we  find 
excretory  ducts  which  become  wider  near  their  orifice ;  but  the  opposite 
obtains  in  the  ducts  opening  on  the  upper  and  lower  surfaces  of  iSie  soft 
palate.  The  direction  pursued  by  the  excretory  ducts  is  very  rarely  recti- 
linear; the  greater  number,  after  they  have  received  all  their  tributary 
branches,  run  from  the  deepest  part  of  the  mucosa  perpendicularly  towards 
the  epithelium,  then  turn  off  at  an  angle,  and  course  obliquely  towards  the 
free  surface  of  the  epithelium.  They  are  for  the  most  part  lined  with  a 
simple  cylindrical  epithelium;  in  other  instances,  but  less  frequently,  be- 
neath the  cylindrical  cells  a  second  layer  of  small  round  cells  is  found,  and 
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at  the  posterior  surface  of  the  soft  palate  the  excretory  ducts  of  a  few  glands 
exhibit,  even  in  the  adult,  for  a  short  distance  from  the  epithelial  surface,  a 
lining  of  ciliated  cylindrical  cells.*  The  laminated  pavement  epithelium  of 
the  surface  may  in  some  cases  be  followed  for  a  short  distance  as  a  lining  to 
the  excretory  ducts  of  the  glands. 

Fig.  125. 


Fig.  125.  Longitudinal  section  of  the  soft  palate  of  a  Child,  a  a,  ciliated  epithe- 
lium ;  b  b,  mucous  membrane  of  the  upper  surface ;  e,  glands ;  d  d^  muscular  fibres 
of  the  thyreo-palatinus ;  e  e^  muscular  fibres  of  the  levator  palati;  /,  mucous  mem- 
brane of  the  lower  surface ;  Qy  epithelium  of  the  lower  surface. 

The  course  and  arrangement  of  the  muscles  in  the  soft  palate  are  highly 
complicated.  The  only  true  longitudinal  muscle  contained  in  it  is  the  azy- 
gos  UYulsB,  or  palato-staphylinus,  a  double  muscle,  the  two  portions  of  which 
arise  at  the  fibrous  border  of  the  hard  palate,  and  are  situated  on  eitlier  side 
of  the  median  line.     In  the  anterior  part  of  the  soft  palate  the  two  portions 

•  E.  Klein,  loe.  dt 
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are  distant  from  each  other  about  their  own  diameter,*  but  near  the  base  of 
the  uvula  they  are  in  close  proximity.  They  do  not  quite  extend  to  the 
apex,  but  terminate  at  about  the  end  of  the  second  third,  the  fasciculi  be- 
coming fan-shaped  anteriorly,  and  expanding  to  the  greatest  extent  at  the 
sides,  consequently  corresponding  in  theii*  course,  and  terminating  in  the 
same  mode  as  has  been  described  in  speaking  of  the  muscles  of  the  lips.  In 
their  passage  through  the  soft  palate,  several  small  fasciculi  are  given  off 
from  the  principal  mass,  which,  traversing  the  lobules  of  the  glands,  and 
surrounding  them,  rejoin  it,  or  dip  into  the  mucous  membrane,  especially  at 
its  anterior  sur&ce,  and  terminate  in  the  mode  described. 

The  Musculus  thyreo-pharyngo-palatinus  f  constitutes  the  chief  muscular 
mass  of  the  soft  palate.  It  is  divisible,  according  to  Luschka,  into  a  thyreo- 
palatine  and  a  phaiyngo-palatine  portion.  The  upper  extremity  of  the  for- 
mer Hes  partly  in  front  of  and  partly  behind  the  Levatores,  decussating 
with  them  to  some  extent.  The  greater  number  of  the  fibres  of  the  pars 
thyreo-palatina  lie  in  front  of  the  Levatores,  and  form  a  curved  flattened 
muscle,  with  a  maximum  breadth  of  nine  millimetres,  which  is  situated* 
nearer  to  the  haixl  palate  than  the  arch  formed  by  the  junction  of  the  two 
Levatores  by  about  the  breadth  of  this  arch.  The  convex  border  of  this 
portion  is  continuous  with  the  fibrous  border  of  the  hard  palate  or  aponeu- 
roais  of  the  tensor  veli  palati,  whilst  its  concave  border  is  turned  towards 
the  similar  concave  border  of  the  arch  formed  by  the  Levatores. 

The  other  fibres  of  the  upper  extremity  of  this  pars  thyreo-palatina,  situ- 
ated behind  the  Levatores,  form  in  the  adult  several  loosely  connected  fas- 
dcol],  much  interrupted  by  fat  cells,  which,  becoming  more  and  more  deli- 
cate towards  the  free  border  of  the  soft  palate,  course  partly  in  front  of  the 
azygos  uvula  between  the  glands  of  the  anterior  surface,  and  partly  over  or 
hehind  it  between  the  glands  of  the  posterior  surface,  either  ending  here  or 
extending  to  the  mucous  membrane.  The  thyreo-palatine  portion  of  the 
mascle  just  described  receives  reinforcing  fibres  from  the  Levatores  ;  J  and 
a  fasciculus  is  constantly  given  off  laterally  from  these  where  they  unite  to 
form  an  arch,  which,  subdividing,  runs  in  front  of  the  azygos  to  the  opposite 
aide,  and  there  joins  the  innermost  bundles  of  the  pars  thyreo-palatina. 
The  whole  of  these  fibres  run  outwards  and  downwards,  descending  with 
the  arcus  phai-yngo-palatinus,  and  are  partly  inserted  in  the  upper  angle  of 
the  thyroid  cartilage,  and  are  partly  united  with  the  pars  pharyngo-palati- 
na,  forming  the  posterior  wall  of  the  pharynx.  The  pars  pharyngo-pala- 
tina  arises  near  the  arcuate  extremity  of  the  pars  thyreo-palatina,  and  the 
two  unite  together  in  the  arcus  pharyngo-palatinus,  and  pass  to  the  posterior 
wall  of  the  pharynx.  Besides  what  has  been  already  stated  respecting  the 
Levatores  veli  palati,  it  still  remains  to  be  observed  that  the  arcuate  junc- 
tion of  these  two  muscles  is  situated  in  front  of  the  azygos  uvid»,  and  in 
the  anterior  half  of  the  soft  palate. 

Finally,  there  is  a  small  muscular  fasciculus  which  arises  from  the  trans- 
verse fibi-es  of  the  tongue,  and  runs  in  the  anterior  arcus  glosso-palatinus 
towards  the  base  of  the  uvula,  where  it  is  partly  lost  in  the  mucous  mem- 
Invie  of  its  anterior  surface,  and  partly  unites  with  the  ultimate  bundles  of 
the  thyreo-palatinus. 

The  several  fasciculi  of  the  palatal  muscles,  like  those  of  the  tongue  and 
tips,  form  a  delicate  plexus.     A  considerable  quantity  of  adipose  tissue 

*  Siontagh,  loe.  eit. 

t  Lnscfaka,  Der  Miuculus  pharmiffo-pakUiinusdealfensehm.  Yirchow^s  AreMv,  Band 
xlB.,  p.  480. 
Xhuacbikak,loe.eU.,p,  488. 
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generally  enters  into  the  structure  of  the  palate  in  adults,  being  chiefly 
found  between  the  fasciculi  of  the  thyreo-palatinus  and  the  levator  palati. 
It  also  constantly  occurs  between  the  fi[rst  layer  of  glands  of  the  upper 
surface,  and  is  to  be  met  with,  in  larger  or  smaller  quantity,  in  various 
parts  of  the  mucous  membrane. 

The  muscular  folds  of  the  mucous  membrane  which  extend  as  the  arcus 
glosso-palatinus  and  pharyngo-palatinus,  from  the  soft  palate  to  the  root  of 
the  tongue  and  pharyngeal  wall,  exhibit  no  peculiarity  of  structure  differing 
from  that  of  the  mucous  membrane  of  the  soft  palate ;  the  epithelium,  papil- 
IsB,  and  muco-membranous  tissue  being  in  all  essential  respects  similar. 
Elastic  tissue,  forming  plexuses,  is  usually  abundant  in  the  mucous  mem- 
brane of  these  folds,  llie  lowermost  glands  diminish  in  number  and  size  in 
adults,  present  the  same  dimensions  as  those  of  the  uvula,  and  are  imited 
into  a  layer,  the  continuity  of  which  is  interrupted  by  a  sparing  amoimt  of 
loose  connective  tissue  containing  fat  cells  surroimding  the  lobules  and  acini, 
and  here  and  there  by  small  muscular  fasciculi  The  tissue  of  the  mucous 
'!membrane  is  frequently  infiltrated  at  the  free  border  of  the  folds  with  a 
greater  or  less  number  of  lymph  corpuscles.  These  infiltrated  portions,  in 
which  may  be  recognized,  besides  numerous  bloodvessels,  a  delicate  cellular 
network  with  decussating  fibres  of  connective  tissue,  are  never  sharply  de- 
fined, but  pass  gradually  into  the  adjoining  tissue. 

Between  the  palatine  arches  the  lateral  walls  of  this  part  of  the  oral  cav- 
ity, known  as  the  Isthmus  faucium,  present  a  depression ;  from  the  bottom 
projects  a  swelling — the  tonsil,  which  is  sometimes  so  small  in  newly  bom 
children  as  to  be  scarcely  perceptible  on  inspection  of  the  oral  cavity  from 
before,  and  is  sometimes  so  large  that  the  two  organs  materially  contract  the 
dimensions  of  the  isthmus.  Their  surface  is  lobulated  by  fissures  of  various 
depths  and  complexity.  The  whole  organ  is  to  be  regarded  as  a  thickened 
portion  of  the  mucous  membrane,  presenting  a  lobulated  surface,  the  proper 
membrana  mucosa  of  which  constitutes  a  kind  of  conglobate  gland  substance 
(Henle),  consisting  partly  of  fibrous,  and  partly  of  adenoid  tissue,  in  the 
meshes  of  which  numerous  lymph  corpuscles  are  contained.  The  epithelium 
is  here  tesselated  and  laminated ;  papillsa  can  scarcely  be  said  to  be  present. 
Beneath  the  epithelium  is  a  close  plexus  of  vessels,  and  the  infiltrated  mu- 
cosa is  divided  into  portions  resembling  Peyer's  patches  by  means  of  connec- 
tive tissue  cords  proceeding  from  the  submucous  tissue.  Acinous  glands  are 
distributed  in  the  submucous  tissue,  and  they  are  in  contact  externally  with 
the  muscular  tissue  of  the  pharynx. 

The  Tongue. 

That  surface  of  the  tongue  in  Man  which  is  directed  towards  the  palate — 
dorsum  of  the  tongue— presents  different  characters  from  the  lower  surface ; 
for  in  the  former  the  papillary  elevations  of  the  mucosa  covered  with  tessel- 
lated epithelium  project  to  a  considerable  extent,  and  confer  upon  it  its  pecu- 
liar furred  appearance ;  whilst  on  the  lower  surface  the  papills  of  the  mucous 
membrane  do  not  in  general  project  more  than  to  half  the  thickness  of  the 
epithelium.  The  surface  of  the  descending  portion  of  the  tongue  in  the  newly 
bom  child,  again,  presents  different  features  from  that  of  the  adult ;  in  the 
former,  the  surface  of  the  mucous  membrane  appears  tiunefied,  the  swellings 
being  divided  by  elongated  fissures ;  in  adults,  on  the  other  hand,  it  is  beset 
in  many  places  with  numerous  smaller  and  larger  lenticular  elevations,  which 
sometimes  possess  a  small  opening.  The  mucous  membrane  on  the  lower 
surface  of  liie  tongue,  when  in  the  contracted  condition,  exhibits  numerous 
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fine  parallel  folds  like  those  which,  under  all  circumstances,  are  to  be  found 
upon  the  sides,  posterior  to  the  level  of  the  foramen  ctecum. 

The  papillse  freely  projecting  from  the  surface  of  the  tongue  are  termed,  in 
accordance  with  their  form,  (a)  filiform — papillse  filiformes ;  (6)  club  shaped 
— papillae  fiingiformes ;  and  (c)  circumvallate — papillaa  circumvallatse.  The 
so-called  filiform  papillss  are  conical,  and  in  the  newly  bom  are  simple  and 
rounded  at  their  exti-emity ;  whilst  in  adults  they  are  compound,  and  fre- 
quently prolonged  into  hair-like  processes.  The  clavate  or  fungiform  papil- 
la;  are  thinner  at  the  basis  than  at  the  apex,  which  appears  expanded  into  a 
club-like  body,  and  in  adults  is  provided  with  secondary  apices. 

Tlie  cii'cumvallate  papillae,  lastly,  are  the  largest,  and  are  only  distinguish- 
able from  the  fungiform  by  the  wall  of  mucous  membrane  which  surrounds 
them;  and  this  is  so  indistinct  in  most  instances  in  newly  born  children, 
that  no  differences  can  be  discerned  between  them  and  the  clavate  papillae. 
As  regards  the  distribution  of  these  various  papillse  on  the  tongue  of  man, 
the  papillae  filiformes  are  spread  in  nearly  equal  numbers  over  the  whole 
dorsal  surface  of  the  horizontal  part,  and  on  the  edges. 

The  fungiform  papillae  are  found  on  the  anterior  portion  of  the  dorsal  sur- 
face, and  chiefly  near  the  tip  and  edges ;  towards  the  median  line  of  the 
posterior  portion  they  become  more  sparing  and  small,  and  altogether  cease 
at  the  root  of  the  tongue.  It  only  happens  in  some  few  cases  that  filiform 
papillae  are  found  in  the  latter  region,  and  still  more  rarely  the  fungiform. 

The  papillae  circumvallatee  are  most  limited  in  number ;  they  are  placed 
on  each  half  of  the  tongue  at  the  junction  of  the  dorsum  and  the  root,  and 
are  so  an*anged  that  they  form  a  V,  the  point  of  which  is  at  the  foramen 
caecum. 

The  epithelium  both  of  the  upper  and  lower  sur&ces  is  tessellated  and 
laminar ;  in  the  filiform  papillae  of  the  tongue  of  adults  the  pavement  cells 
are  arranged  in  an  imbricated  manner,  and  are  provided  with  longer  or 
shorter  processes  which  project  freely  beyond  the  papillae ;  the  most  super- 
ficial flattened  and  horny  cells  sometimes  form  solid  hairs  or  fibres,  freely 
projecting  beyond  the  secondary  papillae.  The  epithelium  of  the  tongue  is 
elsewhere  similarly  formed  to  that  of  other  parts  of  the  oral  cavity. 

The  mucosa  is  thinner  in  the  fore  or  horizontal  part  of  the  tongue  in 
Man,  and  is,  at  the  same  time,  much  more  intimately  connected  with  the 
subjacent  muscles  than  in  the  descending  portion,  where,  on  account  of  the 
abundant  loose  submucous  tissue  with  numerous  glands  imbedded  in  it,  it 
is  easily  movable ;  its  elements  are  the  same  as  those  of  the  mucosa  in  other 
parts  of  the  oral  cavity  ;  fibres  of  connective  tissue  being  united  into  fasci- 
culi, and  forming  a  close  network  that  is  connected  with  the  deeper  tissues 
by  strong  trabeculae. 

The  so-called  septum  cartilagineum  of  the  human  tongue,  which,  arising 
from  the  hyoid  bone,  appears  as  a  dense  vertical  median  plate  situated  be- 
tween the  Genio-glossi,  and  extending  through  the  whole  length  ot  the  organ, 
gradually  diminiahing  in  height  towards  the  apex,  is,  as  Kolliker*  has 
shown,  incorrectly  named,  since  it  is  composed  exclusively  of  connective 
tissue. 

The  mucous  glands  of  the  human  tongue  occupy  the  sides  and  root  of 
the  organ  ;  amongst  the  former  are  those  described  by  Blandinf  and  Nuhn.J 

*  BeUrdge  zur  Anatomie  der  Mund/whle^  Wurzburger  Verhandlung,  Band  ii.,  p.  169. 

{Anat.  topograph.    Paris,  1884,  p.  175. 
A.  Nahn,  Udfer  mne  bUjeUt  noch  nieht  ndher  heachriebme  Druse  im  Innem  der 
ZungenipiUey  ''  On  a  hithezto  undescribed  gland  in  the  apex  of  the  Tongue.'^  Hann- 
heim,  1845. 
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Nahn  foimd  at  the  apex  of  the  tongue  of  Man,  lying  beneath  the  mucous 
membrane  and  a  layer  of  longitudinal  muscular  fibres  formed  by  the  stylo- 
glossus and  longitudinalis  inferior,  a  symmetrically  plac<{d  pair  of  glands,  from 
seven  to  ten  lines  long,  three  to  four  and  a  half  lines  broad,  and  one  and  a 
half  to  two  and  a  half  lines  thick,  opening  by  five  orifices  on  the  lower  sur- 
face of  the  apex.  N.  Ward  *  once  found  at  this  point  an  azygous  gland, 
placed  transversely,  one-third  .of  an  inch  broad,  and  one-eighth  of  an  inch 
long,  with  three  fine  excretory  ducts. 

On  the  lateral  border  of  the  tongue,  near  the  styloglossus,  there  may  also 
be  found  a  median  and  a  more  constant  posterior  group  of  glands,  which 
either  open  close  to  the  edge  of  the  tongue,  or  more  rarely  in  the  floor  of  the 
mouth. 

The  glands  at  the  root  of  the  tongue  form,  beneath  the  posterior  non-pa- 
pillated  portion  of  the  mucous  membrane,  a  continuous  layer  of  six  milli- 
metres in  thickness,  partly  imbedded  in  the  musculature. f  The  excretory 
ducts  of  these  glands  open,  in  the  newly  born  infant,  in  the  hollows  between 
the  ridges ;  but  in  adults,  in  some  instances,  in  the  so-called  crypts  of  the 
root  of  the  tongue,  which,  according  to  Salter,];  constitute  reservoirs  for  the 
acinous  glands.  Many  of  these  reservoirs  extend,  according  to  this  observer, 
as  elongated,  sometimes  branched,  passages  for  one-half  to  three-fourths  of 
an  inch  beneath  the  surface,  and  receive  at  various  points  the  excretory 
ducts  of  the  mucous  glands. 

In  the  wall  of  these  so-called  crypts  of  the  root  of  the  tongue,  according 
to  Kolliker,§  closed  follicles  filled  with  lymph  corpuscles  are  imbedded. 
He  describes  each  of  these  saccular  glands  wluch  receive  at  their  base  the 
excretory  duct  of  an  acinous  mucous  gland,  as  consisting  of  a  thick-walled 
capsule,  surrounded  externally  by  a  fibrous  sheath,  and  lined  internally  by 
a  prolongation  of  the  oral  epithelium.  Between  these  two,  and  contained 
in  a  delicate  fibrous,  vascular,  and  at  the  free  sur&ce  papiUated  matrix, 
lie  a  number  of  closed  lymph  follicles  of  O'l  to  0*25  of  a  millimetre  in 
diameter,  forming  a  continuous,  but  for  the  most  part  single  layer. 

Huxley  ||  has  corroborated  generally  the  correctness  of  the  description 
given  by  Kolliker  of  the  glands  at  the  root  of  the  tongue,  but  finds  the 
ciypts  of  the  mucous  membrane  surrounded,  not  by  closed  follicles,  but  by 
an  indiiferent  cell  containing  tissue,  traversed  by  capillaries.  Sappey  %  has 
only  observed  the  acinous  glands  opening  into  the  crypts,  but  not  the 
closed  follicles ;  and  whilst  Sachs  **  is  very  doubtful  of  the  presence  of  folli- 
cles in  the  wall  of  the  sacculi,  Franz  Gauster  and  £ckhai*d  ff  give  their  sup- 
port in  all  respects  to  the  statements  of  Kolliker. 

Grerlach  H  states  that  he  has  found  follicles  in  the  wall  of  some  only  of 
the  lingual  sacculi. 

•  N.  Ward,  loe.  cU, 

tHenle,  Splanchnohffie,  p.  141. 
Todd's  Cydopadia,  VoL  iv.,  p.  1140. 

§  Beitrdge  zur  Anatomie  der  MundhoMey  Wdrzburger  Yerhandhing,  Band  ii., 
p.  177. 

I  Huxley,  ^^On  the  Ultimate  Stmcture  and  Relations  of  the  Malpigfaion  of  the 
Spleen  and  Tonsillaf  Follicles,''  Microscopical  Jotimal^  VoL  ii.,  p.  74. 

^r  Becherehes  tur  la  structure  dcs  Afnygdales  et  des  glands  rituees  sur  la  haw  de  la 
Langtis,  CompUs  rendvs^  1855,  No.  22. 

**  (H^rmtumes  de  Lmgum  stru4Stura  penUioriy  Vratislay,  1856 ;  and  Zur  Anatomie 
der  ZungenbcUgdrHsen  und  Manddn,  Reichert  and  Ba  Bois  Raymond's  Archiv  f, 
Anat.  u.  Phpsiologie,  1859,  p.  106. 

ff  a.  Eckhard,  Zur  Anatomie  der  ZtmgenbaX(fdriUen  und  TomQUn^  Yirohow's 
ArcMv^  Band  zviL,  p.  171. 

tt  Eandbuch  der  Qewebelehre,  1854,  p.  d97. 
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The  conclusions  at  which  Arthur  Bottcher  *  arrived,  have  quite  a  differ- 
ent tenor.     He  found 

1.  That  there  are  some  tongues  which  do  not  possess  any  saccular 
glands. 

2.  That  the  occurrence  of  exceedingly  well-developed  saccidi  is  coincident 
witli  disease  of  the  mucous  membrane. 

3.  That  between  these  two  there  are  intermediate  conditions  in  which 
it  is  often  difficult  to  decide  whether  a  slight  elevation  of  the  mucous  mem- 
brane of  the  tongue,  with  a  duct  in  the  centre,  is  to  be  regarded  as  a  saccu- 
lar gland  or  not. 

He  is  therefore  of  opinion,  (1)  That  in  the  healthy  tongue  there  are  no 
saccular  glands ;  (2)  That  these  are  swellings  caused  by  disease  in  the  im- 
mediate vicinity  of  the  ducts  of  the  mucous  glands ;  and  that  consequently 
the  follicles  in  their  interior  are  also  neoplastic  pathological  formations. 

I  am  able  to  corroborate  the  statement  made  by  Bottcher,  that  there  are 
some  tongues  in  which  no  follicular  glands  are  present,  and  to  add  that  in 
such  cases  the  mucous  membrane  in  different  parts  and  to  a  variable  extent 
of  the  root  of  the  tongue,  as  well  as  the  loose  tissue  of  the  soft  palate  of 
the  uvula,  and  of  the  upper  pharyngeal  wall,  is  infiltrated  with  lymph  cor- 
puscles. These  infiltrated  parts  are  destitute  of  a  distinct  limiting  mem- 
brane or  capsule. 

The  fiat  lenticulajT  elevations  of  the  root  of  the  tongue  usually  present  in 
adults  are  merely  portions  of  the  mucous  membrane  in  which  conglobate 
glandular  substance  is  imbedded.  The  centi-al  orifice  they  exhibit  is  the 
entrance  to  a  little  pit  which,  like  the  projections  themselves,  is  lined  with 
tessellated  epithelium.  At  the  root  of  the  tongue  in  the  newly  bom  infant 
the  mucous  membrane  presents  no  saccular  glands.  It  only  exhibits  here 
and  there  in  the  above-described  ridges,  between  which  the  mucous  glands 
open,  isolated  smaU  or  larger  groups  of  cellular  elements.  These  are  also 
present  at  the  bases  of  the  papilla  of  this  part,  and  in  the  tissue  of  the 
mucosa. 

The  foramen  cascum,  situated  in  the  descending  portion  of  the  tongue, 
though  not  always,  and  indeed,  according  to  Bochdalek,  junior,f  only  thir- 
teen times  in  fifty  cases,  is  continued,  by  its  fundus  or  posterior  wall,  which 
presents  a  lai*ger  or  smaller  opening  directed  backwards  in  the  muscular 
substance  of  the  tongue,  into  a  simple  or  branched  csscal  ductus  excretorius 
lingum,  so  called  because  it  constitutes  the  excretory  duct  common  to  a 
large  number  of  mucous  glands. 

The  epithelium  of  the  foramen  csacum  is  of  the  ordinary  transitional 
variety;  that  of  its  exci-etory  duct,  as  well  as  of  its  c»cal  appendix,  is 
cylindrical  and  ciliated.  The  foramen  csBcum,  according  to  Bochdalek,  is 
not  formed  by  an  increase  in  depth  of  the  most  posterior  papilla  circum- 
vallata. 

In  regard  to  the  lymphatics  of  the  tongue,  Sappey  {  has  shown  that  deli- 
cate vessels  proceeding  from  the  close  lymphatic  plexuses  of  the  mucous 
membrane  penetrate  into  the  papiUte,  and  form  a  superficial  network.  Ac- 
cording to  Teichmann,§  the  lymphatics  are  confined  to  the  mucosa  and  sub- 

♦  Arthur  Bottcher,  EinigeB  mr  VergtofuUgung  in  Betref  der  BalgdruMn  an  <for 
ZunfferMund,  **A  few  Obseryations  explanatory  of  the  natoie  of  the  follicnlar 
l^ands  at  the  root  of  the  Tongue ; ''  Yixohow's  ArehiVj  Band  xviii.,  pp.  190—220. 

t  Bochdalek,  junior,  Ueber  das  Foramen  Ccecum  der  Zunge,  OesterreCoMsehe  Zeit" 
schriftfur  HeUkunde,  Nos.  86—46. 

1  Sappey,  Oom^ee  rendus,  1847,  p.  26. 

§  Teiohnuum,  Dag  Sangadergfftkem  vam  anatamuehe  SUmdpunete,    Leipzig,  1861, 
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mucosa,  and  form  a  plexus  with  coarse  dieeply  situated  and  more  delicate 
superficial  vessels. 

In  the  papillse  filiformes,  a  few  vessels  with  cascal  terminations,  proceed- 
ing from  a  capillary  ring,  enter  some  of  the  papillae.  At  the  base  of  the 
papillsB  fungiformes,  again,  a  circular  plexus  of  vessels  is  found,  and  lymph 
capillaries  are  present  both  iix  the  circumvallate  papillsB  and  in  the  adjoining 
tissue. 

The  nmscular  fibres  of  the  tongue  are  vertical,  transverse,  *  and  longi- 
tudinal, the  first  set  belonging  to  the  musculus  perpendicularis  at  the  apex, 
to  the  genio-glossus  in  the  middle,  and  to  the  lingualis  and  hyoglossus  at 
the  sides.  Between  these  vertically  arranged  fasciculi  run  those  of  the 
transversus  linguae,  and  in  part  also  of  the  styloglossus,  directed  in  each 
half  of  the  tongue  from  the  septum  towards  the  lateral  surface. 

Finally,  in  immediate  proximity  with  the  mucous  membrane,  are  the 
longitudinal  fibres  belonging  to  the  longitudinalis  superior  and  inferior,  as 
well  as  the  greater  part  of  the  styloglossus.  As  a  general  rule,  the  verti- 
cally ascending  as  well  as  the  transverse  fasciculi  penetrate  into  the  mucous 
membrane  through  those  of  the  longitudinal  muscles,  becoming,  at  the  same 
time,  considerably  thinner.  They  also  decussate  with  each  other,  both 
before  they  retich  the  longitudinal  fibres,  and  after  they  have  emerged  from 
them,  when  they  enter  into  the  mucous  membrane. 

The  longitudinal  muscles  give  off  several  small  fasciculi  and  fibres  to  the 
mucous  membrane. 

In  the  cat  the  filiform  papiUsa  situated  about  the  middle  of  the  dorsal  surface  are 
best  developed ;  they  are  here  also  most  nnmerous,  and  each  is  prolonged  into  one  or 
several  recurved  homy  points.  Towards  the  latersd  surfaces  of  the  horizontal  portion 
they  rapidly  diminish  in  size,  and  at  the  edge  ceaae  to  be  distinguishable  to  the  naked 
eye ;  so  that  here  the  papillae  fungif ormes,  which  elsewhere  on  the  dorsal  sorfaoe  are 
situated  at  tolerably  regular  distances  between  the  filiform,  are  seen  to  project  as 
whitish  beads,  at  considerable  distances  apart  It  is  only  at  the  most  anterior  part 
pf  the  tongue  that  the  filiform  papillae  are  distributed  over  its  edges,  and  extend  for 
a  short  distance  on  the  inferior  surface.  At  the  border  of  that  part  of  the  tongue 
which  corresponds  to  the  junction  of  the  horizontal  with  the  descending  portion  is 
found  a  longitudinal  series  from  ten  to  fifteen  in  number,  of  cylindrical  filiform,  papillae, 
capitate  at  their  extremities,  of  which  the  centre  ones  are  longer  (three  millimetres) 
than  either  the  anterior  or  posterior  (one  millimetre).  Towards  the  root  of  the  toDgae 
the  filiform  papillae  decrease  in  number  and  size,  and  appear  in  the  form  of  isolated 
very  broad  projections,  terminating  in  a  short,  soft,  recurved  point 

In  rctbbits^  on  the  dorsal  surface  of  the  tongue,  as  far  back  as  the  descending  por- 
tion, and  on  the  upper  part  of  this,  only  closely  approximated  papillae  filiformes  are 
found,  which  are  absent  at  the  edges,  except  where  the  horizontal  is  continuous  with 
the  descending  portion.  Over  the  well-known  whitish  elongated  oval  elevation  of  the 
tongue  of  the  rabbit  the  papillae  are  somewhat  larger  than  on  other  parts  of  the  dorsal 
surface.  Behind  this  elevation  the  mucous  membrane  presents  a  smooth  surface  as 
far  as  two  small  projections  constantly  situated  on  either  side  of  the  median  line,  and 
apparently  belonging  to  the  papillae  circumvallatas. 

At  the  junction  of  the  horizontal  with  the  descending  portions  on  the  border  of  each 
side  of  the  tongue  is  found  a  slightly  depressed  semi-circular  spot,  the  periphery  of 
which  touches  the  posterior  part  of  the  oval  prominence.  The  surface  is  not  smooth, 
but  covered  with  delicate  parallel,  vertically  arranged  folds,  on  a  few  of  which  a  fili- 
form papilla  may  be  here  and  there  discerned. 

This  portion,  as  well  as  the  above-mentioned  minute  folds  at  the  border  of  the 
tongue  in  man,  and  the  group  of  papillae  found  at  the  junction  of  the  horizontal  and 
descending  portions  of  the  tongue  in  the  cat,  correspond  to  the  peculiar  organ  de- 
scribed by  Weber,f  and  especiaUy  by  J.  0.  Mayer,^  in  many  mammals  under  &e  term 
ik  papilla  lingualis  foUata. 

*   Salter,  Todd's  CydopoKUa,  p.  1125;  and  KoUiker,  loc.  eit.y  p.  169. 

\  Weber,  in  Hildebrandt's  Lefirbudi  der  AnatanUe,  Band  iv.,  4.  Aufl.  p.  150. 

I  J.  C  Mayer,  Untersychitngeri  aus  dem  Oebiete  der  Anatomies  etc.  Bonn,  1842,  p.  25. 
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The  papillie  of  the  tongue  of  the  rabbit  appear  considerably  shorter  than  those  of 
man,  and  this  is  due  to  the  absence  of  depressions  in  the  epithelium  between  them. 

The  thickness  of  the  epithelium  diminishes  from  before  backwards,  and  also  to- 
wards the  sides ;  yet,  posterior  to  the  oval  prominence,  is  as  thick  as  at  the  apex  of 
the  tongue. 

The  structure  of  the  mucosa  does  not  differ  from  that  of  man.  Its  thickness  also 
diminishes  from  the  tip  towards  the  oval  prominence.  At  the  root  of  the  tongue  the 
fasciculi  of  muscular  fibres  situated  beneath  the  mucosa  form  a  rectangular  network, 
in  the  loculi  of  which  are  contained  the  lobules  of  the  acinous  glands.  The  excretory 
ducts  of  these  glands  penetrate  the  mucosa  in  a  vertical  direction  to  reach  the  sur- 
face. Numerous  small  masses  of  lymph  corpuscles  are  to  be  met  wiih  around  and 
between  the  lobules  of  the  glanda  In  ^e  depressed  semi-circular  portion  of  the  bor- 
der of  the  tongue  the  laminated  pavement  epithelium  is  much  more  attenuated  on  the 
margin  of  the  folds  than  on  their  sides.  The  depths  of  the  folds  amount  to  0-45 
of  a  millimetre,  and  the  mucous  membrane  projects  into  them  in  the  form  of  an 
acute  angle. 

The  excretory  ducts  of  large  acinous  glands  open  into  the  grooves  intermediate  to 
the  folds,  the  relation  of  which  to  the  muscular  fasciculi  is  similar  to  that  already 
described  in  the  case  of  the  glands  at  the  root  of  the  tongue.  A  considerable  number 
of  nerves,  the  fibres  of  which  are  all  medullated,  are  contained  in  the  mucous  mem- 
brane at  the  bottom  of  the  folds. 

The  transversus  Unguse  exhibits  a  looser  arrangement,  as  it  extends  from  the  middle 
line  of  the  upper  surface  to  the  lower,  in  that  its  fasciculi  describe  arches,  which  di- 
minish in  length  towards  the  border  of  the  tongue. 

In  the  tongue  of  the  frog  the  papillso  filiformes  are  distributed  over  the  whole  dor- 
sal surface ;  towards  the  posterior  comua  they  diminish  in  number  and  size,  and  cease 
at  some  distance  from  their  apices.  There  is  also  a  lateral  zone  of  the  dorsum  ex- 
tending along  the  whole  length  of  the  tongue,  and  from  two  to  three  millimetres 
in  breadth,  which  is  destitute  of  papillae.  The  fungiform  papilhn  are  similarly  ar- 
ranged. The  two  forms  are  most  numerous  and  largest  at  the  anterior  part  of  the 
dorsal  surface.  The  papillsc  filiformes  are  thin  and  long,  but  towards  the  comua  of 
the  tongvLG  they  are  somewhat  broader.  The  epithelium,  throughout  the  entire  cavi- 
ty of  the  moutji,  consists  of  a  laminated  and  ciliated  columnar  epithelium,  with  the 
exception  of  the  apices  of  the  papillas,  where  the  most  superficial  cells  are  short  cyl- 
inders, destitute  of  cilia.  *  Neither  Hartmann  nor  Hoyerf  were  able  to  recognize  the 
continuity  of  the  processes  of  the  columnar  epithelium  covering  the  papUlas  with  the 
connective  tissue  corpuscles,  as  described  by  Billroth  t  and  Axel  Key. 

On  the  lower  surface  of  the  tongue  the  epithelium  is  formed  by  two  or  three  layers 
of  pavement  cells,  the  most  superficial  in  some  parts  bearing  cilia. 

A  nerve  trunk,  composed  of  dark-edged  fibres,  occupies  the  centre  of  the  fungfif orm 
papillas,  whilst  at  their  periphery  is  a  capillary  plexus  opening  into  a  central  vessel  ; 
situated  peripherically  also  are  muscular  fibres  which  frequently  undergo  division  in 
their  passage  upwards.  Moreover,  transversely  situated  muscular  fibres  extend  into 
the  fungiform,  §  and  into  some  of  the  filiform  papillae,  though  they  can  seldom  be  fol- 
lowed to  the  apex. 

The  glands  of  the  tongue  of  the  frog  are  pretty  equably  distributed  over  the  whole 
of  the  dorsal  surface  ;  anteriorly^  they  are  more  closely  assimilated  to  the  type  of  the 
acinous  glands  than  posteriorly.  The  excretory  ducts,  especially  of  the  anterior 
part,  support  laterally  and  terminate  at  their  extremities  in  hemispherical  enlarge- 
ments, or  they  pursue  a  closely  coiled  course,  and  are  then  more  deeply  imbedded 
between  the  muscles.  As  a  general  rule,  they  are  only  surrounded  by  muscular  tis- 
sue at  their  fundus. 

The  glands  are  lined  by  columnar  epithelium,  the  cells  of  which  become  shorter  in 
the  deeper  acini.  A  few  of  the  cylindrical  cells  near  the  orifice  sometimes  support 
cilia. 

At  the  posterior  part  of  the  dorsal  surface,  and  especially  on  the  posterior  process- 
es of  the  tongue,  the  glands  constitute  loiter  or  shorter  tubes,  which  are  for  the  most 
part  inflated  or  irregularly  prominent  at  their  fundus.     Here  also  their  fundus  is  im- 

*  Leydig,  UUMoffie,  1857,  p.  307.  Axel  Key,  Reichert  and  Du  Bois'  Arddv^  18G1, 
p.  228.    Hartmann,  idem,  1863,  p.  034. 

t  Hoyer,  Mikronkopische  UnterbUcJiungen  uher  die  Zunge  d^s  Frosches.  Keichert  and 
Du  Bois^  Archit,  1859,  p.  501. 

t  Ueber  das  Epithd  der  Froschzunge^  Mtiller's  ArcJiio^  1859,  p.  159. 

§  Waller,  PJiiUmphical  Transactions,  1847. 
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bedded  amoDgst  the  miusdes  which  ran  np  from  the  deeper  parte  and  accompany  the 
gland  ducts  for  a  variable  distance  towards  the  surface.  The  cylindrical  epithelium 
with  which  they  are  lined  behaves  in  the  same  manner  as  that  of  the  glands  of  the 
imterior  portion. 

Division  of  muscular  fibres  occurs,  to  a  considerable  extent,  in  the  frog  as  well  as 
in  the  newt,  calf,  bat,  sheep,  goat,  and  cat,  and  also  in  man.  M  man,  Rippmann* 
saw  simple  and  individual  muscular  fibres  run  out  into  two,  three,  or  even  four  mod- 
erately long  branches. 

According  to  Bemak,f  microscopic  ganglia  are  situated  on  the  branches  of  the 
glosso-phaiyngeus,  and  of  the  ramus  lingualis.  And  he  believes  the  same  relations 
to  subsist  between  the  glands  and  ganglia  of  the  tongue,  as  between  the  submax- 
illary gland  and  the  ganglion  subnuuallare. 

B.  Phabynx. 

.  With  the  pharynx  the  digestive  tract  begins  to  be  independent,  and  at 
its  lower  part  assumes  a  tubular  character,  whilst,  at  the  same  time,  it  is 
distinctly  differentiated  into  mucous  membrane,  muscular  layers,  and  an  ex- 
ternal investing  fibrous  membrane. 

The  epithelium  of  the  mucous  membrane  in  the  portions  immediately  ad- 
joining the  nasal  cavity  is  laminar  and  tessellated.  This  form  o£  epithelium 
extends,  according  to  Schmidt,J  to  the  posterior  edge  of  the  so-called  pha- 
ryngeal tonsils,  but  their  anterior  portion,  as  far  as  the  orifice  of  the  Eusta- 
chian tube,  possesses  a  columnar  and  ciliated  epithelium.  The  distribution 
of  the  latter  in  the  regions  in  question  is  most  extensive  in  the  new-bom 
child,  extending  here  over  the  whole  of  the  upper  portion  of  the  pharynx, 
known  as  the  cavum  pharyngo-nasale.  In  the  adult,  on  the  other  hand,  it 
never  extends  over  more  than  the  upper  third.  Both  the  epithelium  and  mu- 
cosa are  similar  in  their  characters  to  the  same  structures  of  the  soft  palate. 

The  free  surfiice  §  of  the  nasal  region  of  the  pharynx,  occupying  the  inter- 
space between  the  Eustachian  tubes,  and  extending  from  the  posterior  por- 
tion of  the  roof  of  the  nasal  cavity  to  the  anterior  border  of  the  foramen 
magnum,  exhibits  in  most  instances  a  delicate  longitudinal  striation,  with 
laminae  or  folds  separated  by  deep  fissui*es,  which  to  some  extent  become 
united,  giving  rise  to  a  plexiform  pattern ;  and  frequently  the  surface  is 
covered  with  low  elevations,  traversed  by  a  variable  number  of  short,  often 
irregularly  running  fissures.  These  folds  exhibit  numerous  whitish  poppy- 
seed-like  enlargements,  with  a  considerable  number  of  roundish  pores,  which 
are  partly  recognizable  as  the  entrance  to  little  isolated  pits  of  the  mucous 
membrane,  but  are  chiefly  the  orifices  of  acinous  glands. 

A  larger  opening,  though  not  constantly  present,  is  found  in  the  'lower 
half  of  the  median  line  of  the  roof  of  the  pharyngeal  cavity.  It  constitutes 
the  entrance  to  the  process  of  the  pharyngeal  arch  which  ascends  to  the  body 
of  the  occipital  bone,  and  is  usually  surrounded  by  acinous  glands,  but  some- 
times also  by  a  muscle.  It  has  been  named  by  J.  C.  Meyer  the  Bursa 
pharyngea. 


*  Th.  Bippmann,  Ueber  dns  Vorkommen  ron  TheUungen  der  Mnskelfa9em  in  der 
Zunge  rfer  Wirbdthiere  U7hd  des  Menscfiea^  **  On  the  occurrence  of  Division  in  the  mus- 
cular fibres  of  Vertebrata  and  of  Man ;  "  Henle  and  Pf euffer's  Zeitscfinft,  3.  Reihe, 
Bandxiv.,  p.  200. 

f  Ueber  die  GangUen  der  Zunge  hei  Saugethieren  und  Men^hen^  **0n  the  Ganglia 
of  the  Tongue  in  Mammals  and  in  Man ;  ^'  Miiller^s  Archio,  1852,  Heft  1,  p.  58. 

t  Schmidt,  loe.  dt. 

%  Luschka,  Das  adenoide  Gewehe  der  Pars  NasaUs  des  ruense/dicTien  Scklundkoppes, 
**  The  adenoid  tissue  of  the  nasal  portion  of  the  Pharynx  of  Man;  "  Arcfdv  far 
vissenacJiaftUche  Anatomic^  v.  Max  Schultze,  Band  iv.,  Heft  1,  Seite  5—9. 


Digitized  by 


Google 


THE  PHARYNX.  8S9 

The  thickenings  or  folds  of  the  mucous  membrane  of  the  phar3mgeal  arch, 
as  well  as  the  walls  of  the  bursa  above  described,  consist  of  a  loose  vascu- 
lar tissue  infiltrated  with  lymph  corpuscles,  exhibiting  in  parts  the  same 
sti'ucture  as  that  which  we  have  seen  in  numei*ous  portions  of  the  soft  pal- 
ate. At  those  "joints  where  the  poppy -seed-like  bodies  are  observed,  the 
mucous  membrane  presents,  over  a  larger  or  smaller  surface,  an  adenoid 
structure  closely  packed  with  lymph  corpuscles.  These  infiltrated  spots, 
although  constructed  on  the  same  plan  as  the  lymph  follicles,  have,  like  the 
similar  spots  at  the  root  of  the  tongue,  where  they  are  more  sparing  in 
number  and  smaller,  no  distinct  investing  membrane. 

Luschka  *  has  denominated  this  pai-t,  first  described  by  Lacauchie,t  the 
Tonsilla  Pharyngea,  and  he  agrees  with  KOlliker  in  regarding  it  as  an  aggre- 
gate of  Ijrmphatic  glands.  Henle,J  on  the  other  hand,  holds  it  to  be  con- 
globate gland  substance.  It  forms  a  mass  of  about  eight  millimetres  in 
thickness,  which  extends  to  between  the  orifices  of  the  Eustachian  tubes, 
from  the  posterior  extremity  of  the  roof  of  the  nasal  "cavity,  with  an  aver- 
age length  of  three  centimetres. 

The  glandular  tissue  is  in  great  part  divided  into  lamin»  with  deep  inter- 
vening fissures,  or  is  arranged  in  the  form  of  round  sacculi,  the  walls  of 
which,  haviug  an  average  diameter  of  one  millimetre,  are  lined  by  ciliated 
epithelium  and  a  continuation  of  mucous  membrane,  communicating  with 
the  exterior  by  a  very  narrow  orifice.  The  tissue  of  the  mucous  membrane 
covering  the  arch  of  the  pharynx  is  differentiated  from  that  of  the  lower 
part  by  the  circumstance  that  it  exhibits  over  sai'faces  of  considerable  ex- 
tent the  characters  of  lymphatic  glandular  tissue. 

The  mucous  membrane  of  the  middle  third  of  the  pharynx,  though  more 
sparingly  than  in  the  upper  portion,  is  also  infiltrated  with  numerous  cellu- 
lar elements,  which  are  either  irregularly  distributed  through  its  substance 
or  lie  collected  into  dense  masses  in  a  vascular  stroma. 

In  infants  the  miicous  membrane  exhibits  a  great  number  of  oblong  nu- 
cleated elements,  the  extremities  of  which  are  drawn  out  into  ^e  pointed 
processes  which  penetrate  between  the  fibres  of  the  tissue.  This  peculiarity 
may  be  observed  in  several  parts  of  the  above-described  portions  of  mucous 
membrane,  and  appears  therefore  to  be  characteristic  of  an  embryonic  con- 
dition of  the  tissue.  Wherever  the  epithelium  is  laminar  and  tessellated, 
numerous  pa])ill8e,  narrow  at  their  base,  and  clavate  at  their  free  extremity, 
project  from  the  surface  of  the  mucosa,  and  penetrate  the  epithelial  layers 
to  about  half  their  depth ;  but  where  the  epithelium  of  the  roof  of  the 
phaiynx  is  laminated,  and  composed  of  cylinders  supporting  cilia,  the  papil- 
Ise  are  altogether  absent. 

The  large  vessels  form  a  plexus  beneath  the  epithelium,  giving  off  finer 
branches,  which  either  pursue  a  longer  or  a  shorter  course  parallel  to  the 
surface,  or  form  loops  immediately  beneath  the  epithelium.  In  the  middle 
third  of  the  membrane  in  adults,  and  especially  in  the  lower  parts,  are  nu- 
merous papUlaB  arranged  with  tolerable  regularity.  In  the  upper  parts  they 
are  in  some  parts  imperfectly  developed,  and  here  and  there  are  altogether 
absent.  In  the  lower  third  the  papillsB  are  both  constantly  present  and 
numerous. 

In  the  infant  the  papiUce  are  only  feebly  developed,  either  in  the  form  of 


*  JjVLBchk&^^Anatomie  des  Menschen,     Tubingen,  1862,  Band  1,  Absdmilt  1. 
"   Traite  (THydroUmue,  1853,  Tab.  ii.,  fig.  10. 
Henle,  Spktnehnologie,  p.  146. 
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slight  sinuosities  of  the  mucons  membrane  projecting  into  the  epithelial 
layers,  or  as  sharply  pointed  papillary  elevations  composed  of  connective 
tissue  and  bloodvessels,  especially  over  those  parts  of  the  membrane  pre- 
senting striss  or  folds,  which  penetrate  to  a  variable  extent  into  the  epi- 
thelium. 

As  it  approximates  the  muscular  tissue  the  structure  of  the  mucous  mem- 
brane becomes  looser,  forming  the  submucous  tissue^  and  the  fasciculi, 
which  constitute  a  plexus  with  meshes  of  various  sizes,  are  arranged  in  the 
upper  and  middle  third  in  a  horizontal  direction,  or  run  obliquely  back- 
wards and  outwards  between  the  fasciculi  of  the  muscular  layer  to  the 
outer  fibrous  layer,  as  well  as  in  the  opposite  direction  from  this  inwards 
and  downwards,  some  few  fasciculi  penetrating  between  the  muscles  into 
the  submucosa,  in  which  they  are  gradually  lost  as  they  descend.  In  the 
lower  third,  the  fasciculi  of  the  mucosa  puraue  various  directions,  but  those 
of  the  submucosa  are  chiefly  directed  downwards. 

The  acinous  glands  of  the  pharynx,  especially  in  the  middle  and  lower 
pai-ts  of  the  upper  tliird,  form  groups,  the  excretory  ducts  of  which  open 
with  wide  orifices.  The  individual  glands  are  oval,  with  their  long  diameter 
parallel  to  the  long  axis  of  the  tube.  In  the  lower  third  they  diminish 
considerably  in  number,  so  that  at  the  upper  part  of  this  they  only  occur  in 
an  isolated  condition,  whilst  below  they  are  but  rarely  met  with. 

The  depth  of  the  mucosa  varies  with  the  thickness  of  the  glandular  layer, 
but  diminishes  gradually  in  the  lower  third  towards  the  oesophagus.  The 
larger  'turve  trunks  lie  in  the  submucous  tissue,  and  run  for  the  most  part  in 
a  longitudinal  direction,  whilst  their  branches  form  a  deep  and  a  superficial 
plexus,  in  the  latter  of  which  Remak*  and  Billroth  observed  the  presence 
of  microscopical  ganglia. 

The  lymphatics  of  the  pharynx  are  numerous,  and,  according  to  Teich- 
mann,t  are  directly  continuous  with  those  of  the  nose,  oral  cavity,  trachea, 
and  (esophagus. 

The  outer  fibrous  layer  of  the  posterior  wall  of  the  pharynx,  attached 
above  to  the  base  of  the  skull,  extending  downwards,  and  containing  a 
median  tendinous  fasciculus  which  aiises  from  the  tuberculum  pharyngeum, 
consists  chiefly  of  strong  parallel  bundles  of  fibrous  tissue,  with  a  variable 
amount  of  finer  and  broader  elastic  fibres.  These  for  the  most  part  de- 
scend obliquely  with  the  fasciculi  accompanying  the  nerves  and  bloodvessels, 
and  with  others  derived  from  the  submucous  layer  form  sheaths  for  the 
pharyngeal  muscles,  and  give  off  the  secondary  septa  for  the  smaller  muscu- 
lar fasciculi. 

The  muscular  layers  of  the  posterior,  and  partly  also  of  the  lateral,  walls 
of  the  phar^Tix  are  so  arranged  as  to  form  an  essentially  circular  external 
and  an  internal  longitudinal  layer.  The  former  is  composed  of  the  Cou- 
strictores  pharyngis,  the  latter  is  formed  by  the  Stylo-pharyngeus  and 
Thyreo-pharyngo-palatinus,!  from  the  pharyngo-palatine  portion  of  which  a 
few  fasciculi  are  given  off  which  pursue  a  horizontal  dii-ectiou,  uniting  on 
the  posterior  wall  of  the  pharynx  with  those  of  the  opposite  side  to  form  a 
series  of  arches  with  their  convexity  directed  downwards. 


♦  Remak,  Ueberperiplierisch^  OangUenandenNervendesKahrungsrohres^^vXlet'^ 
AreJiiv^  1856,  p.  189;  ''On  the  Peripheric  Ganglia  of  the  Nerves  of  the  Alimentary 
Canal.  ^*  A  contest  respecting  priority  with  Meissner,  in  which  it  was  shown  that 
Bemak  had  previously,  in  1840,  found  ganglia  in  the  tongue  and  on  the  pharyngeal 
branches  of  the  Glosso-phaiyngeus. 

+  Loc.  cit. 

t  Luschka,  Virchow's  Arckiv^  Band  xlii.,  p.  485. 
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A  few  small  fasciculi  are  also  given  off  from  the  most  internal  muscular 
bundles,  especially  at  the  lower  part  of  the  pharynx,  which,  running  down- 
wards, penetrate  the  mucous  membrane  obliquely,  and  terminate  in  it. 

The  mucous  membrane  of  the  phaiynx,  which  is  connected  by  means  of 
short  connective  tissue  fibres  with  the  posterior  surface  of  the  larynx, 
presents  the  same  structure  as  that  of  the  lower  third  of  the  posterior  wall. 

The  glands  are  here  also  elongated,  and  form  a  continuous  layer  above, 
whilst  they  diminish  in  number  below  to  such  an  extent  that  it  is  rare  to 
meet  with  one  on  the  anterior  wall  of  the  oesophagus.  The  excretory  ducts 
of  these  glands  are  directed  obliquely  downwards,  so  that  on  examining 
transverse  sections,  numerous  ducts  may  be  found  without  any  of  the  glands 
being  present.  They  become  somewhat  wider  beneath  the  epithelium,  and 
here  possess,  lining  their  interior,  a  series  of  well-marked  cylindrical  cells, 
subjacent  to  which  are  two  or  three  rows  of  smaller  spheroidal  cells  with 
comparatively  large  nuclei. 

Adipose  tissue  is  found  in  considerable  quantity  in  adults,  occupying 
the  interspaces  of  the  muscular  fasciculi  and  of  the  glands  of  the  mucous 
membrane  situated  on  the  posterior  surface  of  the  larynx. 

c.  (Esophagus. 

Commencing  at  the  level  of  the  lower  border  of  the  cricoid  cartilage,  the 
alimentary  canal  extends,  in  the  form  of  a  completely  closed  tube,  to  the 
foramen  oesophageum  of  the  diaphragm.  In  the  undistended  condition  the 
mucous  membrane  forms  parallel  longitudinal  folds,  and  is  attached  to  the 
subjacent  muscular  coat  by  loose  connective  tissue. 

In  Man  it  is  lined  by  laminated  pavement  epithelium,  the  cells  of  which, 
both  in  their  form  and  arrangement,  resemble  those  of  the  lower  part  of  the 
pharynx. 

The  membrana  mucosa  is  situated  between  the  muscular  layer  of  the 
mucous  membrane  which  commences  with  the  oesophagus,  and  the  epithe- 
lium, and  it  is  separated  by  this  muscular  layer  from  the  thicker  layer  of  the 
submucous  tissue  which  occupies  the  interval  between  the  muscularis 
mucosae  and  the  muscularis  externa. 

In  newly  born  children  *  the  mucosa  exhibits  in  many  parts  the  structure 
of  adenoid  tissue.  In  others,  again,  numerous  bloodvessels  are  found,  run- 
ning for  the  most  part  in  a  longitudinal  direction  beneath  the  epithelium, 
and  accompanied  by  a  sparing  amount  of  connective  tissue  derived  from  the 
external  portion  of  the  mucous  membrane. 

In  adults  the  longitudinal  fasciculi  of  connective  tissue  derived  from  the 
submucosa  run  inwards  between  the  fasciculi  of  muscularis  mucoste,  and 
then  either  pureue  a  sinuous  course  parallel  to  each  other,  or  form 
plextises.  A  gr^at  number  of  cellular  structures  are  constantly  found 
amongst  them. 

The  surface  of  the  mucous  membrane  is  beset  in  adults  with  a  large  num- 
ber of  conical  papillae  0*3 — 0*5  of  a  millimetre  in  length,  which  project  into 
the  epithelium ;  but  in  children  their  presence  is  only  indicated  by  slight 
inflections  of  the  line  of  attachment  of  the  epithelium. 

The  muscularis  mucosie,  or  muscular  layer  of  the  mucous  membrane,  con- 
sists of  fasciculi  of  smooth  muscular  tissue  running  longitudinally,  which 


*  E.  Klein,  TJeber  die  VertheUung  der  Muskdn  des  CB^hagiis^  etc.,  "On  the 
arrangement  of  the  Muscles  of  the  CBsophagus ; "  Sitzungsberichte  der  k,  k.  Akad.  der 
Wmenschaflen  zu  Wien,    Mai  Heft,  1868. 
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are  only  feebly  developed  in  the  uppermost  part  of  the  CBSophagus,  where 
they  are  separated  from  one  another  by  large  quantities  of  the  mucous  tis- 
sue ;  lower  down  they  become  coarser  and  more  closely  approximated,  so 
that  the  muscularis  mucosas  here  forms  a  continuous  muscular  layer. 

The  septa  of  the  several  fasciculi  are  continuous  with  the  mucosa  on  the 
one  hand  and  the  submucous  tissue  on  the  other. 

1^  The  thickness  of  this  muscular  layer  is  somewhat  greater  in  general  in 
the  anterior  wall  of  the  cesophagus  than  in  the  posterior.  The  submucous 
tissue  is  about  four  times  as  thick  as  the  mucosa,  and  is  composed  of  longi- 

Fig.  126. 


Fig.  126.  Transverse  section  through  the  lower  part  of  the  oesophagos  of  the  newly 
bom  Child,  a  a,  epithelium ;  h  b^  mucosa ;  c,  muscularis  mucosae ;  d,  submucous 
tissue ;  <?,  layer  of  circular  muscular  fibres  ;  /,  longitudinal  muscular  layer ;  g,  exter- 
nal fibrous  layer ;  at  h  h,  are  seen  two  of  the  ganglia  of  Anerbach. 

tudinal  fasciculi  of  connective  tissue  fibres  that  run  parallel  to  one  another, 
and  are  always  intermingled  with  finer  and  coarser  elastic  fibres.  Vessels 
and  nei-ves  derived  from  the  musculaiis  externa  are  found  in  this  loose  tis- 
sue, the  nerves  running  obliquely  towards  the  muscularis  mucos«8.  The 
fasciculi  of  the  outer  portion  of  the  submucous  tissue  are  directly  continu- 
ous with  the  external  fibrous  membrane,  and  thus  form  the  septa  of  the 
muscularis  externa. 

Acinous  glands  ai*e  rare  and  isolated,  and  less  abundant  in  the  posterior 
wall  of  the  wsophagus  than  upon  the  anterior.  On  the  latter  they  generally 
decrease  in  number  from  above  to  near  the  middle,  but  increase  to  some 
extent  from  this  point  downwards.  They  are  small  and  oval,  with  their 
longer  diameter  ari'anged  vertically;  they  lie  in  the  submucous  tissue, 
close  to  the  muscularis  mucosae,  which  their  excretory  ducts  penetrate 
obliquely  in  a  downward  direction,  opening  on  the  surfeu^e  of  the  epithelium 
with  a  constricted  orifice. 

The  muscularis  externa,  or  outer  muscular  coat,  is  composed  in  Man  of 
an  external  longitudinal  and  an  internal  circular  layer  of  fibres.  The  former 
is  arranged  in  thi-ee  divisions ;  *  the  middle,  and  by  far  the  strongest,  aris- 

♦  Henle,  Splanchnolaffie,  p.  141. 
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ing  fr(Hn  a  triangular  elastic  membrane  attached  to  the  posterior  sur- 
face of  the  cricoid  cartilage ;  the  two  lateral,  which  partly  descend  for  a 
short  distance  internally  to  the  circular  layer  of  the  oesophagus,  arise  from 
the  clastic  bundles  in  which  a  portion  of  the  Thyreo-pharyngo-palatinus 
muscle  terminates.  Tlie  longitudinal  fibrous  layer  in  its  further  course  is 
strengthened  by  the  musculus  bioncho-cesophageus.*  The  circular  fibrous 
layer  gives  off  on  each  side  the  musculus  ciico-pharyngeus,  and  receives 
accessory  fibres  in  the  thoracic  cavity  from  the  musculus  pleuro-cesophageus.f 
The  circular  layer  continually  increases  in  thickness  as  it  descends,  whilst 
the  longitudinal  layer,  which  exceeds  the  circular  layer  in  thickness  in  the 
first  fourth,  continually  diminishes  as  it  descends. 

The  external  muscular  layer  is  not  everywhere  of  equal  thickness ;  in 
adults  it  is  on  the  average  1*5  to  2  millimetres  thick,  and,  according  to 
Schmauser,};  is  at  the  upper  part  moro  strongly  developed  on  the  anterior 
wall  than  iipon  the  posterior, — then  diminishes  as  it  descends  upon  both 
surfaces,  but  especially  upon  the  anterior,  until  in  the  lower  third  it  is 
equally  developed  throughout  the  whole  circumference  of  the  tube. 

A  few  smaller  fasciculi,  both  from  the  internal  circular  and  from  the  ex- 
ternal longitudinal  fibrous  membrane  are  given  off,  which  descend  verti- 
cally, internal  to  the  former,  and  external  to  the  latter  ;  the  fasciculi  are  })ar- 
ticularly  large  in  the  lower  fourth,  and  are  derived  from  the  circular  layer, 
becoming  vertical  as  they  descend. 

The  tendons  of  the  fasciculi  of  the  smooth  muscular  tissue  of  the  oesopha- 
gus extend,  according  to  Treitz,§  into  the  external  fibrous  membrane.  The 
fibres  of  the  muscularis  externa  of  the  upper  fourth  of  the  oesophagus  in 
Man  are  for  the  most  part  transversely  striated.  But  besides  these,  fas- 
ciculi of  smooth  muscular  fibres  are  met  with  sometimes  running  vertically 
external  to  the  longitudinal  muscular  layer,  at  others  running  circularly  in 
the  circular  fibrotis  layer,  and  at  others  vertically  between  the  fibres  of  this 
latter  layer. 

In  the  second  fourth  the  smooth  muscular  fibres  are  so  abundant  that  they 
sometimes  exceed  those  of  the  transversely  striated,  predominating  espe- 
cially in  the  anterior  wall  amongst  the  longitudinal,  and  in  the  posterior  wall 
amongst  the  circular  layers  of  muscular  tissue. 

The  muscularis  externa,  in  its  lower  half,  is  composed  of  smooth  fibres 
exclusively.  Externally  the  muscular  layers  are  invested  by  a  fibrous 
sheath  composed  of  connective  tissue  and  elastic  fibres,  which  for  the  most 
part  run  in  a  longitudinal  direction. 

At  certain  parts  between  the  circular  and  longitudinal  muscular  fibre 
layers  the  nerves  form  quite  a  continuous  layer,  the  branches  of  which 
perforate  the  circular  muscular  coat,  in  order  to  reach  the  submucous  tissue. 
Amongst  the  nerves  running  between  the  circular  and  longitudinal  layers 
ganglion  cells,  partly  isolated,  partly  enclosed  in  a  nucleated  capsule,  are 
found,  as  well  as  groups  of  ganglion  cells  united  together  by  means  of  their 
processes  ;  moreover,  a  few  ganglion  cells  occur  in  the  smaller  nerve  trunks 
as  they  run  through  the  mucous  membrane.  Bemak  ||  has  described  true 
ganglia  as  being  situated  on  the  oesophageal  branches  of  the  vagus. 

*  Hyrtl,  ZeitschHft  der  Geselinchaft  der  Aerzte  zu  Wien,  1844,  p.  115 ;  andTreitz, 
Frager  ViertdjahreMchrifi^  1863,  Band  i. 

iflyrtl,  loc.  dt. 
Schmauser,  Dissert,  inauguratis,  186C. 
Treitz,  loc.  eit. 
Utiber  peripherisehs  OangUen  an  den  Nerven  des  mensehUchm  NahrungsroJtres^ 
**  On  the  peripheric  Qonglia  situated  upon  the  Nerves  of  the  Alimentaxy  Tube  in 
Han;  "  Mailer's  ^rcAtr,  1858,  p.  189. 
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The  lymphatics,  according  fco  Teichmann,*  partly  nin  in  the  mucosa, 
partly  in  the  submucous  tissue,  but  do  not  form  a  double  capillary  network 
as  in  the  wider  portions  of  the  tube. 

In  the  oesopba^as  of  the  Dog  the  mnacularis  mucosae  does  not  form  a  contmnoaB 
layer,  as  in  Man,  but  first  makes  its  appearance  in  the  middle  of  the  upper  fourth,  in 
the  form  of  isolated  longitudinal  fasciculi,  which,  in  the  lower  half,  surround  at  vari- 
ous points  the  acinous  glands,  and  sparingly  accompany  their  excretoiy  ducts  nearly 
to  the  epithelium.  The  glands  throughout  the  whole  length  of  the  cesophagas  form 
a  continuous  layer,  the  thickness  of  which  considerably  increases  in  its  lower  part. 

In  the  loose  submucous  tissue,  nodal  points  are  scattered,  consisting  of  stellate 
plexuses  of  elastic  fibres  which  present  a  remarkable  yellowish-green  color. 

The  outer  muscular  layer  of  the  oesophagus  in  the  Dog  is  arranged  in  a  much  more 
complex  manner  than  in  Man.  It  is  only  in  the  upper  half  of  the  first  fourth  that  it  is 
composed  of  an  external  longitudinal  and  of  a  stronger  internal  circular  layer.  In  the 
lower  half  of  the  first  and  the  upper  half  of  the  second  fourth,  both  layers  are  equally 
well  developed,  and  are  composed  of  fibres  decussating  obliquely,  and  at  right  angles. 
In  the  lowest  part  of  the  second,  and  throughout  the  whole  of  the  third  fourth,  the 
inner  layer  is  thinner,  and  becomes  longitudinal,  whilst  the  external  is  thicker,  and  is 
now  circular.  In  the  upper  half  of  the  inferior  fourth,  three  layers  are  constantly 
present :  an  internal  longitudinal ;  a  middle,  which  is  the  strongest,  circular ;  and  an 
internal,  which  is  the  thinnest,  longitudinal.  The  latter  is  derived  from  the  internal, 
but  chiefly  from  the  middle,  which  proceeded  above  from  the  external  layer.  In  the 
lower  half  of  the  inferior  fourth,  three  layers  are  constantly  present :  an  internal  ob- 
lique ;  a  middle,  which  is  the  strongest,  transverse ;  and  an  external,  which  is  the 
weakest,  longitudinal.  The  fasciculi  of  the  outer  muscular  layer  do  not,  therefore, 
pursue  a  rectilinear,  but  a  well-marked  spiral  course. 

Smooth  muscular  fibres  first  make  their  appearance  at  about  the  commencement  of 
the  lowermost  fourth  of  the  external  muscular  layer,  but  even  there  they  are  confined 
exclusively  to  the  innermost  portion,  which,  immediately  above  the  cardia,  is  composed 
of  smooth  muscular  fibres  alone.  The  remaining  layers  are  composed  of  striated  mus- 
cular fibres  up  to  the  point  of  entrance  of  the  oesophagus  into  the  stomach. 

The  nerves  are  arranged  in  the  same  manner  as  in  Man,  but  they  are  more  numer- 
ous. They  lie  between  the  internal  longitudinal  and  middle  circular  layers,  and  pre- 
sent ganglion  cells  which  are  either  scattered  or  are  arranged  in  series  one  behind  the 
other. 

In  the  Rabbit  the  mucous  membrane  of  the  oesophagus  resembles  that  of  Man,  but 
its  external  muscular  layer  is  like  that  of  the  Dog.  The  laminated  pavement  epithe- 
lium increases  in  thickness  downwarda  The  mucous  membnine  is  generally  of  looser 
texture  than  in  Man.  When  a  muscularis  mucosas  exists,  it  is  composed  of  an  inner 
portion,  which  usually  forms  a  delicate  plexus,  and  a  much  thicker  external  portion 
containing  longitudinal  bundles  of  fibres,  supporting,  especially  on  its  outer  surface, 
large  vascular  trunks.  The  papillro  of  the  mucous  membrane  are  few  in  number  in 
the  upper  part,  of  unequal  size,  conical,  with  a  broad  base ;  but  lower  down  they  be- 
come more  numerous,  so  that  just  below  the  middle  they  are  in  close  proximity  to 
each  other. 

The  muscular  layer  of  the  mucous  membrane  is  deficient  at  the  commencement  of 
the  oesophagus ;  but  at  a  somewhat  lower  plane  it  makes  its  appearance  in  the  form 
of  small  scattered  fasciculi,  composed  of  a  few  unstriated  fibres,  running  in  a  longi- 
tudinal direction,  and  separated  by  layers  of  mucous  tissue  of  considerable  thickness. 
In  the  lower  fourth  it  forms  a  continuous  layer  about  0*04  of  a  millimetre  in  width, 
which  is  traversed  by  numerous  vessels  distributed  to  the  papilla;. 

I  have  not  been  able  to  demonstrate  acinous  glands  in  the  oesophagus  of  the  Rabbit. 
The  external  muscular  layer,  having  an  average  thickness  of  0  85  to  0*2  of  a  milli- 
metre, is  composed,  like  that  of  the  Dog,  of  spiral  fasciculi,  which  are  thus  arranged : 
In  the  uppermost  portion  there  are  two  layers,  nearly  equal  in  thickness,  of  which  the 
internal  is  circular,  the  external  longitudinal  in  direction.  In  the  second  fourth  the 
circular  and  longitudinal  layers  run  more  or  less  at  right  angles  to  their  previous 
course,  so  that  in  the  third  fourth  their  relative  position  is  entirely  changed,  and  we 
now  find  an  internal  layer,  consisting  of  longitudinal  fasciculi,  a  middle  of  circular, 
and  an  external  of  longitudinal  fasciculi  In  the  lowermost  fourth,  although  the 
thickness  of  these  layers  differs,  their  disposition  is  unaltered.  The  most  internal 
layer  here  becomes  constantly  thinner,  whilst  the  middle  and  external  progressively 

*  Teichmann,  Das  Saugader  System^  **  The  Lymphatic  System,"  ioc.  dt. 
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increafie  in  tliickneBS.  The  first  two  maintam  the  direction  they  possess  above,  but 
the  grater  number  of  the  faBciculi  of  the  external  layer  run  obliquely.  Unstriated 
muscular  fibres  first  appear  in  the  lower  fourth,  and  in  the  external  muscular  layer  of 
longitudinal  fibres ;  at  first,  only  in  the  form  of  small  fasciculi,  but  lower  down  in- 
creasing so  remarkably  in  number  and  size  that  they  soon  outnumber  the  striated 
fibres,  both  in  the  external  longitudinal  layer  and  in  the  external  portion  of  the  mid- 
dle circular  layer.  In  the  lower  parts  of  ike  inferior  fourth  the  smooth  fibres  do  not 
merely  replace  the  transversely  striated,  but  occur  in  great  numbers  as  a  new  forma- 
tion, BO  that  these  external  layers  in  the  Yidnity  of  the  cardia  exceed  the  two  others 
in  bieadth. 

Bavitsch  *  has  found  the  following  arrangement  of  the  smooth  muscular  fibres  to 
obtain  in  the  Horse,  Calf,  Pig,  Oat,  and  Rabbit. 

In  the  Morse  the  muscular  layers  of  the  cesophagns  are  entirely  composed  of  trans- 
versely striated  fibres  as  far  as  the  thickening  that  is  found  about  20 — 25  centimetres 
above  the  cardiac  orifice ;  below  the  thickening,  smooth  fibres  make  their  appearance 
in  the  inner  layer,  whilst  they  do  not  present  themselves  in  the  external  layer  till  near 
the  cardia. 

In  all  the  above-named  animals  the  transversely  striated  elements  extend  in  both 
layers  of  the  oesophagus  to  a  variable  distance  from  the  cardia,  always  ceasing  sooner 
in  the  inner  than  in  the  outer  layer.  This  last  statement  is,  however,  opposed  to 
that  which,  as  mentioned  above,  I  have  found  to  occur  in  the  oesophagus  of  the 
Babbit. 

Granglion  cells  are  here  still  more  frequently  met  with  than  in  the  Dog ;  not  only 
scattered  amongst  the  fibres  of  the  nerves  running  in  the  external  muscular  layer,  but 
idso  in  the  lower  fourth,  in  the  form  of  microscopic  ganglia,  situated  between  the 
middle  and  external  muscular  layers. 

The  mucous  membrane  of  the  oesophagus  of  the  Bat  is  precisely  similar  to  that  of 
the  Rabbit,  in  regard  to  all  its  parts — epi&elium,  papillse,  and  mucosa — as  well  as  in 
the  distribution  of  the  muscular  layer  of  the  mucosa.  The  external  muscular  layer 
generally  divides  into  a  stronger  internal  and  circular,  and  a  thinner  external  longitu- 
dinal layer.  Here  and  there  the  external  muscular  layer  exhibits  in  its  lowest  por- 
tions an  internal,  strongest,  oblique ;  a  middle,  circular ;  and  an  external,  thinnest, 
longitudinal  layer.  All  the  layers  are  free  from  smooth  muscular  fibres  as  far  as  the 
cardia. 

The  oesophagus  of  Birds  presents  many  points  of  difference  from  that  of  Mammals. 
In  the  fowl  the  mucous  membrane  is  from  0*5  to  0*8  of  a  millimetre  thick,  and  is 
covered  with  laminated  pavement  epithelium,  the  uppermost  cells  of  which  are  tabu- 
lar, and  separated  from  each  other  by  a  broad,  remarkably  sinuous,  intervening  sub- 
stance ;  those  of  the  middle  layers  are  polyhedral,  but  rather  elongated ;  whilst 
those  of  the  deepest  layers  are  spheroidal,  but  usually  somewhat  flattened  by  mutual 
pressure,  and  when  they  surround  a  papilla,  are  directed  obliquely  towards  its  longi- 
tudinal axis. 

The  mucous  layer  succeeding  to  the  epithelium  is  a  thick  felt-like  structure,  com- 
posed of  decussating  fibres  of  varying  size.  From  the  surface  of  the  mucous  layer 
numerous  small,  conical,  vascular  papillae  project  into  the  epithelium.  The  glands  of 
the  oesophagus  are  tubular,  and  are  situated  in  the  mucous  layer ;  they  are  limited 
extemaJly  by  the  muscular  layer  of  the  mucosa,  and  partially  project  through  that 
layer  with  their  extremities.  The  fundus  of  each  exhibits  from  five  to  seven  or  more 
hemispherical  projections,  so  that  they  resemble  acinous  glands.  Their  excretory 
ducts,  as  well  as  their  pullulations,  are  bounded  by  a  very  thin  membrana  propria, 
lined  by  a  delicate  narrow  columnar  epithelium.  In  hardened  preparations  the  cylin- 
ders are  usually  found  empty  (cup  or  goblet  cells,  Becherzellen),  the  flattened  nudLeos 
alone  remaining  attached  to  one  side. 

These  glands  are  always  isolated,  increaite  in  number  towards  the  crop,  and  are 
more  sparingly  distributed  and  smaller  as  they  recede  from  this  towards  the  cervical 
and  the  thoracic  portions  of  the  oeeophagus. 

The  muscular  layer  of  the  mucosa  forms  a  continuous  longitudinal  layer  of  ranooth 
fibres,  situated  external  to  the  mucosa  and  its  glands,  and  presenting,  where  it  is  in 
contact  with  the  fundus  of  a  gland,  a  slight  projection  and  attenuation.  Here  and 
there  small  fasciculi  are  given  off,  which  run  for  some  distance  dronlarly,  and  then 
again  become  langitudinal..     The  submucous  tissue,  containing  the  larger  vascular 

*  J.  Ravitsch,  Ueber  das  Varkommen  guergestreifim  Muskdfasern  im  (Esophagus 
der  Haassdugethiere,  ''  On  the  presence  of  transversely  striated  muscular  fibres  in  the 
CEsophaguB  at  domestio  Animals ;  "  Virchow*8  ArcMff,  Band  xxvii.,  p.  418. 
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trunks  in  its  meshes,  is  continnons  with  the  mucosa  and  the  external  fibrous  layer  of 
the  oesophagus.  The  external  muscular  layer  is  exdusiyely  composed  of  unstriated 
muscular  fibres,  grouped  into  larger  or  smaller  fasdcoli  to  form  an  internal  circular, 
and  an  external,  somewhat  thinner,  longitudinal  layer.  Between  these  two  layers  is 
an  almost  continuous  nervous  layer,  in  which  are  found  numerous  ganglion  cells, 
either  isolated  or  united  into  a  plexus. 

Towards  the  crop  the  mucous  layer  becomes  more  attenuated,  and  the  glands  fewer 
in  number ;  but  the  circular  muscular  layer  increases  in  thickness  in  relation  to  the 
longitudinsiL  In  the  crop  itself  the  epithelium  presents  the  same  character  as  in  the 
oesophagus.     The  mucous  layer  is  here  thinner,  and  there  are  no  glands. 

The  external  muscular  layer  is  more  attenuated  than  in  the  cesophagus  itself. 
The  muscular  layer  of  the  mucosa  is  equal  in  thickness  to  that  of  the  oesophagus, 
and  is  partially  separable  into  an  internal  circular,  and  an  external  longitudinal  layer. 
Hasse  *  found  no  glands  in  the  cervical  portion  of  the  oesophagus  nor  in  the  crop  of 
pigeons,  but  in  the  thoracic  portion  flask-shaped  glands  appeared,  with  a  long  narrow 
neck,  and  an  internal  lining  of  tessellated  epithelium.  In  incubating  pigeons  he  ob- 
served a  remarkable  thickening  at  the  sides  of  the  crop,  due  to  a  growth  of  epithelial 
cells  filled  with  oil-drops,  and  resembling  those  in  the  milk  follicles  of  Mammals. 

In  the  Newt  and  Frog  the  mucous  membrane  of  the  oral  cavity  behind  the  tongue 
passes  directly  into  the  mucous  membrane  of  the  intestinal  tract,  which  has  now  be- 
come converted  into  a  complete  closed  tube. 

The  oesophagus  of  the  Triton  consists  of  an  epithelium,  a  mucous  layer,  an  external 
muscular  layer,  and  an  investing  fibrous  membrane.  The  epithelium,  like  that  of  the 
oral  cavity,  is  columnar.  The  several  cells  are  conical,  with  the  narrow  end  more  or 
less  prolonged ;  whilst  the  base,  directed  towards  the  free  surface,  is  beset  with  long 
cilia.  Their  shape  may  either  be  simply  conical  or  strongly  ventricoee  near  the  sur- 
face, and  then,  becoming  suddenly  attenuated,  send  a  long  process  into  the  deeper- 
lying  parts;  or  they  may  exhibit,  when  examined  in  the  fresh  state,  a  nucleated 
swelling  in  this  process.  Between  the  penetrating  processes  of  the  superficial  cells 
fusiform  cells  are  interposed,  and  between  these  again  are  here  and  there  spheroidal 
cells  with  relatively  laige  nuclei.  In  transverse  sections  of  the  longitudinal  folds  of 
the  mucous  membrane  the  penetrating  processes  of  the  conical  ciliated  cells  are  not 
directed  perpendicularly  from  the  surSaoe,  but  are  curved  at  their  extremities.  Hence 
in  many  parts  these  processes  appear  to  be  continuous  with  the  elements  of  the  mu- 
cous membrane.  The  mucous  membrane  consists  of  broad  fasciculi  of  connective 
tissue,  which  present  a  looser  texture  toward  the  external  muscular  layer,  and  there 
form  larger  meshes,  whilst  nearer  the  epithelium  the  tissue  is  more  compact.  Faad- 
ouli  of  connective  tissue  penetrate  perpendicularly  to  the  surface  between  the  fasciculi 
of  the  external  muscular  layer,  decussating  once  or  twioe  at  their  entrance  into  the  mu- 
cous membrane,  and  thus  forming  numerous  spaces  of  considerable  size,  which  are 
either  occupied  by  thin-walled  large  vessels,  or,  being  lined  with  epithelium,  probably 
belong  to  the  lymphatic  system.  Amongst  these  fasciculi  extending  towards  the  sur- 
face are  found  a  variable  number  of  fusiform  elements,  with  rod-like  or  elongated 
nuclei  These  are  directly  continuous  with  the  fusiform  cells  of  the  innermost  fasci- 
culi of  the  external  muscular  layer,  and  are  consequently  to  be  regarded  as  smooth 
muscular  fibre  cells. 

There  is  consequently  here  no  independent  muscularis  mucosae.  In  the  small  and 
delicate  meshes  of  the  mucous  layer,  laige,  irregular,  or  spheroidal  masses  of  proto- 
plasm lie  isolated  from  one  another. 

The  external  muscular  layer  consists  exclusively  of  smooth  muscular  fibres,  the 
oontour  of  which  is  either  rectilinear  or  sinuous,  and  which  contain  an  elongated  and 
often  pointed  nudens.  It  is  not  eveiywhere  of  equal  thidmess,  luid  does  not  through- 
out its  whole  circumference  consist  of  two  distinct  layers  ;  on  the  contrary,  the  ex- 
ternal fasciculi  interlace  to  a  considerable  extent  with  the  internal,  so  that  in  trans- 
verse sections  a  dose  network  of  muscular  fibres  is  found,  interrupted  only  by  a  small 
quantity  of  connective  tissue.  In  many  instances  the  direction  of  the  internal  fasd- 
cmli  is  horizontal,  and  that  of  the  eiftemal,  oblique,  or  more  rarely  longitudinaL 

There  are  no  glands. 

In  the  oesophagus  of  the  Frog  the  mucous  membrane  is  lined  with  ciliated  epithe- 
lium, similar  in  tiiickness  and  form  to  that  already  described  in  the  Triton.  In  prepa- 
rations hardened  in  alcohol,  nothing  but  cup  or  goblet  shaped  cells  are  to  be  found 
over  tracts  of  considerable  extent. 

*  C.  Hasse,  Ueber  den  (Esophagut  der  Tauben^  etc.,  **0n  the  (Esophagua  of  the 
Pigeon ;  '*  Henle  and  Pfeuffer's  ZeiUchrift,  8.  Beihe,  Band  xxiii,  p.  101. 
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The  mncons  membrane  is  stronglj  developed;  its  fasciculi  pttrsue  a  horizontal 
conise  parallel  to  one  another  from  without  inwards  till  they  reach  the  epithelium^ 
beneath  which,  becoming  bent  at  right  angles,  they  assume  a  plexif  orm  arrangement. 
The  portion  in  contact  with  the  external  muscular  layer,  that  is  to  say,  the  submucous 
tissue,  contains  the  larger  vascular  trunks  in  its  meshes. 

The  acinous  glands  in  the  Frog  form  an  almost  continaous  layer  from  0 '4  to  0 '5  of 
a  millimetre  in  thickness.  The  acini  vary  in  sice,  and  are  rounded  or  oval  in  form. 
They  are  lined  by  an  epithelium  consisting  of  closely  compressed,  rounded,  or  flattened 
by  mutual  pressure,  cubical,  or  cylindrical  cell&  No  muscularis  mucosae  exists  in  the 
upi)er  part,  but  in  the  lower  there  is  to  be  found  in  patches  situated  externally  to  the 
glimds  a  not  very  strong  layer  of  longitudinal  smooth  muscular  fibres,  from  which,  as 
well  as  from  the  circular  layer  of  the  external  muscular  coat  of  the  upper  part,  a  few 
fasciculi  are  given  off,  that  penetrate  between  the  glands. 

The  external  muscular  coat  consists  generally  of  an  internal  circular  and  an  ex- 
ternal longitudinal  layer.  FascicuU  of  fibrous  tissue  of  various  size,  given  off  from 
the  fibrous  sheath  investing  the  muscular  coat  externally,  penetrate  between  the 
muscular  fasciculi,  forming  thin  septa,  and  constituting  the  support  of  the  larger 
vessels  and  nerves  as  well  aa  of  the  capillaries  and  the  smallest  nervous  twigs. 

Before  we  pass  to  the  consideration  of  the  histology  of  the  stomach  we 
must  investigate  the  mode  of  transition  of  the  several  layers  of  the  cesophagus 
into  those  of  the  cardia.  In  the  oesoph^igus  of  man  the  laminated  pavement 
epithelium  extends  to  the  cardia,  where  it  ceases  with  a  dentated  border, 
and  is  replaced  by  a  columnar  epithelium.  The  mucous  layer  in  its  more 
restricted  sense  becomes  rapidly  thicker,  in  consequence  of  the  additional 
series  of  glands  that  here  make  their  appearance;  so  that  the  muscular 
layer  of  the  mucous  membrane  becomes  constantly  separated  by  a  greater 
diJstanoe  from  the  epithelium,  and  at  the  same  time  diminishes  in  thickness. 

The  submucous  tissue  in  general  diminishes  in  thickness  at  the  cardia, 
and  is  divisible  into  an  internal  looser  and  an  external  more  compact  layer. 
In  the  former  lie  the  great  vessels,  whilst  the  fasciculi  of  the  latter  pene- 
trate between  the  fasciculi  of  the  muscularis  externa. 

There  are  no  acinous  glands  immediately  above  the  cardia. 

The  external  muscular  layer  shows  fhe  most  important  changes ;  the  cir- 
cular muscular  fibres  which  are  directly  continuous  with  those  of  the  cardia 
are  most  strongly  developed  just  above  it;  at  the  cardia  itself,  and  just  be^ 
low  it,  they  again  diminish  in  thickness.  The  disposition  of  the  longitudinal 
fibres  is  similar,  except  that  their  fasciculi  frequently  decussate  so  that  they 
form  a  dense  plexus.  At  the  same  time,  after  assuming  this  plexiform 
arrangement,  some  of  them  extend  into  the  circular  muscular  layer,  sur- 
rounding its  most  external  fasciculi  in  order  to  become  still  more  internal 
at  a  lower  point.  According  to  Henle,*  the  longitudinal  fibres  of  the 
oesophagus  partly  terminate  at  the  cardia,  but  the  majority  are  distributed 
upon  the  stomach,  diverging  from  one  another  in  various  directions.  The 
middle  portion  of  the  fibres  of  the  right  half  of  the  oesophagus  extends  un* 
interruptedly  in  thick  masses  along  the  upper  curvature  of  the  stomach ; 
the  remainder  radiate  upon  the  anterior  and  posterior  walls  of  the  stomach 
in  slightly  diverging  fasciculi,  arranged  in  a  plexiform  manner  towards  the 
lower  curvature,  to  which,  however,  they  do  not  reach. 

From  the  left  half  of  the  oesophagus  only  delicate  fasciculi  extend  to  the 
upper  border  of  the  fundus.  Two  sets  of  fasciculi  attach  themselves  to  the 
right  and  left  diverging  longitudinal  fibres  of  the  oesophagus,  which,  slightly 
curved  outwards,  and  altering  their  course  from  the  horizontal  to  the  verti- 
cal direction,  extend  over  the  anterior  and  posterior  surfaces  of  the  stomach. 
These  two  single-shaped  bands  of  fibres  which  decussate  in  their  course 

*  Henle,  BpUmelmoiogie,  p.  161. 
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downwards  from  tbe  cardia  upon  the  anterior  and  posterior  wall  of  the 
stomach,  are  the  continuations  of  the  circular  fibrous  layer  of  the  oesophagus. 

The  laminated  pavement  epithelium  at  the  cardia  of  the  Dog  is  replaced, 
as  in  man,  by  simple  columnar  epithelium ;  the  mucous  layer  becomes  thinner 
at  the  cardia,  since  the  gland  tubes  there  present  gi'adually  increase  in  size. 
Consequently  the  muscularis  mucosas,  which  in  the  lowermost  portions  of 
the  oesophagus  was  situated  between  the  glands  for  an  ai-ea  of  0.5  millimetre 
in  breadth,  becomes  more  externally  placed  in  order  to  form  a  continuous 
layer  at  the  base  of  the  new  series  of  tubes  commencing  at  the  cardia.  The 
acinous  glands  of  the  mucous  layer  of  the  oesophagus  do  not  cease  at  the 
cardia  itself,  but,  becoming  at  the  same  time  smaller,  reach  to  a  distance  of 
three  millimetres  below  the  line  at  which  the  columnar  epithelium  of  the 
stomach  begins.  These  are  sometimes,  although  rarely,  only  the  lowermost 
lobules  of  a  gland,  the  excretory  duct  of  which  opens  directly  at  the 
boundary  line  between  the  oesophagus  and  stomach,  so  that  above  the 
upper  wall  at  the  inner  end  of  the  excretory  duct  the  laminated  pavement 
of  the  oesophagus  ceases,  whilst  below  the  lower  wall  the  columnar  epithe- 
lium of  the  stomach  commences.  In  other  causes  two  rows  of  acinous  glands 
are  found  at  the  commencement  of  the  cardiac  portion,  the  excretory  ducts 
of  which  open  between  the  tubes  with  narrow  calibre,  that  here  begin  to 
be  developed. 

The  submucous  tissue  of  the  oesophagus  likewise  diminishes  in  thickness 
as  it  passes  through  the  cardia  into  the  stomach.  The  external  muscular 
layer  undergoes  the  following  changes  at  the  same  part: — 

The  fasciculi  of  smooth  muscular  tissue  of  the  inner  layer  of  the  oesophagus 
lying  next  to  the  cardia,  after  having  remarkably  increased  in  size,  and  as- 
sumed a  transverse  direction,  attach  themselves,  without  any  defined  line 
of  demarcation,  to  the  circular  muscular  layer  of  the  stomach,  the  fasciculi  of 
which  are  likewise  very  strong.  Those  fasciculi  of  the  inner  layer  that  are 
more  remote  from  the  cardia,  as  they  change  their  direction  from  the  oblique 
into  the  longitudinal,  enter  the  external  longitudinal  coat  of  the  stomach, 
the  iiuiei-most  portion  of  which  they  form.  They  chiefly  consist  of  smooth 
muscular  fibres,  and  in  order  to  reach  the  longitudinal  muscular  layer  of  the 
stomach,  run  outwards  round  the  transverse  fiBLSciculi  of  the  inner  layer 
lying  close  to  the  cardia.  The  middle  transvei^se  layer  of  the  lowest  portion 
of  the  oesophagus  ceases  almost  entirely  after  rapidly  diminishing  in  thick- 
ness at  the  cardia,  only  a  few  transversely  striated  fibres,  with  the  smaller 
part  of  the  external  longitudinal  muscular  coat  of  the  oesophagus,  passing 
into  the  external  longitudinal  muscular  layer  of  the  stomach,  the  most  ex- 
ternal portion  of  which  they  form.  Amongst  the  transversely  striated 
fibres  which  preponderate  in  this  external  layer  are  a  few  fasciculi  of  smooth 
muscular  fibres.  The  middle  and  strongest  portion  of  the  external  longitu- 
dinal muscular  coat  commences  at  the  cardia  itself,  and  is  exclusively 
composed  of  unstriated  muscle.  This  layer  of  smooth  muscular  fibres  is 
consequently  introduced  between  the  fasciculi,  chiefly  composed  of  smooth 
muscles,  which  are  derived  from  the  more  remotely  situated  portions  of  the 
internal  layer  of  the  oesophagus  and  the  transversely  striated  muscular  fibres 
proceeding  from  the  external  longitudinal  muscular  tunic. 

Immediately  after  the  passage  of  the  oesophagus  through  the  foramen 
oesophageum,  isolated  oblique  and  transversely  striated  muscular  fasciculi 
are  found  in  the  external  fibrous  sheath.  Whether  these  are  derived  from 
the  longitudinal  muscular  layer  of  the  oesophagus,  or  from  the  surrounding 
tissues,  I  am  not  at  present  in  a  position  to  determine. 

In  Kabbits  the  mucous  membrane  at  the  passage  of  the  oesophagus  into 
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the  cardia  presents  the  same  features  as  in  man;  but  the  external  muscular 
coat  differs  in  some  respects  both  from  that  of  man  and  that  of  the  dog. 
For  the  internal  longitudinal  fasciculi,  after  diminishing  in  number  and 
size,  completely  cease  at  the  lower  extremity  of  the  oesophagus ;  whilst  both 
the  middle  circular,  and  the  external  longitudinal  layers,  after  they  have 
become  entirely  composed  of  smooth  muscular  fibres,  and  are  increased  in 
thickness,  pass  each  in  nearly  equal  strength  respectively  into  the  circular 
and  longitudinal  layers  of  the  cardia. 

In  the  Triton  a  few  acinous  glands  occur  just  above  the  cardia,  at  the 
lower  extremity  of  the  oesophagus,  in  the  form  of  a  nearly  circular  zone,  and 
exhibit  the  same  structure  as  those  in  the  oesophagus  of  the  frog.  They 
pass  directly  into  the  tubular  peptic  glands  of  the  cardia,  the  excretory 
ducts  becoming  shorter,  and  their  acini  diminishing  in  number  and  size. 

The  smooth  muscular  fibres  first  appearing  in  the  form  of  small  fasciculi 
around  the  above-mentioned  acinous  glands,  are  arranged  where  the  tubular 
glands  are  developed,  as  an  independent  muscularis  mucosae,  situated  exter- 
nally to  the  tubes ;  whilst  the  fasciculi  of  the  external  muscular  coat,  which 
in  the  lower  part  of  the  oesophagus  are  not  distinctly  separable  into  two 
layers,  are  here  grouped  into  an  internal  circular  and  an  external  longitudi- 
nal layer. 

The  same  changes  which  occur  in  the  oesophagus  of  the  frog  at  the  point 
of  transition  into  the  cardia  are  here  in  every  respect  i^epeated.  The  por- 
tion of  the  mucous  membrane  situated  internally  to  the  acinous  glands, 
between  them  and  the  epithelium,  diminishes  in  thickness  in  proportion  to 
the  reduced  length  of  the  excretoi^  ducts  of  the  glands.  At  the  same  time 
the  glands  decrease  in  size,  are  arranged  in  closer  proximity  to  one  another, 
and  pass  by  gradual  transition  into  the  peptic  glands,  which  are  at  first  vesi- 
cular, but  subsequently  more  elongated  and  tubular  at  their  fundus. 

The  mucous  layer  consequently  suffers  a  transposition,  in  a  topographical 
point  of  view  ;  for  whilst  above  it  is  situated  between  the  epithelium  and 
the  glands,  below  it  extends  between  the  glands  theioiselves,  whilst  it  dimin- 
ishes in  thickness  from  the  lower  end  of  the  oesophagus  towards  the  cardiac 
orifice. 

Immediately  above  the  cardia  a  muscularis  mucosee  is  still  found  external 
to  the  glands  in  the  form  of  partly  circular,  partly  longitudinal  or  decus- 
sating fasciculi  of  smooth  muscular  fibres,  which,  in  proportion  to  the 
approximation  of  the  glands  to  the  surface,  bend  inwards  in  order  that, 
since  they  always  remain  attached  to  the  outer  border  of  the  glands,  they 
may  form  a  continuous  musculans  mucosse  investing  the  fundus  of  the  gland 
tubes  at  the  cardia  itself. 

Where  the  acinous  glands  begin  to  undergo  their  modification,  the  sub- 
mucous tissue  of  the  oesophagus  increases  considerably  in  thickness,  but 
again  diminishes  as  soon  as  the  tubular  glands  make  their  appearance  in  the 
mucous  membrane.  The  external  musculature  augments  in  thickness  to- 
wards the  cardia,  and  is  so  ari*anged  that,  as  in  the  dog,  the  layer  of  circular 
fibres  at  the  upper  part  of  the  stomach  to  a  certain  extent  constitutes  a 
sphincter. 

At  the  cardia  numerous  fasciculi  from  the  external  portion  of  the  circular 
layer  extend  obliquely  to  the  inner  portion  of  the  longitudinal  layer,  with 
which  they  become  continuous  after  they  have  decussated  with  the  fieisci- 
culi  derived  from  the  inner  portion  of  the  longitudinal  layer,  which  are 
directed  obliquely  downwards  into  the  external  portion  of  the  circular 
layer. 

24 
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D.  Stomach. 

The  mucous  iperabrane  of  the  stomach  is  in  general  easily  movable  over 
the  muscular  layer,  being  connected  with  it  by  a  very  loose  submucous 
tissue,  and  when  the  stomach  is  empty,  or  during  the  conti-action  of  its 
muscles,  it  forms  numerous  transverse  longitudinal  folds  of  various  size, 
meeting  one  another  at  oblique  angles,  and  presenting  a  plexiform  appear- 
ance. This  is  particularly  well  marked  in  the  cardiac  extremity  and  greater 
portion  of  the  left  side  of  the  stomach  ;  whilst  in  the  region  adjoining  the 
pylorus,  as  is  very  distinctly  visible  in  the  ^rabbit,  where  the  mucous  mem- 
brane is  more  intimately  connected  with  the  muscular  layers,  the  folds  of 
the  former  are  either  altogether  absent,  or  only  sparingly  present.  The 
epithelium  is  of  the  simple  columnar  variety,  and,  commencing  at  the  border 
of  the  cardiac  orifice  in  man,  is  equally  distributed  over  the  whole  surface 
of  the  stomach.  The  individual  cells  form  columnar  or  truncated  cones, 
and  in  preparations  that  have  been  hardened  in  chromic  acid  are,  over  sur- 
fiftoes  of  considerable  extent,  cup  or  goblet-shaped. 

The  mucous  layer  of  the  stomach  in  the  new-born  child  increases  in  thick- 
ness, though  not  quite  regularly,  from  the  cardia  towards  the  pylorus  ;  the 
tubular  glands  of  the  stomach  are  imbedded  in  it,  in  close  proximity  to  one 
another,  separated  only  by  a  sparing  quantity  of  tissue.  At  the  cardia  the 
glands  commence  as  short  indentations  of  the  mucous  membrane ;  but,  rapidly 
increasing  in  length,  soon  form  cylindrical  tubes  opening  separately,  or  by  a 
single  wider  orifice  common  to  two  or  even  three.  The  fundus  of  the  tubes 
is  in  most  instances  somewhat  club-shaped,  and  more  or  less  curved  or  con- 
torted, and  at  the  cardiac  and  pyloric  portions  it  is  divided  into  two  or  more 
smaller  cylindrical  branches.  Commencing  from  the  middle  of  the  larger 
curvature,  and  proceeding  towards  the  pylorus,  the  number  of  tubes  in  the 
fundus  which  do  not  present  division  at  their  extremities  usually  progres- 
sively predominates  over  those  that  are  divided.  At  the  pylorus  itself,  the 
nearer  the  point  of  its  transition  into  the  duodenum  is  approximated,  the 
greater  is  the  number  of  the  tubes  that  assume  the  elongated  simple  form. 

Accoirdiiig  to  Bischoff,*  glands  of  peculiar  form  are  present  in  the  region  of  the 
pylorus ;  according  to  £cker,f  the  glands  ore  generally  only  tabular,  except  those  la 
the  neighborhood  of  the  pyloros,  which  are  acinous.  Kolliker}  found  in  a  small 
zone  of  the  cardia,  and  in  the  pale  zone  of  the  pylorus,  compound  tubular,  but  in  the 
larger  middle  portion  of  the  stomach,  which  becomes  of  a  lively  red  color  during 
digestion,  only  simple  tabular  glands. 

The  columnar  epithelium  is  continued  into  the  gland  tubes  to  a  variable 
depth.  The  glands  at  the  upper  border  of  the  cardia  are  lined  throughout 
with  this  form  of  epithelium.  At  a  distance  of  from  one-half  to  two  milli- 
metres below  the  upper  boundary-line  of  the  cardia^  the  columnar  epithelium 
lining  the  tubes  is  replaced  at  the  fundus  of  the  glands  by  spheroidal  or 
elongated  dark  or  pale  strongly  granular  cells,  often  resembling  bi-convex 
lenses.  This  replacement  quickly  extends  upwards,  so  that  the  tubes  soon 
appear  to  be  lined  with  pepsine  cells  as  far  as  their  uppermost  third.  This 
relation  obtains  approximatively  as  far  as  to  the  middle  of  the  large  curvature. 
Commencing  from  the  middle  of  the  large  curvature  the  columnar  epithe- 
lium reappears,  extending  fisirther  down  as  the  pylorus  is  approached,  until 
at  length  it  replaces  the  pepsine  cells,  even  at  the  fundus  of  the  tubes.  In 
this  respect  there  is,  however,  but  little  regularity,  since  tubes  may  be  met 


•  Mliller'B  Archiv,  1888,  p.  513. 

IZdUchriftfur  rationale  Medioin^  N.  F.,  p.  248. 
Oewebdehre,  pp.  400  and  402. 
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with  not  fer  from  the  gi*eat  curvature  which  are  lined  throughout  with 
columnar  epithelium;  whilst,  on  the  other  hand,  othei:s  occur  near  the 
pylorus,  which,  for  more  than  half  their  extent,  are  lined  by  pepsine  cells. 
We  constantly  meet  at  the  pylorus  with  many  (in  some  cases  nearly  all)  of 
the  gland  tubes,  both  simple  and  compound,  but  especially  the  latter,  that 
are  lined  throughout  by  columnar  epithelium,  in  close  proximity  to 
othera  in  which  the  sides,  and  in  part  the  fundus,  of  the  tubes  are  lined 
with  pepsine  cells,  or  next  to  those  in  which  only  the  smaller  part  is  covered 
with  columnar  epithelium. 

Fig.  127. 


Fig.  137.  Transverse  seotion  through  the  fundus  of  the  stomach  in  a  Child,  a  a, 
cylindrical  epithelium ;  h  by  peptic  tubes  ;  c  c,  musoalaris  mucosse  ;  d  d,  submuoous 
tissue ;  e,  circalar  muscular  layer ;  /,  longitudinal  muscular  layer ;  g^  peritoneum ; 
h,  ganglion  of  Anerbach. 

In  the  newly  bom  infant  the  columnar  epithelium  generally  extends 
somewhat  farther  than  half-way  down  the  tube.  After  what  has  been 
stated  above,  it  is  impossible,  therefore,  to  admit  that  there  is  any  such  dis- 
tinction of  two  kinds  of  gland  tubes,  one  lined  by  peptic  cells,  and  the 
other  with  cylindrical  epi&elium  as  has  been  represented  by  Henle,*  Kol- 
liker,t  Donders,!  and  Leydig.§     Gerlach,]  some  time   ago,  noticed  that, 

*  Bj^nchnobgie^  p.  157. 

SWurzburger  Verhandlungm^  Band  iv.,  p.  52. 
PhysMogiey  Band  i. ,  p.  204. 
Eistdhgie,  p.  293. 
GewebeUhre,  p.  308. 
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although  the  columnar  epithelium  extended  to  a  greater  distance  down  the 
tubes  near  the  pylorus  than  at  the  fundus,  still  glands  may  even  there  be  met 
with,  the  bottom  of  which  is  not  covered  with  this  form  of  epithelial  cell. 
Mayer,*  and  even  Henle  f  have  seen  gland  tubes  in  the  pyloric  region  of 
the  stomach  of  an  executed  criminal  lined  throughout  with  peptic  cells. 
The  wall  of  the  glands  found  in  the  gastric  mucous  membrane  is  structure- 
less. Henle};  observed  in  it,  as  well  as  in  the  membrana  propria  of 
other  glands,  small  stellate  cells,  which,  in  preparations  long  macerated  in 
chromate  of  potash,  become  smooth  and  very  finely  granular.  Henle  also 
observed  that  the  cells  give  off  at  the  plane  of  the  membrana  propria  from 
three  to  ten  processes,  which  run  in  all  dii'ections,  and  which,  whether 
broad  or  narrow  at  their  origin,  gradually  become  attenuated  and  branched, 
the  branches  communicating  with  each  other.  He  therefore  considered  it 
probable  that  these  cells  are  of  a  nervous  nature,  although  he  has  in  vain 
endeavored  to  trace  their  connection  with  nerve  fibres. 

The  tissue  of  the  mucous  layer  is  either  a  fibrous  mesh  work  or  adenoid 
tissue.  The  fasciculi  of  fine  connective  tissue  occurring  in  and  traversing 
the  mucous  layer  in  company  with  the  vessels  from  the  submucous  tissue 
which  penetrate  the  fieisciculi  of  the  muscularis  mucosae,  unite  frequently  in 
a  plexiform  manner  between  the  gland  tubes,  and  include  between  their 
fibres  a  variable  number  of  lymph  corpuscles. 

An  adenoid  network  of  cells,  in  the  meshes  of  which  lymph  corpuscles 
are  contained,  is  also  found  here  and  there  between  the  extremities  of  ad- 
joining gland  tubes  as  well  as  just  below  the  surface  of  the  mucous  mem- 
brane. 

In  newly  born  infants  the  muscularis  mucosas,  or  muscular  layer  of  the 
mucous  membrane,  is  from  0*01 — 0'05  of  a  mUlimetre  thick,  and  in  adults 
from  0*05 — 0*1  of  a  millimetre,  and  by  its  continuity  separates  the  mucous 
from  the  submucous  layer,  forming  consequently  a  level  layer  just  external 
to  the  extremities  of  the  gland  tubes.  The  fasciculi  of  this  muscular  layer 
of  the  mucous  membrane  commencing  from  the  cardia  run  chiefly  in  a  longi- 
tudinal direction,  but  the  internal  fasciculi  are  partly  circular  and  partly 
oblique,  and  the  external  longitudinal  or  oblique.  Where  the  fasciculi  of 
the  one  or  the  other  layer  run  obliquely,  they  decussate  ;  and  if  they  were 
in  the  first  instance  internal  and  longitudinal,  penetrate,  after  decussating, 
into  the  internal  circular  layer.  They  present  an  inverse  relation,  if  before 
the  decussation  they  constituted  a  portion  of  the  internal  circular  layer ; 
for  in  that  case,  after  the  decussation,  they  enter  into  the  external  longi- 
tudinal layers.  Both  from  the  internal  and  external  longitudinal  layers  of 
the  muscularis  mucosas  small  fasciculi  are  given  off,  which  extend  between 
the  extremities  of  two  tubes  into  the  mucous  membrane.  Here  they  either 
run  parallel,  or,  if  they  do  not  pass  off  at  right  angles  to  the  muscularis 
mucosae,  decussate  with  an  adjoining  fasciculus,  in  order  then  first  to  break 
up,  forming  a  kind  of  pocket  composed  of  smooth  muscular  fibres  running 
perpendicularly  to  the  surface  and  embracing  the  several  tubes.  The  num- 
ber of  muscular  fibres  constantly  diminishes  towards  the  surface.  When  a 
few  muscular  fibres  extend  as  &r  as  the  epithelium,  they  bend  in  a  direc- 
tion parallel  to  the  surface,  and  are  no  longer  capable  of  being  followed  in 
the  sub-epithelial  tissue,  or  they  run  between  the  fibres  of  fresh  fasciculi. 


*  Beriehte  der  Freiburger  naturwiss,  QeseUw^ft,  No.  0,  p.  147. 
f  Log.  dt.,  p.  159, 
i  Loe.  eU.,  p.  46. 
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whi6li  here  and  there  course  in  a  direction  parallel  to  the  surface  beneath 
the  epithelium. 

The  submucous  tissue  which  occupies  the  folds  of  the  mucous  membrane 
resembles  that  of  the  oesophagus,  and  just  as  the  latter  stands  in  relation 
with  the  septa  of  the  muscularis  externa,  and  of  the  external  fibrous  layer, 
so  it  is  here  in  relation  with  the  peritoneal  investment,  with  the  septa  of 
the  muscularis  mucosce,  and  with  the  mucous  layer  itself. 

The  thickness  of  the  submucous  tissue  in  the  stomach  of  the  newly  bom 
child  amounts,  in  hai'dened  preparations,  upon  the  average,  to  0*35  of  a 
millimeter. 

Lymph  follicles,  either  in  the  form  of  glandul»  lenticulares,  or  aggre- 
gated into  Peyer's  patches,  such  as  have  been  described  as  occurring  in  the 
stomach  by  Frerichs,*  Bruch,f  BischofF,J  and  Kolliker,§  I  have  been  unable 
to  discover  in  any  of  the  animals  I  have  examined.  It  does  indeed  happen 
that  certain  portions  of  the  mucous  membrane  of  adults  is  more  strongly 
infiltrated  with  corpuscles  than  othera,  but  these  spots  have  no  definite 
limiting  membrane.  They  may  project  to  some  extent  from  the  surface, 
and  may  thus  have  given  rise  to  the  idea  of  their  being  proper  lenticular 
glands. 

In  regard  to  the  lymphatics  of  the  stomach,  we  know  from  the  investi- 
gations of  Teichmann,!  that  in  the  dog  they  form  a  superficial  plexus  lying 
beneath  the  ciecal  extremities  of  the  tubular  glands,  and  a  deeper  plexus' 
situated  between  the  muscularis  mucosa  and  the  muscularis  externa,  and 
consequently  in  the  submucous  tissue.  In  the  entire  glandular  bed  no 
vessels  of  this  kind  are  present.  The  vascular  plexus  above  mentioned 
does  not  communicate  with  the  capillary  lymphatic  system  of  the  serous 
membrane  directly,  but  through  the  intermediation  of  trunks  provided  with 
valves. 

As  Remak^  has  shown,  and  as  has  been  corroborated  by  many  histologists, 
the  nerves  of  the  stomach  possess  numerous  ganglia,  both  in  the  muscularis 
externa  and  in  the  submucous  tissue.  I  find  in  newly  bom  children,  that 
the  greater  number  of  ganglia  are  situated  between  the  fasciculi  of  the  longi- 
tudinal fibrous  layer  reaching  externally  to  the  peritoneal  investment,  and 
internally  to  the  circular  muscular  layer,  and  forming,  in  parts,  a  continuous 
chain.  In  the  submucous  tissue,  as  in  other  parts  of  the  intestinal  canal, 
the  nerves  form  a  plexus,  in  which,  as  has  already  been  mentioned,  numer- 
ous ganglia  are  also  found. 

The  external  muscular  layer  presents,  at  the  commencement  of  the  large 
curvature  of  newly  bom  children,  a  thickness  of  0*96  to  1*1  of  a  millimetre ; 
the  circular  muscular  layer  has  a  thickness  of  0*7  to  0*85  of  a  millimetre. 
The  fasciculi  of  this  last  do  not  here  run  parallel,  but  frequently  decussate. 

The  fasciculi  of  the  longitudinal  muscular  layer  give  off  branching  fasci- 
culi, which,  after  frequent  decussation,  penetrate  in  an  oblique  direction  into 
the  circular  layer.  Smaller  fasciculi  also  penetrate  into  the  submucous 
tissue  ;  these  are  continuous  with  the  inner  portion  of  the  circular  layer, 
and  originate  the  fibrss  obliqu»  that  will  hereafter  be  described.  According 
to  Treitz**  they  terminate  in  the  mucous  membrane,  with  elastic  tendons. 


♦  Frerichs,  toe.  eit. 

I  Bmoh,  ZeiUehrift  fwr  raHonsSe  Medidn^  Band  viii.,  p.  276. 

I  BischofF,  loc,  cU.,  Taf.  ziv.,  fig.  4. 


Oewebdehre,  p.  403. 

^1  Teichmaim,  Das  Sa/ugader  System^  etc.,  a.  a.  O. 
I  A.  a.  O. 
♦♦  TreiU,  Prager  Viertdjahressehrift,  eta,  loo.  eit. 
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In  the  greater  portion  of  the  cardiac  extremity  of  the  stomach,  a  distinct 
division  of  the  muscularis  externa  is  to  be  observed,  into  an  internal  circular, 
and  an  external  longitudinal  layer,  having  a  thickness  of  0*25  of  a  millimetre. 
In  proportion  as  the  pylorus  is  approximated  along  the  greater  curva- 
ture, the  external  muscular  layer  becomes  stronger,  which  is  effected  chiefly 
by  an  increase  in  thickness  of  the  circular  layer,  which  amounts  in  the  child 
to  as  much  as  1*144  of  a  millimetre.  The  fasciculi  of  the  latter  layer  radiate 
obliquely,  both  towards  the  anteiior  and  the  posterior  surfaces. 

l^e  flbr89  obliqu»  of  the  stomach,  situated  for  the  most  part  within  the 
proper  circular  layer,  have  been  accurately  examined  by  Gillenskoeld,* 
according  to  whom  the  layer  of  oblique  fibres  is  not  so  shai^ly  defined  from 
the  circular  as  this  is  from  the  longitudinal,  but  the  several  oblique  fibres 
are  continuous  with  the  circular,  and  each  set  passes  into  the  other.  The 
oblique  fibi*es  foim  a  girdle  around  the  cardia,  and  run  on  the  anterior  and 
posterior  surfaces  of  the  stomach,  as  far  as  the  antrum  pylori.  In  accordance 
with  his  description,  two  portions  of  the  oblique  layer  may  be  distinguished ; 
one  superior  and  horizontal  running  in  a  forked  manner  over  the  left  side 
of  the  cardia,  and  extending  to  the  antnun  pyloricum  itself  whilst  the  other 
consists  of  shorter  fasciculi,  that  run  downwards,  and  sooner  enter  the  cir- 
cular layer.  At  the  plyorus  itself,  when  the  stomach  is  continuous  with 
the  duodenum,  the  circular  muscular  layer  in  the  infant  attains  a  thickness 
of  2 '64  millimetres,  whilst  the  longitudinal  layer  is  reduced  to  a  minimum, 
the  greater  number  of  its  fasciculi  having  entered  the  circular  layer.  The 
passage  of  the  stomach  into  the  duodenum  is  effected  by  this  sphincter, 
which  constitutes  the  valvula  pylori.  With  the  termination  of  the  sphincter 
pylori,  various  changes  occur ;  the  gland  tubes  of  the  mucous  layer  become 
more  simple,  equal  in  diameter  throughout,  and  completely  lined  with 
cylindrical  epithelium.     They  are  now  called  the  Crypts  of  Lieberktihn. 

In  the  submucous  tissue,  acinous  glands  occur  iA  close  contact  with  the 
muscularis  muoossa  (Brunner's  Glands),  which,  at  first  smaU,  soon  increase 
in  size,  and  penetrate  with  their  excretory  ducts  the  muscularis  mucosie  and 
the  mucosa  itself.  Where  the  first  lobuli  of  these  glands  occur,  small  fasci- 
culi are  given  off  from  the  external  portion  of  the  muscularis  mucosn,  which 
run  for  a  short  distance  external  to  the  glands,  and  separate  them  from  the 
adjoining  submucous  tissue. 

Acinous  glands  consequently  first  make  their  appearance  at  the  com- 
mencement of  the  duodenum. 

[In  the  Dog  the  tubular  glands  of  the  mucosa,  like  those  of  man,  com- 
mence as  short  involutions  of  the  mucous  membrane  lined  throughout  by  a 
continuation  of  the  columnar  epithelium  of  the  surface.  At  the  commence- 
ment of  the  cardia  they  are  divided  and  irregularly  dilated  at  their  extrem- 
ity. About  three  millimeti'es  lower  down  they  assume  the  form  of  simple 
tubes,  slightly  dilated  at  their  extremity.  At  the  same  time  the  columnar 
cells  are  replaced  at  the  bottom  of  the  tube  by  secreting  cells,  which  gradu- 
ally extend  towards  the  opening ;  the  glands  coincidently  becoming  con- 
siderably increased  in  size.  The  ducts  either  open  separately  or  several 
together. 

From  the  middle  of  the  larger  curvature  the  pepsine  cells  are  replaced 
again  by  columnar  epithelium,  in  the  same  manner  as  in  man. 

The  thickness  of  the  mucous  membrane  also  increases  towards  the  pylorus 
in  the  dog  as  in  man.     On  the  inner  surface  of  the  longitudinal  fasciculi  of 

♦  Gillenskoeld,  Ueber  die  FibrcB  OlUqum  im  Magen,  '*  On  the  Oblique  Fibres  of  the 
Stomach ;  "  Arc^iivfur  AnaUmie  und  PhysMogie^  1862,  Heft  2. 
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smooth  muscular  fibres  proceeding  from  the  oesophagus,  and  on  the  outer 
surface  of  the  muscularis  mucosas  at  the  cardia,  where  the  tubular  glands 
begin  to  be  lined  with  pepsine  cells,  a  layer  of  circular  muscular  fibres  Ls 
superadded,  at  first  feebly  developed,  but  soon  becoming  thicker.  The 
thickness  of  the  muscularis  mucosss  varies ;  in  the  fundus  it  amounts  to 
0*1 — 0*25  of  a  millimetre,  and  is  here  distinctly  separated  into  an  internal 
circular  and  an  external  longitudinal  layer.  In  respect  to  their  course  and 
decussation,  its  fasciculi  exhibit  the  same  relations  as  in  man. 

The  quantity  of  muscular  fibres  penetrating  into  the  mucous  layer  between 
the  glands  is  larger  in  the  dog  than  in  man. 

The  mucous  membrane  of  the  stomach  of  the  Kabbit  diminishes  in  thick- 
ness from  the  cardia  towards  the  fundus,  and  from  this  point  increases  again 
towards  the  pylorus.  The  gland  tubes  it  contains  are  similar  in  form  to 
those  in  the  stomach  of  the  dog.  In  the  fundus  the  individual  tubes  are  a 
little  wider  than  in  the  dog,  and  open  by  twos  or  threes  into  cylindrical 
fossse,  lined  with  columnar  epithelium,  which  reach  to  one-fourth  part  of 
the  thickness  of  the  mucous  membrane.  The  nearer  the  pylorus,  the  farther 
does  the  columnar  epithelium  extend  down  the  tubes ;  moreover,  this,  both 
on  the  surface  and  in  the  tubes  themselves,  in  preparations  hardened  in 
chromic  acid,  is  almost  entirely  composed  of  cup  cells. 

The  muscularis  mucossB  in  the  cardiac  portion  consists  for  the  most  part 
of  longitudinal  fasciculi,  becoming  somewhat  stronger  towards  and  in  the 
fundus,  and  exliibiting  here  at  most  points  a  circular  and  longitudinal  layer 
of  equal  thickness.  In  the  pyloric  portion  of  the  stomach  the  feisciculi  of 
both  layers  completely  decussate  with  one  another,  and  it  is  only  at  certain 
points  that  a  distinct  circular  and  longitudinal  layer  can  be  distinguished. 
Numerous  fasciculi  here  branch  off  into  the  mucosa. 

At  the  pylorus  itself  the  muscularis  mucosas,  and  especially  its  longitudi- 
nal layer,  increases  five-fold  in  thickness.  The  submucous  tissue,  which  is 
here,  aA  usual,  continuous  with  the  septa  of  the  external  and  internal  mus- 
cular coat  that  dip  into  the  mucosa  in  company  with  numerous  vessels,  is 
thinner  in  the  pyloric  region  than  at  the  fundus,  and  contains  in  its  small 
meshes  numerous  spheroidal  cells  with  a  relatively  large  nucleus. 

The  external  musculature  consists  exclusively,  as  in  man,  of  smooth  mus- 
cular fibres,  and  exhibits  the  following  arrangement :  The  circular  layer  is 
particularly  strongly  developed  at  the  cardia,  but  gradually  diminishes 
towards  the  fundus.  The  most  external  fasciculi  of  the  longitudinal  mus- 
cular layer  of  the  cardia  are  intimately  connected  with  the  fibres  of  the 
investing  membrane,  pursue  an  oblique  direction,  and  farther  down  enter 
the  circular  muscular  layer. 

In  the  pyloric  region  the  relations  are  altered,  and  the  several  layers 
have  not  only  increased  in  thickness,  but  the  innermost  fasciculi  of  the  cir- 
cular layer  become  for  a  short  distance  oblique  or  longitudinal. 

At  the  pylorus  itself  the  muscularis  externa  presents  the  same  arrange- 
ment as  in  the  stomach  of  the  dog. 

The  nerves  and  ganglia  lying  between  the  two  layers  of  the  muscularis 
externa  form  in  parts  a  continuous  layer,  and  in  parts  are  sparingly 
distributed.  GangUa  are  not  very  frequently  met  ¥dth  in  the  submucous 
tissue. 

The  stomach  of  the  Rat  presents  remarkable  i)eculiarities  of  structure. 
Its  left  half  may  be  regarded  as  a  continuation  of  the  oesophagus,  whilst  the 
right  half  forms  the  stomach  in  the  proper  sense  of  the  word.  The  mucous 
membrane  lining  the  latter  portion  is  of  a  reddish-brown  color  on  the  sur- 
face, like  that  of  the  fimdus  of  the  above-described  animals.     The  two 
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halves  are  divided  by  a  fold  which  commences  at  the  right  extremity  of  the 
oesophagus  that  here  enters  the  middle  of  the  small  curvature,  and  is  so 
arranged  as  to  open  only  into  the  left  half;  the  communication  of  its  orifice 
with  the  right  half  of  the  stomach  being  capable  of  entire  occlusion  by  this 
arcuate  fold. 

The  wall  of  the  stomach  is  considerably  thinner  in  the  left  half  than  in 
the  right,  at  the  cost  both  of  the  mucosa  and  of  the  muscularis  externa.  It 
is  thinnest  in  the  csecal  dilatation  directed  upwards,  which  the  left  half  of 
the  stomach  forms  at  the  junction  of  the  large  and  small  curvature.  The 
left  half  of  the  stomach  may  also,  from  its  structural  characters,  be  regarded 
as  a  continuation  of  the  oesophagus. 

The  laminated  pavement  epithelium  increases  in  thickness  from  left  to 
right  to  the  summit  of  the  fold,  the  height  of  which  is  about  1"5  millimeter, 
but  again  decreases  on  the  right  side,  the  uppermost  colls  first  disappearing 
by  becoming  fiised  into  a  homogeneous  layer ;  then  the  middle  polyhedric 
cells  vanish,  whilst  the  deepest  cells,  which  are  arranged  on  the  fold  in  the 
foi*m  of  palisades  and  are  cylindrical,  increase  in  height,  and  commencing 
from  the  middle  of  the  right  side  of  the  fold,  cover  the  mucous  membrane 
as  a  simple  columnar  epithelium. 

The  mucosa,  which  becomes  stronger  in  passing  towards  the  fold  from 
the  right,  soon  begins  to  form  conical  veu^cular  papillsB,  which  are  at  first 
small,  but  with  the  increasing  thickness  of  the  pavement  epithelium  to> 
wards  the  summit  of  the  fold  increase  in  height. 

The  muscularis  mucosae  exhibits  the  most  important  modifications.  It  is 
to  it  that  the  existence  of  the  fold  is  essentially  due.  The  nearer  the  fold 
is  approximated,  the  more  distinctly  does  it  become  differentiated  into  inter* 
nal  circular  and  the  external  longitudinal  layei-s. 

The  former,  rapidly  increasing  in  thickness,  ceases  after  attaining  its 
greatest  thickness  at  the  summit  of  the  fold,  only  the  uppermost  fasciculi 
remaining,  which  are  now  continued  into  the  circular  layer  of  the  muscularis 
mucosas  of  the  right  half  of  the  stomach.  The  external  fasciculi  of  the 
longitudinal  layer  extend  directly  as  such  into  the  right  half  of  the  stomach ; 
the  internal  fasciculi,  however,  decussate  with  the  corresponding  ones  of  the 
right  half,  and  partly  penetrate  between  the  fasciculi  of  the  circular  layer. 

The  muscularis  externa  also  increases  considerably  in  thickness  towards 
the  fold,  attaining  its  maximum  at  its  base,  and  then  gradually  diminishing. 

The  tubular  glands  of  the  right  half  of  the  stomach  are  here  also  at  first 
short,  and  lined  by  columnar  epithelium,  which,  however,  is  soon  replaced 
by  rounded  strongly  granular  pepsine  cells,  so  that  the  columnar  epithelium 
of  the  surface  only  penetrates  as  far  as  the  upper  fourth  of  the  tubes. 

The  muscularis  mucosae  of  the  right  half  of  the  stomach  is  thinner  than 
that  of  the  left,  the  fasciculi  decussate  to  a  considerable  extent,  but  are  here 
and  there  divisible  into  an  internal  circular  and  an  external  longitudinal 
layer. 

The  proportion  of  smooth  muscular  fibres  which  are  given  off  into  the 
mucous  layer  is  here  also  considerable. 

Numerous  ganglia  are  situated  on  the  nerves  lying  between  the  circular 
and  longitudinal  layers  of  the  external  muscular  tissue. 

In  Birds  the  laminated  pavement  epithelium  of  the  oesophagus  ceases  at 
the  commencement  of  the  glandular  stomach  with  a  dentated  border,  and  is 
replaced  by  a  simple  layer  of  cylindrical  cells. 

The  fiask-shaped  and,  at  their  extremities,  slightly  lobulated  glands  of 
the  mucous  layer  of  the  oesophagus,  which  have  gradually  augmented  in 
number  from  above  downwards,  cease  at  the  line  where  the  columnar  epithe- 
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lium  commences ;  and  the  muscularis  mucosaB  lying  external  to  the  mucosa, 
which  diminishes  in  thickness  where  the  cesophagus  is  continuous  with  the 
glandular  stomach,  becomes,  in  consequence  of  the  disappearance  of  the  loose 
submucous  tissue,  applied  as  a  longitudinal  muscular  layer  to  the  muscularis 
externa,  so  that  it  appears  to  form  a  single  layer  with  this.  In  the  lower- 
most portion  of  the  cesophagus  more  or  less  sharply  defined  lymph  follicles 
£4)pear,  which  are  either  situated  on  the  outer  side  of  the  glands,  or  exter- 
nally between  these  nearly  to  the  epithelium. 

The  surface  of  the  mucous  membrane  exhibits  a  large  number  of  capitate 
elevations,  at  the  rounded  apices  of  which  the  orifices  of  the  gland  sacs  are 
perceptible.  It  further  presents,  in  passing  from  above  downwards,  a  con- 
tinually increasing  number  of  microscopic  villi,  minute  folds  or  processes, 
which  nevertheless  are  only  the  optical  expression  of  the  free  teiininations 
of  the  septa  between  two  adjoining  inflections  of  the  mucous  membrane,  or 
rather  of  two  adjoining  short  tubes,  opening  in  immediate  proximity  with 
one  another. 

Bergmann  ♦  has  described  three  types  of  glands  :  a.  The  well-known  sac- 
cular glands,  presenting  a  large  central  cavity,  lined  with  cylindrical  epi- 
thelium, which  receives  the  orifices  of  all  the  smaller  tubes  lined  with  gland 
cells ;  6.  A  second  type,  found  in  the  starling,  sparrow,  yellow-hammer,  and 
crow,  in  strix  flammea  and  colymbus,  in  which  the  several  tubes  open,  by 
means  of  secondary  ducts,  into  the  principal  excretory  duct,  which  last  may 
consequently  be  very  short ;  lastly,  c.  He  constructs  a  third  type  of  those 
in  which  all  the  several  tubes  do  not  open  by  a  common  canal  into  the 
gastric  cavity,  but  where  a  number  of  excretory  ducts  open  in  close  prox- 
imity with  one  another,  and  the  secretion  of  which  is  thus  discharged  into 
that  cavity.     (Cypselus  apus.) 

Between  the  extremities  of  the  gland-sacs  and  the  muscular  layer  a  spar- 
ing quantity  of  loose  submucous  tissue  intervenes,  which,  on  the  one  hand, 
is  continuous  externally  with  the  septa  of  the  muscular  fasciculi,  and  on  the 
other  supports  the  vessels,  accompanied  by  which  its  cords  penetrate  be- 
tween the  several  groups  of  glands,  partly  separating  their  walls,  and  partly 
extending  into  the  mucosa.  Amongst  these  fasciculi  of  connective  tissue 
run,  not  only  vessels  which  coil  around  and  penetrate  between  the  individ- 
ual tubes,  but  also  smooth  muscular  fibres. 

In  the  inferior  half  of  the  glandular  stomach  the  simple  tubular  glands 
increase  in  number  and  size  towards  the  intermediate  portion  lying  between 
this  and  the  gizzard,  in  proportion  as  the  gland-sacs  diminish  in  size.  The 
muscularis  externa  consists  of  three  layers,  because  at  the  entrance  of  the 
oesophagus  into  the  digestive  stomach,  the  submucous  tissue  disappears. 
These  are  thicker  at  the  point,  corresponding  to  the  space  between  the 
extremities  of  two  adjoining  saccular  glands,  than  in  those  places  where 
they  are  directly  attached  to  their  convex  external  portion.  At  the  point 
of  transition  of  the  glandular  stomach  into  the  intermediate  segment  the 
fasciculi  of  the  outer  layers  decrease  in  number  and  size,  but  those  of  the 
middle  and  internal  layers  augment,  so  that  in  the  intermediate  segment  the 
external  muscular  tunic  consists  only  of  an  external  circular  and  an  internal 
longitudinal  layer. 

d  the  mucous  membrane  of  the  intermediate  portion  of  the  fowl,  stndght, 
closely  arranged  tubular  glands  are  met  with,  the  extremities  of  which  are 

♦  C.  Bergmann,  Einiges  uber  den  Druaenmagen  der  Vogd^  **A  few  Bemarks  on 
the  Glandular  Stomach  of  the  Bird  ; "  Beichert  and  Du  Bois  Beymond^s  Arcfdt^  1862, 
p.  581,  fig.  c. 
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Bomewhat  naiTower  than  their  orifices,  and  are  lined  with  spheroidal  cells 
which  gradually  change  as  they  pass  iipwai-ds  into  the  columnar  epithelium 
of  the  surface.  The  tissue  of  the  mucous  memhrane  forms  externally  to  the 
extremity  of  the  tubes  a  thin,  moderately  dense  layer,  containing  a  variable 
quantity  of  lymph  corpuscles,  vessels,  and  nerves. 

The  muscular  tunic  consists  of  an  internal  longitudinal  and  an  exter- 
nal circular  layer ;  amongst  the  fasciculi  of  the  latter  are  a  few  groups  of 
fat  cells. 

In  the  intermediate  portion  the  secretion  of  the  glands  becomes  hardened 
into  the  form  of  a  homogeneous  thin  layer  covering  the  surface  of  the  epi- 
thelium, through  which  homogeneous  bands  are  prolonged  in  a  vertical 
direction  from  the  interior  of  the  tubes.  This  layer  investing  the  surface 
acquires  a  peculiar  significance  in  the  true  muscular  stomach  or  gizzard, 
where  it  forms  a  peculiar  horny  layer,  at  first  thin,  but  gradually  increasing 
in  thickness  as  it  descends,  and  when  examined  in  thin  sections  with  trans- 
mitted light,  presents  a  deep  yellow  color.  The  surface  of  the  mucous 
membrane  invested  with  this  homy  and,  by  inflected  light,  dark  brown 
layer,  forms  at  the  commencement  of  the  gizzard  numerous  tolerably  regu- 
larly arranged  corrugations,  which  however  diminish  in  number  and  height, 
but  increase  in  breadth  downwards.  The  homy  layer  everywhere  follows 
these  elevations ;  with  the  increase  of  the  muscular  layer,  the  homy  layer 
also  augments  in  thickness. 

Leydig  *  originally  stated  that  this  layer  is  secreted  by  the  gastric  glands. 
It  consists,  in  fact,  of  laminss  superimposed  upon  one  another  (consecutively 
hardened)  which  are  interrupted  at  the  points  corresponding  to  the  orifices 
of  the  gland  tubes,  so  that  these  are  continued  through  the  horny  layer  in 
the  form  of  a  canal  destitute  of  walls.  It  may  be  distinctly  perceived  in 
hardened  preparations  colored  with  carmine  that  a  homogeoeous  band  pro- 
ceeds as  a  direct  continuation  of  the  contents  of  the  tube  through  the  homy 
layer  to  the  free  surface.  The  columnar  epithelium  of  the  mucous  mem- 
brane immediately  subjacent  to  this  layer  is  continued  without  interruption 
into  the  tubular  glands.  The  several  glands  exhibit  exactly  the  same  struc- 
ture as  those  of  the  intermediate  portion. 

I  am  unable,  at  least  in  the  case  of  the  yellow-hammer  and  fowl,  to  agree 
with  the  statements  of  Hasse,f  according  to  whom  two  kinds  of  glands  are 
present  in  the  true  stomach, — the  simple  and  the  compound  tubular.  The 
former,  like  the  individual  tubes  proceeding  from  the  gland-sacs  of  the  crop, 
are  partly  lined  with  tessellated  strongly  granular  cells,  and  pai-tly  with 
columnar  epithelium. 

As  in  the  intermediate  portion,  there  follows  upon  the  glandular  layer  a 
close  web  of  decussating  fasciculi,  constituting  a  muco-membranous  tissue. 
The  muscular  layer,  which  at  the  commencement  of  this  region  is  still  very 
thin,  becoming  stronger  as  it  descends  by  the  development  of  numerous  fas- 
ciculi, is  also  limited  upon  its  outer  sur&ce,  where  it  is  still  somewhat  thin, 
by  a  homy  layer  in  which  numerous  oblique  striw  are  perceptible  that  are 
continuous  with  the  pointed  muscular  fasciculi  that  here  take  origin.  Still 
more  externally  succeeds  the  investing  membrane  composed  of  oblique  fibres 
which  in  some  places  is  composed  only  of  the  tendinous  expansion  of  the 
muscular  fasciculi. 

Both  of  the  layers  situated  externally  to  the  muscular  layer  diminish  in  pro- 

♦  Leydig,  BisMogi^,  p.  809. 

f  G.  Hasse,  Beit/rdge  zur  JSiatoloaie  des  VogdmageM.  ^^  Essays  on  the  Histology  of 
the  Stomach  of  the  Bird ;  "  Zeitsehrift  fur  rattomUe  Medidn^  Band  xxviii ,  p.  1 ,  ^  «ajf. 
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portion  as  that  increases,  so  that  where  the  muscular  tissue  attains  its  great- 
est thickness  only  a  very  few  small  strisB  of  connective  tissue  Ke  on  its  outer 
surface. 

At  the  commencement  of  this  region,  as  in  the  intermediate  portion,  the 
muscular  tunic  may  be  divided  into  two  layers,  an  internal  longitudinal,  and 
an  external  circular  layer. 

In  their  further  course  the  former,  which  constantly  receives  fresh  acces- 
sions of  oblique  fibi*es  from  the  mucous  membrane,  becomes  first  oblique  and 
then  circular.  The  external  circular  layer  is  likewise  strengthened  by 
numerous  fasciculi,  originally  extending  obliquely  from  without  inwards,  and 
arising  from  the  homy  layer  limiting  the  muscular  tunic  externally.  A  con- 
siderable number  of  vessels  and  nerves  run  in  the  investing  sheath  of  con- 
nective tissue. 

After  the  remarks  that  have  been  already  made  respecting  the  passage  of 
the  oesophagus  into  the  stomach  of  the  Frog,  little  remains  to  be  said  in 
regard  to  the  latter.  The  colunmar  epithelium  of  the  surface,  which,  after 
treatment  with  chromic  acid,  is  here  likewise  almost  exclusively  composed 
of  well-defined  cup  cells,  the  individual  cells  of  which  exhibit  at  their  at- 
tached extremity  a  longer  or  shorter  cell  process,  continues  without  inter- 
ruption into  the  closely  approximated  tub^  of  the  mucosa.  The  cells  lining 
the  bottom  of  the  tubes  are  spheroidal  and  finely  granular. 

The  ciliated  epithelium  of  the  OBSophagus  does  not  entirely  cease  at  the 
cardia,  but  is  here  and  there  prolonged  for  some  distance ;  and  even  at  a 
much  lower  level  individual  ciliated  cells  may  occasionally  be  met  with 
amongst  the  non-ciliated.  The  tubes,  which  are  coiled  or  lobulated  at  their 
extremities,  partly  open  by  separate  orifices,  partly  unite  by  twos  in  cylin- 
drical pits  which,  as  above  mentioned,  are  lined  by  cylinder  epithelium. 

The  muscularis  mucosse  consists  of  an  internal  thinner  circular  and  an  ex- 
ternal thicker  longitudinal  layer,  the  distinction  between  which  is  only  clearly 
marked  in  the  lower  half  of  the  stomach,  whilst  in  the  upper  portion  the 
fasciculi  of  the  muscularis  mucosce  are  almost  entirely  longitudinal,  or  decus- 
sate to  some  extent  with  one  another.  Everywhere  small  feisciculi  are  given 
off,  which  penetrate  between  the  tubes  into  the  mucosa. 
,  In  the  lower  portions  of  the  submucous  tissue  I  find  isolated,  distinctly 
defined,  usually  oval  lymph  follicles,  flattened  from  within  outwards,  in  the 
capsule  of  which  are  contained  numerous  fusiform  ceUs,  with  oblong  flat- 
tened nucIeL  Some  of  the  follicles  are  bounded  by  the  muscularis  mucosas 
internally,  and  muscularis  externa  on  their  outer  side,  whilst  others,  as  may 
occasionally  be  observed  in  the  intestines  of  Mammals,  penetrate  the  mus- 
cularis muoossB,  and  extend  to  the  cylindrical  epithelium  of  the  surface. 

The  submucous  tissue  itself,  like  that  of  the  oesophagus,  is  moderately 
compact,  and  about  0*2  of  a  miUimeter  thick.  The  external  muscular  layer 
presents,  though  not  uniformly,  an  internal  circular,  and  an  external,  much 
thinner,  longitudinal  layer. 

In  some  places,  instead  of  the  latter,  a  few  oblique  fasciculi  are  found 
which  lower  down  enter  the  circular  layer.  Towards  the  pylorus  both  the 
circular  as  well  as  the  longitudinal  layers  which  have  here  become  inde- 
pendent, increase  in  thickness.  The  nerves  and  ganglia  present  the  same 
relations  as  in  the  intestinal  canal  of  the  Yertebrata.] 
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E.  SMALL  INTESTINE. 

By  E.  VERSON. 

The  small  intestine  is  a  direct  continuation  of  the  stomach,  and,  like  this, 
consists  of  an  external  peritoneal  investment  within  which  are  two  concen- 
tric tubes  attached  to  one  another  by  more  or  less  dense  connective  tissue. 
The  outer  of  these  two  is  the  muscular  coat,  the  inner  is  the  mucous  mem- 
bi*ane.  The  connective  tissue  forming  the  bond  between  them  presents  vari- 
ous degrees  of  thickness,  but  no  peculiarities  of  structure  ;  it  contains  a  few 
elastic  fibres  and  numerous  connective  tissue  corpuscles. 

The  relative  thickness  of  the  two  tubes  to  one  another  is  too  variable  to 
admit  of  any  precise  statement  being  given ;  but  in  a  general  way  it  may 
be  said  that  the  muscular  tunic  is  about  three  times  as  thick  as  the  mucous, 
and  that  in  Man  the  thickness  of  the  entire  intestinal  wall,  including 
the  peritoneum,  can  scarcely  be  estimated  at  more  than  one  millimetre. 
Measurements,  however,  taken  at  various  parts,  will  naturally  exhibit  con- 
siderable variations  according  to  the  conditions  of  contraction  or  relaxation 
present  in  the  muscular  fibres. 

The  investing  peritoneal  coat  is  composed  of  ordinary  connective  tissue 
with  elastic  fibres,  and  is  either  directly  applied  to  the  muscular  tunic,  or 
is  attached  to  it  by  means  of  a  small  quantity  of  loose  connective  tissue. 
Its  free  surface  is  covered  by  a  single  layer  of  pavement  epithelium,  the 
cells  of  which  seen  in  profile  appear  as  thin  scales  with  projecting  nuclei. 

a.  Muscular  Coat. 

The  muscular  tunic  of  the  small  intestine  is  differentiated  into  two  suj^er- 
imposed  layers,  which  are  distinguished  in  accordance  with  the  direction 
of  the  fibres  composing  each,  into  an  external  longitudinal,  and  an  internal 
circular.  The  former  pursues  the  same  direction  as  the  intestine  itself,  the 
latter  runs  more  or  less  at  right  angles  to  it,  and  embraces  it  with  circular 
or  spiral  coils.  A  few  fibres  deviate  from  these  two  main  directions,  cours- 
ing round  the  muscular  tube  in  a  radial  or  oblique  direction.^  Such  fibres 
are  occasionally  found  united  into  thick  fasciculi  in  the  upper  portion  of 
the  duodenum,  close  to  the  pylorus,  and  they  may  be  followed  from 
thence,  forming  compressed  spirals,  into  the  longitudinal  layer  of  the  duo- 
denum. 

The  muscular  tube  of  the  small  intestine  progressively  diminishes  in 
thickness  towards  the  iliocsscal  valve,  the  attenuation  being  particularly 
observable  in  the  longitudinal  layer,  which  in  some  of  the  lowermost  parts 
may  even  be  altogether  deficient.  The  circular  is  generally  thicker  than  the 
longitudinal  layer,  amounting  in  the  adult  to  about  0*2  to  0*3  of  a  millime- 
tre, whilst  the  longitudinal  layer  scarcely  exceeds  0*1  of  a  millimetre  in 
thickness.  This  proportion  may,  however,  be  reversed,  strata  of  the  longi- 
tudinal fibres  being  here  and  there  found  with  corresponding  diminution  of 
the  circular  fibres. 

The  anterior  surface  of  the  duodenum  is  covered,  as  is  well  known,  by  a 
single  layer  of  peritoneum,  whilst  the  posterior  surface  is  uncovered.     At 
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the  lower  curvatare  it  is  attached  to  the  abdominal  wall  by  an  organic  mus- 
cle, to  which  Treitz  *  has  applied  the  name  of  Suspensorius  duodeni.  This 
consists  of  a  few  fasciculi  of  the  longitudinal  layer,  terminating  in  tendinous 
fibres,  that  accompany  the  dense  connective  tissue  surrounding  the  celiac 
and  mesenteric  arteries,  and  are  then  lost.  The  fasciculi  increase  remarkably 
in  breadth,  and  whilst  they  do  not  exceed  two  to  three  millimetres  in  thick- 
ness, are  almost  ten  times  that  breadth.  Additional  fasciculi  not  unfre- 
quently  join  them,  derived  from  the  diaphragm  (right  border  of  the 
foramen  oesophageum  and  internal  crua). 

The  duodenum  has  yet  another  muscular  attachment  at  the  head  of  the 
pancreas.  In  the  duodenum  of  the  child  I  find  the  pancreas  not  in  all  in- 
stances sharply  defined  towards  the  longitudinal  layer  of  muscles.  This  last 
frequently  presents  areas  where  acinous  groups  of  the  pancreatic  follicles 
penetrate  through  foramina  in  it  as  far  as  the  circular  muscular  layer,  whilst 
at  other  points  a  few  muscular  fibres  are  given  off  from  the  longitudinal 
muscular  tunic,  which  penetrate  between  the  acini  into  the  substance  of  the 
head  of  the  pancreas.  Even  the  circular  layer  may  thus  extend  beyond  its 
ordinary  limits,  and  in  longitudinal  sections  made  close  to  the  pylorus  in  the 
rat  I  have  found  a  considerable  fasciculus  of  smooth  muscular  fibres  given 
off  from  it,  which,  like  the  fa.sciculi  already  described  as  entering  the  head 
of  the  pancreas,  enter  a  group  of  Brunner's  glands,  and  here  similarly  sub- 
divide amongst  the  acini. 

In  its  further  course  the  muscular  tube  presents  nothing  remarkable, 
apart  from  its  gradual  attenuation,  until  it  reaches  the  valvula  coli.  Through- 
out this,  as  is  particularly  observable  in  the  new-bom  child,  only  the  circular 
layer  passes,  whilst  the  longitudinal  layer  is  interrupted  ;  and  indeed  the 
bands  of  the  latter,  proceeding  on  the  one  hand  from  the  ileum,  and  on  the 
other  from  the  colon,  become  considerably  attenuated  towards  the  free  bor- 
der of  the  valve,  whilst  many  muscular  fasciculi  interlace  with  each  other, 
and,  finally,  as  my  preparations  show,  arch  towards  the  adjoining  circular 
fibrous  layer. 

More  or  less  considerable  deviations  from  these  arrangements  occur  in 
different  animals.  Thus  I  may  mention,  that  in  the  cat  the  longitudinal 
fibrous  layer  does  not  enter  into  the  formation  of  the  valve,  but  usually,  like 
the  peritoneum,  extends  uninterruptedly  over  it.  On  the  ^other  hand,  tlie 
circular  fibrous  layer  of  the  small  intestine  bears  the  relation  to  that  of  the 
large  intestine,  of  a  thinner  tube  (ileum),  which  is  so  introduced  through  a 
lateral  aperture  in  the  wall  of  a  thicker  tube  (colon),  that  it  projects  with  a 
free  border  into  the  lumen  of  the  latter.  In  the  dog,  the  circular  fibrous 
layer  of  the  small  intestine,  projects  in  this  manner  with  its  free  border,  but 
tlus  difference  is  observable,  that  the  longitudinal  fibres  appear  to  be  inter- 
rupted at  the  valve. 

If  a  portion  of  the  muscular  tube,  which  can  easily  be  detached  with  the 
forceps,  be  placed  in  a  mixture  of  one  part  of  acetic  acid  and  ninety  nine  of 
distilled  water,  or  in  a  solution  containing  32*5  per  cent,  of  liquor  potassse 
(Moleschott),  it  may  easily,  after  the  lapse  of  a  few  minutes,  be  broken  up 
into  fibre  cells,  which,  especially  after  the  action  of  the  acetic  acid,  exhibit  a 
distinct  nucleus,  with  one  or  two  nucleoli  The  muscle  cells  appear  smooth, 
or  sometimes  angularly  folded,  and  are  seldom  longer  than  0*225  of  a  milli- 
metre, and  broader  than  0*005  of  a  millimetre.  No  differences  can  be 
discerned  in  the  size  of  the  elements  forming  the  longitudinal  and  circular 
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fibrous  layers  respectively.  In  other  Mammals,  however,  they  may  be  both 
longer  and  broader,  as  is  remarkably  the  case  also  in  the  Amphibia ;  those 
of  the  Proteus  and  Salamander  being  surpassingly  large. 

The  several  muscular  fibres  constituting  the  muscular  tunic  of  the  intes- 
tine are  held  together  by  a  kind  of  cement.  Their  larger  fasciculi  are  en- 
closed by  bands  of  connective  tissue,  which  divide  the  muscular  substance 
when  seen  in  cross  section  partly  into  numerous  areas  of  equal  size,  and 
partly  into  larger  segments,  which  embrace  the  whole  thickness  of  the  muscu- 
lar tunic. 

6.  Mucous  Membrane. 

The  mucous  membrane  constitutes  the  innermost  tube,  and  exhibits  pecu- 
liar elevations  which  project  in  the  form  of  folds  and  villous  processes  into 
the  lumen  of  the  intestine. 

Pig.  128. 


Fig.  128.     Section  of  a  villus.     From  the  intestine  of  a  Rabbit,     a,  epithelium ; 
6,  stroma ;  c,  central  caTlty. 

The  folds — ^termed  also  the  valvules  conniventes  of  Kerkringius — ^run  more 
or  less  at  right  angles  to  the  long  axis  of  the  intestine,  and  are  either  paral- 
lel to  each  other,  or  unite  at  acute  angles,  and  always  become  separated  by 
wider  intervals  towards  the  lower  part  of  the  small  intestine. 

The  folds  of  Kerkringius  are  commonly  ragarded  as  persistent  formations, 
because  the  muscular  tunic  does  not  enter  into  their  interior.  Nevertheless 
certain  parts  of  the  small  intestine  occur  in  children,  where  the  muscular 
coat  presents  alternate  contractions  and  relaxations.  In  the  former  these 
folds  of  the  mucous  membrane  are  sharply  defined  and  prominent ;  whilst 
opposite  the  latter  the  membrane  is  perfectly  smooth,  thus  affording  strong 
evidence  that  the  folds  in  question  are  in  some  measure  dependent  upon  the 
contraction  of  the  muscular  coat. 

The  villi  of  the  small  intestine,  on  the  other  hand,  are  elevations  of  the 
mucous  membrane  of  more  limited  extent,  which  make  their  first  appearance 
in  the  descending  portion  of  the  duodenum,  where  they  are  most  closely 
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arranged,  and,  becoming  more  and  more  widely  separated  from  one  another, 
extend  to  the  free  border  of  the  iliocsscal  valve.  They  vary  considerably  in 
form.  Sometimes  they  are  cylindrical ;  at  others  conical  or  clavate,  or  flat? 
tened  and  expanded  like  a  leaf — variations  that  in  part,  at  least,  are  occa- 
sioned by  the  degree  of  contraction  of  the  general  muscular  tunic  and  of  their 
own  muscular  fibres,  to  which  cause  also  their  variation  in  length  is  attrib- 
utable. In  man  the  length  of  the  villi  is  from  0*4  to  0*6  of  a  millimetre, 
and  the  breadth  from  0*06  to  0*12  of  a  millimetre. 

In  every  villus  one  or  two,  or  more  rarely  three,  central  spaces  are  found, 
constituting  the  origin  of  the  lacteals.  (See  Chapter  IX.  on  the  Lympha- 
tics.) 

The  finer  structure  of  the  i>arenchyma  of  the  villi  is  precisely  similar  to 
that  of  the  rest  of  the  mucous  membrane,  being  composed  of  the  tissue 
termed  adenoid  tissue  by  His ;  that  is,  of  a  plexus  of  anastomosing  cor- 
puscles, in  the  meshes  of  which  cells  are  contained.  These  characters  are 
not,  however,  equally  well  marked  in  all  classes  of  animals,  and  variations 
may  even  be  observed  to  occur  in  one  and  the  same  species,  in  accordance 
with  age,  the  retiform  tissue  presenting  a  more  uniform  trabecular  struc- 
ture, or  forming  a  delicate  plexus  of  fibres,  at  the  points  of  decussation  of 
which  a  nucleus  or  two  only  may  be  discovered,  the  number  of  cells  con- 
tained in  the  meshes  having  coincidently  undergone  considerable  diminution. 
A  similar  transformation  of  the  adenoid  tissue  of  the  mucous  membrane  may 
also  be  observed  at  certain  points  immediately  beneath  the  epithelium — a 
circumstance  which  has  led  to  the  admission  of  a  separate  basement  mem- 
brane, situated  between  the  epithelium  and  the  mucous  membrane.  No 
such  membrane,  however,  can  either  be  isolated  or  shown  to  form  a  con- 
tinuous layer. 

Lymph  Follicles. — At  the  free  border  of  the  jejunum  and  ileum  round- 
ish or  ellipical  areas  occur,  with,  in  the  latter  case,  their  long  axes  corre- 
sponding to  that  of  the  intestine,  and  having  a  length  of  1*5  centimetres,  and 
a  breadth  of  7*20  millimetres.  Their  surface  is  convex,  projecting  into  the 
lumen  of  the  tube,  and  has  either  a  few  villi  scattered  over  it,  or  is  alto- 
gether destitute  of  them.  These  are  the  Peyer's  patches,  which,  when  ex- 
amined with  low  powers,  or  sometimes  even  with  the  naked  eye,  appear  as 
a  gi*oup  of  roundish,  pyriform,  or  more  flask-shaped  corpuscles,  the  so-called 
follicles.  These  dip  into  the  submucous  tissue  with  their  rounded  exti-emi- 
ties,  whilst  their  thinner  ends  form  projections  on  the  free  surface  of  the  in- 
testinal mucous  membrane,  and  must  consequently  pierce  the  muscularis 
mucossB,  the  fasciculi  of  which,  in  point  of  fia.ct,  separate  to  permit  the  pas- 
sage of  the  follicles. 

A  single  Peyer's  patch  may  include  twenty  or  more  such  follicles  lying 
in  close  contiguity,  and  only  separated  from  another  by  thin  prolongations  of 
the  submucous  tissue.  The  inferior  or  deep  surfaces  of  the  follicles  are 
somewhat  flattened,  whilst  towards  their  upper  part,  especially  above  the 
muscularis  mucosa,  the  lateral  boundaries  disappear. 

When  examined  with  the  microscope,  these  bodies  present  a  remarkable 
similarity  in  structure  to  the  so-called  medullary  cords  of  the  lymphatic 
glands,  and  have  recently  even  been  regarded,  in  accordance  with  the  views 
of  Ziegler  and  Briicke,  as  really  belonging  to  the  system  of  lymphatic  glands. 
However  delicate  a  section  may  be  that  is  made  through  a  follicle,  only  an 
irregular  accumulation  of  cells  can  be  recognized ;  but  if  these  be  removed 
by  pencilling  with  a  camel-hair  brush,  or,  still  better,  by  agiiation  of  the 
preparation  in  a  test-tube  half  filled  with  water,  a  network  or  plexus  of 
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fibres  comes  into  view,  similar  to,  though  somewhat  closer  than  that  pre- 
sented generally  by  the  mucous  membrane  of  the  small  intestine.  The  fol- 
licles consequently  are  composed  of  a  plexus  of  fibres  and  of  cells  (lymph 
corpuscles)  which  fill  the  interspaces  between  them.  But,  just  as  the  plexus 
of  the  mucous  membrane  presents  histological  differences  under  various  cir- 
cumstances, so  may  the  framework  of  intestinal  follicles  differ,  sometimes 
appearing  as  a  tissue  of  anastomosing  cells,  the  nuclei  of  which  coincide  with 
the  thickened  nodal  points  (child,  rabbit),  sometimes  as  a  plexus  of  rigid 
hyaline  trabeculse  (adult  man,  cat),  and  sometimes  as  a  fibrous  network 
(young  dog). 

Fig.  129. 


Fig.  129.  Longitudinal  section  of  the  small  intestine  of  a  Rabbit,  z  z,  villi  ;  j, 
ciyps  ;  P,  a  Peyer's  patch  ;  K,  cap  of  a  follicle  ;  s,  submucoBa;  m  w,  muscularis  mu- 
C0689 ;  R,  circular  mnscular  layer ;  L,  longitudinal  muscular  layer ;  P,  peritoneum. 

The  framework,  whatever  may  be  its  form,  is  dii*ectly  continuous  laterally 
and  above  the  muscularis  mucosas  with  the  reticular  tissue  of  the  mucous 
membrane.  In  the  deeper  parts,  on  the  other  hand,  the  meshes  gradually 
become  more  compact,  and  either,  covered  with  epithelium,  form  the  bound- 
ary of  the  so-called  lymph  sinuses,  or,  where  these  are  deficient,  are  applied 
to  the  dense  submucous  tissue  which  constitutes  the  cord-like  septa  between 
the  follicles,  and  extend  to  near  the  muscularis  mucosae.  But  in  the  event 
of  the  septa  not  reaching  so  high,  the  follicles  just  below  the  muscularis 
mucosa  may  for  a  short  distance  be  continuous  with  each  other. 
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Begarded  from  another  point  of  view,  however,  the  framework  is  in  direct 
connection  with  the  vessels  of  the  follicle,  and,  indeed,  not  only  with  the 
larger  ones  by  means  of  their  tunica  adventitia,  but  also  with  the  most  deli- 
cate capillaries.  This  is  effected  by  means  of  a  fibrous  network,  and  in 
well-prepared  specimens  the  capillaries  may  be  frequently  observed  to  give 
off  processes  that  suddenly  become  attenuated  into  fibres,  which  coalesce 
with  those  of  the  general  mass. 

As  in  man,  so  in  the  greater  nxunber  of  animalB,  the  follicles  reach  the  surface  of 
the  mnooufl  membrane,  and  elevate  this  in  the  form  of  a  cap  (rabbit,  sheep,  calf,  pig). 
It  occnrs,  occasionally,  however,  that  the  follicles  do  not  reach  the  surface  of  the 
mucous  membrane,  becoming  continuous  at  some  distance  from  it  with  the  ordinary 
adenoid  tissue  of  tiie  membrane  (cat). 

Whilst  the  Peyer's  patches  constantly  occupy  the  border  of  the  intestine 
opposite  the  attachment  of  the  mesentery,  isolated  or  solitary  follicles  are 
distributed  irregularly  over  its  whole  surface.  These,  like  the  Peyer's  patches, 
are  much  more  closely  arranged  in  the  lowest  parts  of  the  ileum.  The 
number  of  Peyer's  patches  in  the  small  intestine  varies  considerably. 
Authors  calculate  twenty  to  be  about  the  average,  though  no  definite  limits 
can  be  given  on  either  side.  Where  they  are'  very  numerous,  they  extend 
into  the  upper  parts  of  the  tube.  Middeldorpf  observed  them  even  in  the 
lower  curvature  of  the  duodenum. 

Glands. — The  secreting  glands  of  the  small  intestine  are  constructed 
upon  two  different  types,  the  acinous  and  the  tubular,  and  are  named  after 
their  discoverers,  the  former  Bruimer's  glands,  the  latter,  the  Lieberklihnian 
follicles. 

jBrunner*9  glands  agree  exactly  in  their  structure  with  that  of  other  aci- 
nous glands  of  mucous  membranes,  and  in  man  form  groups  of  from  five  to 
ten  acini,  which  open  into  a  single  excretory  duct  that  traverses  the  mucous 
membrane,  and  opens  on  the  surface.  The  diameter  of  the  acini  amounts 
to  about  0*07  to  0*14  of  a  millimetre,  and  they  consist  of  a  structureless 
vesicle,  the  interior  of  which  is  lined  with  somewhat  flattened  cylindrical 
ceUs.     The  excretory  duct  is  lined  by  similar  epithelium. 

The  glands  of  Brunner  lie  imbedded  in  the  submucous  connective  tissue, 
and  form  small  masses,  which  may  however  attaii^  sufficient  size  to  cause 
the  whole  tunica  nervea  to  disappear ;  and  are  bounded  on  the  one  side  by 
the  muscular  tunic,  and  on  the  other  by  the  muscularis  mucossB.  The  latter, 
however,  forms  no  absolute  Umit,  some  of  the  acini  being  occasionally  found 
projecting  through  it  against  the  mucous  layer,  whilst,  on  the  other  hand,  a 
few  slender  fasciculi  of  the  muscle  cells  also  accompany  the  connective  tis- 
sue between  the  glandular  vesicles,  and  then  divide. 

The  greater  portion  of  the  glands  of  Brunner  are  found  in  the  vicinity  of 
the  pylorus.  In  man,  however,  a  few  groups  of  these  glands  are  distributed 
lower  down  the  canal,  whilst  in  other  animals  the  whole  series  of  glands 
form  a  single  coherent  mass.  The  latter  arrangement  is  remarkably  well 
seen  in  the  rat,  in  which  animal  the  above-mentioned  distribution  of  the 
muscular  fibres  between  the  gland  vesicles  can  be  easily  demonstrated. 

The  crypts  of  I/ieberkukn  form  tubular  depressions  of  the  mucous  mem- 
brane, the  blind  extremities  of  which  extend  to  the  muscularis  mucoses,  and 
as  they  are  arranged  perpendicularly  to  the  surfieMse,  they  Ornish  a  measure 
of  the  thickness  of  the  mucous  membrane  itself.  Their  length  varies  from 
0*34  to  0*5  of  a  millimetre,  their  diameter  amounts  to  0*06 — ^0*08  of  a  milli- 
metre. The  crypts  are  usually  held  to  consist  of  a  structureless  membrana 
26 
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propria  lined  by  a  layer  of  cylindrical  epithelial  cells.  The  latter  are  iden- 
tical  with  those  forming  the  epithelium  of  the  intestine  generally,  and  the 
remarks  that  have  been  made  respecting  these  apply  to  them  also.  The 
only  slight  difference  that  exist  between  them  is,  that  the  attached  extremi- 
ties of  the  cells  forming  the  epithelium  of  the  crypts  are  for  the  most  part 
broader  than  the  free  extremities,  which  is  intelligible  when  it  is  remember- 
ed that  their  free  surfaces  bound  a  tube  of  narrower  diameter  than  the 
cryptic  membrane  itself. 

Fig.  130. 


Fig.  130.  Crypts  and  interfollicular  connective  tissue.  From  the  intestine  of  the 
Rabbit.  K,  crypt ;  a  a,  epithelium  ;  d,  adenoid  tissue,  from  which  the  cells  have 
been  removed  by  pencilling ;  T,  fibrouB  tissue  on  the  opposite  side. 

In  very  fine  sections  of  the  intestine,  from  which  the  epithelium  has  been 
completely  detached  by  delicate  brushuig,  or  where  the  epithelium  is  acci- 
dentally absent,  it  may  easily  be  demonstrated  that  the  so-ccdled  membrana 
propria  of  the  crypts  is  not  entirely  structureless ;  for  from  the  interfollicu- 
lar trabecular  tissue  a  few  delicate  fibrils  penetrate  into  the  basement 
membrane,  and,  pi-eserving  the  longitudinal  direction  of  the  tube,  run  to- 
wards its  orifice,  near  which  they  become  continuous  with  a  similar  but 
transversely  coursing  fibrous  tissue ;  this  on  the  other  hand,  like  the  branches 
of  a  tree,  is  given  off  at  almost  right  angles  from  the  septal  investing  sheaths 
of  the  follicles.  Such  membranes  moreover  exhibit  a  beautiful  rounded- 
polygonal  pattern,  corresponding  to  the  bases  of  the  detached  epithelial 
cells. 
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-  The  Lieberkiihnian  follicles  occupy  the  whole  free  surface  of  the  intestine, 
with  the  exception  of  the  basis  of  the  vilK  and  the  surface  of  the  solitary 
glands.  But  whilst  their  orifices  must  necessarily  be  separated  by  the  for- 
mer, the  tubes  dilate  beneath  them  in  such  a  manner  as  almost  again  to  come 
into  contact,  leaving  only  small  interspaces  for  the  passage  of  vessels  and 
muscular  fasciculi.  They  are  usually  altogether  absent  over  the  follicles,  that 
is  to  say,  of  course,  where  these  project  into  the  lumen  of  the  intestine,  and 
here  they  are  arranged  like  a  coronet  around  the  elevations,  which  has  led 
to  the  employment  of  the  term  corona  tubulorum  by  Johann  M tiller. 

MuscuLARis  Mucosae. — Lying  between  the  mucous  membrane  and  the 
submucous  tissue,  Middeldorpf  *  and  Brucke  f  discovered  a  layer  of  organic 
muscular  fibres,  which  can  be  traced  from  one  end  of  the  intestinal  canal  to 
the  other,  and  from  which  processes  are  given  off  in  various  directions. 

In  the  muscular  layer  of  the  mncous  membrane  two  laminae  of  nearly 
equal  thickness  may  be  distinguished,  named,  in  accordance  with  the  pre- 
vailing direction  of  their  constituent  fibres,  the  circular  and  the  longitudinal 
fibre  layer,  though  in  some  places  they  run  into  one  another. 

The  muscular  tunic  frequently  appears  interrupted  to  permit  the  passage 
of  the  lymph  follicles,  and  also  to  receive  the  C89cal  extremities  of  the  Lie- 
berkuhnian  follicles ;  or,  lastly,  fb  may  itself  present  a  retiform  arrange- 
ment, and  it  hence  becomes  intelligible  how  sections  of  the  intestine  some- 
times exhibit  continuous  layers  of  circular  and  longitudinal  fibres,  sometimes 
only  one  of  these,  and  sometimes  neither. 

We  find,  also,  that  in  animals  the  prevalent  arrangement  approximates  to 
one  or  other  of  these  types,  and  I  may  mention  that  in  the  child  the  circular 
layer  is  subordinate,  so  that  the  direction  of  the  fibres  is  almost  entirely 
longitudinal,  separating  in  some  places  to  form  beautiful  plexuses,  whilst  in 
the  rabbit  the  difference  in  the  direction  of  the  two  layers  is  extremely  well 
marked,  though  they  are  very  thin.. 

We  have  already  alluded  to  the  processes  given  off  by  the  muscularis 
mucosae  in  speaking  of  the  small  fasciculi  situated  between  the  acini  of 
Brimner^s  glands.  Those,  however,  which  pass  towards  the  mucous  mem- 
brane itself,  and  were  discovered  by  Briioke  J  and  Kolliker,§  are  of  greater 
importance,  and  are  more  constantly  present.  These  form,  on  the  one 
hand,  long  bands,  sometimes  not  exceeding  a  single  fibre  cell  in  thickness, 
which  run  up  between  the  Lieberkiihnian  glands,  and,  especially  near  the 
free  surface  of  the  mucous  membrane,  are  not  unfrequently  connected  by  a 
few  transverse  fibres ;  and,  on  the  other  hand,  strong  fasciculi,  as  many  as 
twelve  fibre  cells  in  thickness,  which  (>enetrate  the  villi,  and  extend  through- 
out their  whole  length.  The  muscular  fasciculi  in  some  instances  enter  the 
villi  in  the  form  of  separate  cords,  but  in  others  (especially  in  the  smaller 
villi)  first  intercommunicate  and  diverge  from  one  another  at  the  bases,  so 
that  a  double  layer  of  muscular  &sciculi  may  almost  always  be  distinguished. 
One,  lying  close  to  the  central  lacteal,  and  helping  with  the  epithelium  to 
form  its  waU,  the  other  running  upwards  in  the  parenchyma  of  the  villi, 

♦  De  OlanduUs  Bnmnerianis,  Diss.  VratiaL,  1846. 

f  Ueber  ein  in  der  DcmiueMeimkafit  aufgefundenes  Mtakdsystffm^  *'*'  On  a  muscu- 
lar system  discovered  in  the  Intestinal  mucous  membrane ; "  Akademie  der  Wmen- 
schaften  in  Wim,  Febroar-Heft,  1851. 

t  Loe,  eit. 

%  UA&r  daa  Vorkammen  von  glatUn  Mmkdfasem  in  ScMeimMuten^^^  On  the  pres- 
ence of  smooth  muscular  fibres  in  mucous  membranes; ''  ZdUchrift  fUr  mssensehaft- 
Uehe  ZoohgU,  Heft  1,  1851. 
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traversing  the  meshes  of  the  adenoid  tissue,  and  frequently  intercommuni- 
cating by  anastomosing  oblique  fibre  cells  (His).  The  number  of  such  fas- 
ciculi may  amount  to  twenty  or  more  in  a  single  villus,  as  is  well  seen  in 
the  dog  and  cat,  in  which  the  longitudinal  section  of  a  villus  often  presents 
from  seven  to  ten  fEwciculi  in  close  proximity. 

In  the  almost  mature  embryoes  of  guinesrpigs,  instead  of  completely 
formed  villi,  we  find  solid  papilliform  masses  of  cells,  with  other  similar 
structures  presenting  a  central  cavity  extending  for  a  variable  distance 
towards  the  apex.  In  the  latter  a  bs^d  of  muscular  fibres  may  be  demon- 
strated, besides  a  few  vascular  loops,  which,  proceeding  from  the  muscularis 
mucosiB,  arch  over  the  apex  of  the  csdcal  extremity  of  the  cavity,  and  return 
again  to  the  muscularis  muoos».  I  have  obtained  a  preparation  exhibiting 
similar  features,  from  an  adult  cat,  and  L  believe  that  this  affords  an  explana- 
tion of  the  statement  made  by  Donders,*  that  transverse  muscular  fibres 
are  present  at  the  apices  of  the  villi.  I  have  myself  not  unfrequently  seen 
them  in  the  child,  cat,  and  rat,  and  refer  them  to  the  above-mentioned  loop 
running  immediately  beneath  the  free  extremity.  The  fibre  cells  of  the 
muscularis  mucosas  are  shorter  and  more  slender  than  those  of  the  muscular 
coat  of  the  intestine,  being,  according  to  Moleschott,  scarcely  0*06  of  a  mil- 
limetre long.  The  entire  thickness  of  the  muscular  layer  of  the  mucous 
membrane  in  man  does  not  in  general  exceed  0*021  of  a  millimetre,  but 
may  amount  to  only  one-half  of  tbjs,  or  even  less. 

Epithelium. — The  free  surface  of  the  mucous  membrane  is  covered  with 
columnar  cells,  usually  arranged  in  a  single  layer,  but  presenting  at  some 
points, — as  for  instance  over  Peyer's  patches, — rounded  cells  between  their 
attached  extremities. 

The  epithelial  cells  of  the  small  intestine  are  sometimes  columnar,  some- 
times conical,  and  in  the  latter  case  are  attached  by  their  apices,  and  present 
their  bases  to  the  cavity  of  the  intestine.  They  undergo  considerable  modi- 
fication from  the  action  of  reagents,  becoming  clavate,  irregularly  swollen, 
drawn  out  into  long  processes,  etc. 

The  free  border  of  the  uninjured  epithelial  cells  of  the  intestine  presents  a 
broad  seam  or  hem,  which  imder  favorable  circumstances  (with  good  micro- 
scopes) exhibits  a  fine  striation  running  parallel  to  the  long  axis  of  the 
cell.  If  the  cells  have  already  undergone  change,  the  strips  become  irregular, 
some  of  the  lines  projecting  beyond  the  others — others  ceasing  to  preserve 
their  parallel  arrangement.  It  has  been  a  subject  of  discussion  whether 
these  striiB  are  the  expression  of  fine  canaliculi  traversing  the  hem  perpen- 
dicularly,! ^^  whether  they  represent  small  rods  of  which  it  is  composed.^ 
This  controversy  has  to  a  certain  extent  lost  its  importance,  as  neither  the 
canaliculi  nor  the  rods  furnish  any  satisfiEu^tory  explanation  of  the  mode  in 
which  the  absorption  of  fat  molecules  is  effected. 

Besides  the  ordinary  columnar  cells  of  the  intestine,  and  constituting  a 
very  remarkable  and  frequent  appearance,  are  cup,  bell,  or  goblet-shaped 
structures,  the  open  mouths  of  which  are  directed  towards  the  cavity  of  the 
intestine,  and  which  contain  at  their  base  a  mass  of  protoplasm  of  variable 
size  with  or  without  a  nucleus.     Brettauer  and  Steinach  §  originally  sug- 

*  Phpsiohgiej  Band  L 

t  Funke,  Zeitschrift  filr  mssemchaftMche  Zoohgie,  Band  tI.  KdUiker,  Wureburger 
Verhandlungeriy  Band  yi. 

t  Brettauer  and  Steinach,  Sitzungsberiehte  der  Kaiker.  Akadmme  der  Wiuemehaften. 
il857. 
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gested  that  these  structures  were  the  results  of  the  metamorphosis  of  the 
cylinder  cells.  It  still  remains  doubtful,  however,  whether,  as  Henle*  ob- 
serves, these  corpuscles  are  modified  epithelial  cells  or  represent  morpho- 
logical elements  of  a  peculiar  kind.  The  cylinder  cells  of  the  small  in- 
testine are  structures  of  such  delicacy  that  they  can  only  be  examined  in 
the  fresh  state,  without  the  addition  of  any  reagents,  and  as  they  appear  on 
folds  of  the  mucous  membrane  excised  from  the  living  animal,  the  cov- 
ering glass  being  very  gently  applied.  It  is  only  in  preparations  thus 
treated  that  the  intestinal  epithelium  is  displayed;  it  is  only  possible  in 
this  way  to  obtain  a  bird's-eye  view  of  the  regular  mosaic  formed  by  the 
cells  investing  the  villi  from  their  bases,  and  it  is  only  thus  that  we  can  con- 
vince ourselves  that  both  terminal  surfaces  resemble  one  another,  varying 
only  in  their  form  and  size.  Even  after  the  lapse  of  a  few  minutes,  clear 
bright  spots  make  their  appearance  at  the  bases  of  some  of  the  villi,  and  in 
a  short  time  goblet  cells  become  visible.  The  adjustment  of  the  focus  renders 
it  evident  that  these  bright  spots  correspond  to  elevations  which  project  at 
various  points  to  an  unequal  height  above  or  beyond  the  general  level  of  the 
epithelium.  Now,  in  regard  to  the  occurrence  of  these  elevations  and  the 
production  of  spheroidal  structures  from  columnar  epithelial  cells,  already 
demonstrated  by  Briicke  from  examination  of  cells  in  profile,  there  can  be  no 
doubt  that  portions  of  the  contents  of  these  cells  are  thrown  off  very  quick- 
ly after  their  removal  from  the  living  body,  and  give  rise  to  such  cup-like 
structures.  Strieker  and  Kocslakof  have  pointed  out  that  a  process  of  this 
kind  is  extremely  well  marked  in  acute  catarrhal  inflammation,  the  colum- 
nar epithelium  of  the  catarrhally  affected  stomach  and  intestine  of  the  rabbit, 
even  in  a  fresh  condition,  presenting  throughout  tracts  of  considerable  ex- 
tent cup-shaped  cells  alone.  If  we  add  to  this  that  it  not  unfrequently 
happens  for  the  greater  part  of  the  intestinal  epithelium  to  become  converted, 
after  the  action  of  reagents,  into  cup  cells,  we  cannot  in  reason  deny  that  the 
latter  may  originate  from  the  ordinary  columnar  cells. 

There  is  in  all  this,  then,  but  little  that  is  opposed  to  the  view  expressed 
by  Leydig  and  F.  E.  Bchulze,  that  the  epithelial  cells  are  to  be  regarded  as 
one-ceUed  glands ;  for  we  need  only  regard  the  material  discharged  by  the 
cell  as  it's  secretion ;  and  the  cell  wall,  with  the  remainder  of  the  con- 
tained material,  as  the  gland.  Further,  it  may  be  remarked  that  up  to 
the  present  time  there  is  no  evidence  against  the  supposition  that  it  is  only 
at  a  certain  period  of  their  development  that  the  cells  undergo  metamorpho- 
aa  into  goblet  cells. 

Moreover,  at  present  it  cannot  be  denied  that  besides  the  epithelial  cells 
from  which  the  goblet  cells  already  described  originate,  other  peculiar  gob- 
let or  tubiform  structures  are  present.  This  has  not  indeed  been  absolutely 
demonstrated,  but  it  constitutes  no  objection  to  the  view  that  such  struc- 
tures cannot  be  seen  in  the  fresh  state,  and  cannot  be  distinguished  from 
the  artificial  goblet  cells  under  altered  conditions.! 

The  cup-cell  metamorphosis  affects  not  only  the  cells,  but  as  Basch  states, 
the  nuclei;  for  when  the  intestinal  epithelium  of  the  frog  is  treated  with 
boracic  acid,  similar  appearances  are  frequently  produced  in  them.  The  nu- 
clei are  then  seen  to  be  ruptured  in  one  or  two  places,  and  masses  of  their 
contents  not  unfrequently  project  from  the  opening. 

*  Handbuck  der  BingewMMire,  186d,  p.  166. 

f  The  now  extensive  literature  of  this  subject  is  fully  given  in  Eimer^s  Treatise 
!Zur  GewihiehU  der  BecheneHen,  **  On  the  History  of  Goblet  Cells."    Berlin,  1868. 
X  CentralUatt,  1869. 
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Heidenhain  *  maintained  that  the  attached  extremity  of  the  cells  of  the 
epithelium  of  the  villi,  becoming  gradually  attenuated,  is  prolonged  into  a 
long  process  continuous  with  the  connective  tissue  corpuscles  of  the  pa- 
renchjTna  of  the  villi.  These  statements  have  been  accepted,  however,  by 
only  a  few  histologists,  and  have  been  denied  by  many. 

Amongst  the  animals  best  adapted  for  the  observation  of  the  connection 
of  the  epithelium  of  the  villi  with  a  subjacent  plexus,  the  guinea-pig  may 
be  named.  In  these  animals  and  in  the  rat  the  epithelium  of  the  villi  fre- 
quently becomes  detached  from  the  parenchyma,  like  the  fingers  of  a  glove, 
and  a  delicate  network  then  comes  into  view  between  the  pai*enchyma  and 
the  epithelium,  the  threads  of  which  are  continuous  now  with  the  former, 
now  with  the  latter.  The  appearances  presented,  however,  are  essentially 
due  to  manipulation.  The  network  is  composed  of  spheroidal  cells,  and  the 
transition  of  such  free  but  closely  approximated  cells  into  an  apparent  plexus 
may  be  distinctly  followed. 

Whether  these  spheroids  are  modified  red  blood  corpuscles,  or  descend- 
ants of  the  epithelial  or  of  some  other  cells,  cannot  be  satisfactorily 
deteimined.  Their  appearance,  and  a  comparison  of  them  with  red  corjms- 
cles  altered  by  means  of  chromic  acid,  renders  the  former  opinion  the  more 
probable  one.  In  these  animals  then  it  is  certain  that  no  direct  communi- 
cation exists  between  the  epithelium  and  the  stroma. 

It  is  more  difficult  to  speak  decisively  on  this  point  when  the  epithelium 
is  not  detached,  since  it  is  frequently  requisite  to  decide  whether  two  fibres 
lying  in  close  proximity  are  continuous  with  each  other. 

Nerves. — Two  thick  layers  of  ganglionic  nervous  masses  are  distinguish- 
able in  the  small  intestine,  one  of  which  is  situated  in  the  tunica  submu- 
cosa,  and  the  other  between  the  circular  and  longitudinal  muscular  fibre 
layers.  The  former,  first  described  by  Meissner,f  is  arranged  in  the  form 
of  a  flat  layer,  although  a  few  ganglia  project  towards  the  mucous  mem- 
brane, and  penetrate  between  the  adjoining  follicles ;  the  latter,  discovered 
by  AuerbachjJ  is  more  irregular,  presenting  nodulated  ganglionic  masses, 
which  are  particularly  large  and  numerous  where  the  septa  of  connective 
tLssue  di})  into  the  circular  muscular  layer. 

The  several  ganglia  may  attain  a  diameter  of  0*4  of  a  millimeti^,  and  give 
off  and  are  traversed  by  nerves  varjdng  from  0*002  to  0*004  of  a  millimetre  in 
diameter,  that  form  a  plexus  the  branches  of  which  penetrate  the  circular 
muscular  coat  with  the  septa  of  connective  tissue,  and  establish  a  commu- 
nication between  the  two  ganglionic  layera.  Other  branches  pass  through 
the  longitudinal  muscular  layers,  to  join  the  mesenteric  nerves.  A  few  small 
scattered  ganglia  are  distributed  in  the  course  of  these  nerves.  In  regard 
to  the  further  distribution  of  the  nerves  in  the  mucous  membrane,  no  cer- 
tain information  has  been  at  present  obtained,  and  the  same  may  be  said  of 
the  mode  of  termination  of  the  pale  nerve  fibres  in  the  organic  fibre  cells  of 
the  muscular  tunics. 

The  nerve  cells  which,  accumulated  in  numbers  varying  from  three  to 
thirty,  form  the  ganglia,  are  in  Man  either  unipolar  or  multipolar,  and 
have  a  diameter  of  from  0*006  to  0*019  of  a  millimetre. 

The  nerves  are  composed  of  non-meduUated  fibres.  Both  the  nerve 
trunks  and  the  ganglia  ai*e  invested  by  nucleated  sheaths. 

♦  Die  Abmrptiomwege  des  Fettes,  **  The  Mode  of  Absorption  of  Fat ;  "    Moleschott's 
UntersHchungen,  Band  iv. 
f  ZeiUfcJiHftfhr  ratiorieUe  Medtdn,  Bandviii.,  1857. 
i  Ueber  eineii  Pleius  Mycntericus.     Breslau,  1862. 
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P.  The  Large  Intestine. 

The  large  intestine  is  the  direct  continuation  of  the  small,  and  exhibits 
in  its  sevei-al  divisions,  the  caecum,  with  the  processus  vermicularis  and  the 
colon,  the  same  sti-ucture  and  arrangement  of  its  constituent  parts  as  are 
presented  by  the  latter.  It  is  lined  by  a  single  layer  of  columnai-  epithelium, 
the  individual  cells  of  which  not  unfrequently  vary  considerably  in  size 
and  shape ;  sometimes  they  are  cylindrical  or  conical,  with  truncated  apices, 
and  are  therefore  short  and  relatively  broad,  and  sometimes  they  are  thin, 
and  externally  run  into  long  processes ;  their  nucleus  is  rounded  or  ellipti- 
cal, and  either  occupies  the  centre  or  the  lower,  i,  e,,  the  external,  third  of 
the  cell.  In  the  newly  bom  child  the  cylindrical  epithelium  may  frequently 
be  seen  to  be  detached  from  the  subjacent  membrane.  The  thick  hem  or 
border  of  the  columnar  cells,  both  in  fresh  and  hardened  preparations,  pre- 
sents the  well-known  fine  striation. 

The  mucous  layer  is  similarly  formed  to  that  of  the  small  intestine.  It 
ia  composed  of  a  very  close,  yet  delicate  plexus  of  cells,  containing  numerous 
lymph  corpuscles  in  its  meshes. 

Fig.  131. 


Fig.  131.  Section  of  the  large  intestine  of  a  Rabbit.  J,  crypts  of  Lieberktthn ;  a, 
epithelium;  b^  mucosa;  m^  muscularis  maoosas;  «,  submacosa;  B,  circular  muscular 
layer ;  L,  longitudinal  moscolar  layer ;  p,  peritoneum. 

In  the  newly  born  cliild  there  are  found,  besides,  numerous  fusiform 
cells,  similar  to  those  met  with  elsewhere  in  embryonal  connective  tissue. 
The  Lieberkiihnian  crypts  are  imbedded  in  the  mucosa.  They  form  sometimes 
straight,  sometimes  slightly  cui*ved  tubes,  arranged  either  perpendicularly 
or  somewhat  obliquely  to  the  surface,  generally  of  equal  size  throughout,  or 
more  frequently  swollen  at  the  extremity,  and  having  a  diameter  of  0*06 — 
O'OS  of  a  millimetre,  and  a  length  of  0*35  of  a  millimetre.  The  epithelium 
lining  each  tube  is  a  direct  continuation  of  the  columnar  epithelium  of  the 
surface,  and  in  no  respect  differs  from  it. 

As  regards  the  distribution  of  the  crypts,  they  lie  in  close  apposition  in 
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the  cfiecTim  and  colon,  whilst  in  the  processus  vermicularis  they  are  generally 
separated  from  one  another  by  wider  tracts  of  mucous  membrane,  and  at 
the  same  time  appear  shorter  and  broader. 

The  muscuiaria  mucosae  is  comparatively  feebly  developed ;  its  fasciculi 
are  partially  arranged  into  one  internal  circular  and  an  external  longitudi- 
nal layer,  which  generally  decussate  at  the  base  of  the  crypts,  but  frequently 
give  off  numerous  smaller  fasciculi  that  penetrate  the  mucosa  between  the 
tubes,  to  which  they  hold  the  same  relation  as  in  the  small  intestine. 

The  8ub7nucou8  tiasvs  is  looser  in  texture,  and  hence  forms  numerous 
folds  or  rugsB  in  the  cascum  and  colon,  which  are  capable  of  being  obliter- 
ated by  extension.  The  submucous  tissue  stands  here  also  in  connection  with 
the  mucosa  by  means  of  the  septa  of  the  fasciculi  of  the  muscularis  externa, 
and  also  by  the  vessels  which  traverse  the  muscularis  mucosas. 

The  muscvlaria  externa^  like  that  of  the  small  intestine,  is  arranged  in 
two  layers,  an  internal  circular  and  an  external  longitudinal ;  the  conjoint 
thickness  of  which  in  the  c»cum  and  colon  of  the  child  amounts  to  0*6 — 0*7 
of  a  millimetre. 

The  thickness  of  the  longitudinal  layer  is  in  inverse  proportion  to  that  of 
the  circular ;  at  the  longitudinal  bands  they  are  both  of  equal  thickness, 
but  in  receding  from  these  the  circular  layer  increases  as  the  longitudinal 
diminishes. 

The  solitary  follicles,  as  is  generally  admitted,  possess  no  lacteals ;  but 
these,  on  the  contrary,  as  Teichmann  *  has  shown,  are  displaced  by  the  fol- 
licles, so  that  their  arrangement  is  much  disturbed  in  their  vicinity.  The 
plexus  surrounding  the  follicles  consists,  as  shown  by  His,  of  wide  lymph 
sinuses,  which  are  lined  by  a  flat  epithelium,  f 

The  nerves  of  the  large  intestine  also  present  the  same  general  relations 
as  those  of  the  small,  both  in  regard  to  the  plexuses  they  form  between  the 
two  muscular  layers,  and  to  the  ganglionic  knots  or  swellings  of  Auerbach 
and  of  Meissner.  The  latter  are  usually  spheroidal  in  form,  of  relatively 
large  size,  but  containing  singularly  small  cells. 

The  cells  may  be  traced  in  the  form  of  small  chains  for  a  short  distance 
in  the  course  of  the  several  nerve  trunks.  Each  nodal  point  is  invested  by 
a  layer  of  connective  tissue,  in  which,  besides  spheroidal  nuclei,  fusiform 
cells  with  oblong  nuclei  can  be  clearly  distinguished. 

G.  Rectum. 

The  thickness  of  the  intestinal  walls  constantly  augments  as  the  anal 
orifice  is  approximated,  so  that  near  the  middle  of  the  rectum  in  the  adult 
it  attains  a  thickness  of  3 — 4  millimetres.  The  proportions  are  still  more 
remarkable  in  the  newly  bom  child,  in  which  the  parietes  of  the  rectum  are 
fi*om  1*3  to  1*5  millimeti'es  thick.  This  thickening  is  partly  independent 
and  proper  to  itself,  being  in  &ct  due  to  the  increase  of  its  own  muscular 
layers,  but  is  in  part  also  attributable  to  extrinsic  causes ;  the  rectum,  after 
leaving  the  peritoneum,  receiving  numerous  muscular  fasciculi  from  the 
adjoining  partd,  and  in  particular  from  the  musculus  levator  ani. 

The  muscular  tunics,  of  which  the  external  here  again  forms  a  continuous 
layer,  become  in  the  lowermost  parts  constantly  more  and  more  closely  con- 
nected with  the  adjacent  tissues ;  and  as  the  mucous  membrane  gradually 
passes  into  the  external  skin,  the  organic  muscular  tissue  of  the  intestine 

*  Teiohmami,  loe.  dt.  His  Zeitschrift  fur  wissensehaftHche  Zoologiey  Bande  xL , 
xii,  and  xiii.  ;  Frey,  Yirchow's  Arc^dt,  Band  xxxri. 

f  V.  Eeoklinghausen,  Die  Lymphgefasse^  etc.    Berlin,  1862. 
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blends  with  the  transversely  striated  muscle  in  the  neighborhood  of  the 
anus. 

The  peritanen/m  also,  where  it  invests  the  rectum,  appears  to  be  thick- 
ened, and  the  submucous  tissue,  which  becomes  steadily  thicker  and  denser 
below,  is  partly  continued  directly  into  the  subcutaneous  connective  tissue 
of  the  regio  analis,  and  partly  penetrates  in  the  form  of  bands  between  the 
divisions  of  the  musculus  sphincter  extemus. 


Fig.  182. 


Fig.  132.  Longitadinal  section  of  the  moscolatare  of  the  rectum. 

Muscular  Tube. — The  hngitudinal  fibrous  layer  of  the  intestine,  which 
again  forms  a  more  continuous  layer  in  the  rectum,  in  consequence  of  the 
dilatation  of  the  three  ligamenta  coli,  still  exhibits  in  the  upper  parts  con- 
siderable differences  in  its  thickness,  suggestive  of  its  previous  fasciculated 
arrangement.  In  the  newly  bom  child,  at  this  level,  variations  occur  to 
such  an  extent,  that  in  some  parts  the  thickness  amounts  to  0*23  of  a  milli- 
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metre,  whilst  in  others  it  does  not  exceed  0*06  of  a  millimetre ;  and  similar 
differences  occur  in  the  adult.  The  muscular  bands  gradually  become 
extended  by  lateral  expansion,  decussate  in  some  parts  with  the  outermost 
fasciculi  of  the  circular  muscular  layer  (at  the  valves  of  Houston),  and 
finally  become  associated  with  the  innermost  fasciculi  of  the  musculus  levar 
tor  ani,  which,  at  first  separated  from  them  by  a  thin  layer  of  connective 
tissue  from  the  posterior  portion  of  the  pelvic  fascia,  ultimately  join  directly 
with  them  at  acute  angles.  A  few  millimetres  higher  a  few  fibres  of  the 
posterior  portion  of  the  longitudinal  muscular  layer  mutually  interpenetrate 
with  those  of  the  musculi  recto-coccygei,  which,  proceeding  from  the  sacrum, 
here  terminate. 

Three  distinct  portions  of  the  musculus  levator  ani  can  be  distinguished, 
each  of  which  differs  in  the  nature  of  its  fibres  from  the  other,  the  inner- 
most being  formed  of  organic,  the  middle  of  a  mixture  of  organic  and  trans- 
versely striated,  and  the  external  (which  constitutes  the  largest  portion)  of 
purely  animal  fibres.  It  is  only  the  innermost  of  these  three  groups  which 
enters  inte  immediate  relation  with  the  rectum,  its  constituent  fibres  in 
part  penetrating  obliquely  into  the  longitudinal  muscular  layers,  an*d  inter- 
weaving with  them  both  in  an  upward  and  downward  direction,  and  in  part 
crossing  them  at  right  angles,  and  blending  with  the  circular  muscular 
layer.  At  the  level  of  the  sphincter  internus  the  longitudinal  fibrous  layer 
becomes  separated  to  some  extent  from  the  former,  whilst  fasciculi  of  con- 
nective tissue  intervene  between  them ;  and  the  limits  between  the  longitu- 
dinal muscular  layer  and  the  innermost  fasciculi  of  the  levator  ani,  in  con- 
sequence of  their  mutual  approximation,  can  no  longer  be  distinguished. 
The  longitudinal  muscular  layer  and  the  innermost  &8ciculi  of  the  levator 
ani  radiate  out  into  numerous  cords,  which  penetrate  between  the  fasciculi 
of  the  musculus  sphincter  extemus  in  such  a  way  that  the  ring  of  the 
sphincter  extemus  is  split  into  a  series  of  concentric  zones ;  these  traverse 
its  whole  thickness,  and  finally  terminate  in  thin  tendons,  which  are  lost  in 
the  skin  of  the  buttock. 

The  circida/r  muscular  layer  at  the  beginning  of  the  rectum  still  possesses 
a  considerable  thickness.  In  adults  it  measui-es  somewhat  less  than  one 
milliinetre,  and  in  the  newly  bom  child  about  0*2  of  a  millimetre ;  but  it 
increases  in  proportion  as  the  anus  is  approximated ;  it  forms  also  tempo- 
rary thickenings  in  the  lowermost  plic»  sigmoideae,  where  it  interweaves 
with  the  longitudinal  muscular  layer,  receives  numerous  muscular  fasciculi 
from  the  levator  ani,  and  finally  near  the  anal  orifice  augments  to  a  thick- 
ness of  five  millimetres  in  adults,  and  of  0*5  of  a  millimetre  in  the  newly 
bom  child,  causing  an  annular  thickening  termed  the  sphincter  internus. 
The  upper  margin  of  this  ring  is  by  no  means  sharply  defined,  whilst  if  a 
longitudinal  section  be  carried  through  the  lowermort  pai*t  of  the  rectum, 
the  thickening  caused  by  the  sphincter  internus  is  seen  to  be  club-shaped. 

Immediately  below  the  sphincter  internus,  and  situated  somewhat  more 
externally,  the  striated  fibres  of  the  sphincter  externus  begin  to  make  their 
ap{)earance,  forming  circles  round  the  anal  opening,  and  laterally  blending 
with  the  most  external  fasciculi  of  the  levator  ani. 

Mucous  Membrane. — The  mucous  membrane  of  the  lower  part  of  the 
rectum  in  man  usually  presents  valve-like  processes,  running  at  right 
angles  to  the  axis  of  the  intestine,  but  usually  extending  over  only  a  por- 
tion of  the  circumference.  They  are  neither  incapable  of  obliteration,  nor 
invaiiably  present,  though  the  muscular  tissue  enters  into  their  formation. 
In  the  great  majority  of  cases  I  found  them  to  be  three  or  four  in  number, 
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of  which  one,  and  indeed  usually  the  lowest,  appeared  so  far  independent 
that  a  thickening  of  the  circular  muscular  layer  corresponded  to  it,  amount- 
ing to  nearly  double  that  which  this  layer  ordinarily  presents.  In  a  speci- 
men obtained  fi<om  a  child  I  found  that  in  this  way  the  circular  muscular 
layer,  which  at  first  is  0*21  of  a  millimeti-e  thick,  becomes  thickened  oppo- 
site tlie  fold  to  0*4  of  a  millimetre,  the  longitudinal  layer  assisting  in  its 
formation  by  the  incurvation  of  some  of  its  fibres.  The  lowermost  fold  is 
situated  about  5 — 6  centimetres  above  the  anus  (1 — 2  centimetres  in  the 
newly  born  child),  and  occupies  the  whole  of  the  right  wall  of  the  rectum, 
and  from  thence  may  extend  to  some  distance,  both  anteriorly  and  posteri- 
orly. The  one  immediately  above  is  situated  on  the  left  wall,  and  the  next 
again  on  the  right,  and  so  on  at  shoit  intervals,  alternating  from  side  to 
side  when  several  valves  are  present. 

The  minute  anatomy  of  the  mucous  membrane  of  the  rectum  presents  the 
features  as  those  of  other  parts  of  the  intestinal  tract.  Near  the  anus,  how- 
ever, the  elastic  fibres  become  more  abundant,  the  cellular  elements  more 
sparingly  distributed,  the  vessels  less  numerous,  and  ultimately  it  passes  into 
the  papillated  external  int^iment.  The  muscularis  mucosa  may  be  distinctly 
followed  to  the  point  of  transition.  This  layer  also,  like  all  the  other  tunics 
of  the  intestine,  increases  in  thickness  in  the  rectimi,  so  that  it  may  equal, 
or  even  exceed,  0*2  of  a  millimetre,  whilst  the  differentiation  of  its  fibres 
into  an  external  longitudinal  and  an  internal  circular  layer  is  lost  in  the 
prevailing  longitudinal  dii^ction  they  assume.  Near  the  anal  orifice  its  fas- 
ciculi are  closely  arranged  in  the  form  of  cords,  which  cause  the  projection 
of  the  mucous  membrane  into  several  longitudinal  folds  (Columme  Morgagni), 
and  then  become  continuous  with  delicate  tendons  which  terminate  in  the 
skin  adjoining  the  anus.  The  tendinous  mode  of  termination  of  the  muscu- 
laris mucosse  is  much  more  easily  recognizable  in  animals  than  in  man,  from 
whom  it  is  difficult  to  procure  sufficiently  fresh  specimens ;  in  cases  where^ 
as  in  the  rat  and  guinea-pig,  the  line  of  transition  from  the  columnar  epithe- 
lium of  the  intestine  into  the  tessellated  epithelium  of  the  skin  occurs  ab- 
ruptly, it  exactly  coincides  with  this  line. 

The  ascending  processes  which  are  here  also  given  off  by  the  muscularis 
mucosas  to  the  interspaces  between  the  Lieberktlhnian  follicles  are  connected 
with  each  other  by  a  few  transverse  fibres.  These  may  be  constantly  seen 
around  the  orifices  of  the  follicles  immediately  below  the  surface  of  the 
mucous  membrane. 

The  lymph  foUidea  of  the  mucous  membrane  of  the  Rectum  are  of  the  sol- 
itary variety,  and  comparatively  few  in  number.  In  their  general  charac- 
ters they  resemble  those  of  the  other  portions  of  the  large  intestine.  It  is 
deserving  of  notice,  however,  that  in  the  child  I  met  with  isolated  masses  of 
adenoid  tissue  below  the  sigmoid  curvature  imbedded  amongst  the  inter- 
weaving fibres  of  the  cii'cular  layer,  or  lying  between  these  and  the  longitu- 
dinal layer  of  muscular  fibres,  which  were  continuous  laterally  with  the  in- 
terfibrillar  connective  tissue  of  the  muscular  tunics.  It  remains  to  be  estab- 
lished, however,  whether  these  perform  the  same  functions  as  the  true  lymph 
follicles. 

At  the  thickened  portion  of  the  mucous  membrane  the  Jjieherkuhnian 
crypts  appear  to  be  elongated,  their  length  being  as  much  as  0'6  and  0*7  of 
a  millimetre,  whilst  they  may  attain  to  0*07  of  a  millimetre  in  breadth.  In 
the  newly  bom  child  they  have  a  height  of  about  0*3  of  a  millimetre  and  a 
breadth  of  about  0*05  of  a  millimetre.  Tlie  only  part  of  the  surface  on  which 
they  are  not  found  is  that  over  the  lymph  follicles,  on  wliich  account  the 
latter  appear  to  be  depressed,  and  can  only  be  recognized  with  the  naked  eye 
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as  punctiform  hollows.  Elsewhere  the  crypts  are  situated  in  close  apposition. 
They  cease  in  the  region  of  the  Columnie  Morgagni,  in  the  lowermost  part 
of  which  a  few  sebaceous  follicles  already  begin  to  be  visible. 

The  epitlidium  of  the  large  intestine,  in  conclusion,  presents  no  points  of 
difference  from  that  lining  die  small,  and  like  it  possesses  a  striated  hem  or 
border.  I  have,  at  least,  ascertained  this  to  be  the  case  in  man,  the  dog, 
cat,  rabbit,  guinea-pig,  rat,  and  frog.  Near  the  anal  orifice,  however, 
numerous  roundish  cells  constantly  make  their  appearance  between  the 
columnar  or  conical  ones,  but  this  also  occurs  in  many  parts  of  the  small 
intestine.  The  latter  preponderate  in  number  only  as  far  as  the  Colunm» 
Morgagni,  where  they  are  gradually  replaced  by  several  layers  of  roimded 
succulent  cells  the  most  superficial  of  which  become  more  and  more  flattened 
till  the  transition  into  the  ordinary  tessellated  epithelium  is  completed.  In 
the  child  this  ti-ansition  is  less  sudden,  because  the  projecting  angles  of  the 
folds  of  Morgagni  are  already  crowned  with  the  pavement  epitiielium,  though 
the  more  protected  deep  fissures  between  the  columnaa  always  preserve  an 
investment  of  cylindrical  cells.  Papillsa  are  first  encountered  where  the 
pavement  epithelium  is  completely  developed — ^that  is,  immediately  below 
the  sphincter  intemus. 

In  the  rat  the  OoIoAxub  Mozgagni  are  absent,  and  the  lowest  czypts  extend  to  the 
Bphincter  extemos.  These  lowermost  crypts  are  lined  throughout  by  the  usual  form 
of  columnar  epithelium,  but  on  the  side  of  these  orifices  whidi  is  turned  towards  the 
anus  a  layer  of  pavement  epithelium,  four  or  five  cells  in  thickness,  immediately 
abuts  upon  the  cylinder  cells,  which  last  reach  to  the  precise  level  of  the  orifice. 
This  point  coincidea  always  with  that  at  which  the  muscularis  muoose,  becoming 
oblique,  rons  out  into  points  and  is  lost. 

Nerves. — The  plexuses  both  of  Meissner  and  of  Auerbach  are  continued  from  the 
colon  into  the  rectum,  the  development  of  the  latter  preponderating  over  the  former. 
After  the  peritoneal  investment  ceases,  the  dose  nervous  web  from  the  plexus  puden- 
dalis  joins  it,  containing  ganglionic  enlargements  of  considerable  magnitude.  The 
above  plexuses  contain  both  dark-edged  and  pale  sympathetio  nerve  fibres,  which 
branoh  and  are  distributed  between  the  muscular  fasciculi  of  the  sphincter  intemus 
and  extemuB,  and  those  of  the  external  longitudinal  muscular  layer  and  levator  ani. 
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CHAPTER  XVII. 

BLOODVESSELS   OF  THE  ALIMENTARY   CANAL. 

By  C.  TOLDT. 
Mucors  Mbhbbanb  of  thb  Obal  Gavitt. 

The  mucous  membrane  of  the  mouth  derives  its  supply  of  blood  from 
various  branches  of  the  external  carotid  artery,  the  arteries  labiales,  bucciiia- 
toria,  lingualis,  transversa  faciei  pterygo-palatina,  and  alveolaris  superior  and 
inferior.  The  terminal  branches  of  these  arteries  enter  the  submucous  tis- 
sue of  the  oral  cavity  after  the  trunks  from  which  they  proceed  have  become 
much  diminished  in  size  from  giving  off  numerous  branches  to  the  muscles, 
glands,  and  other  organs,  and  after  having  formed  numerous  anastomoses 
with  each  other  and  the  adjoining  arterial  vessels.  After  reaching  the  sub- 
mucous tissue  they  are  distributed  parallel  to  the  surface,  and  by  their 
numerous  anastomoses  form  a  wide-meshed  plexus,  from  which  branches 
extend  into  the  connective  tissue  layer  of  the  mucous  membrane,  where 
they  compose  a  close  terminal  network,  interlacing  with  the  corresponding' 
venous  plexus.  From  this  finally  the  minute  branches  for  the  papillas  are 
given  off,  the  capillaries  of  which  present  considerable  variety  in  the  different 
sections  of  the  mucous  membrane. 

The  efferent  vessels  of  the  papill»  discharge  their  blood  into  a  close- 
meshed  venous  plexus,  which  decussates  with  tibe  above-mentioned  arterial 
plexus.  The  venous  portion  of  the  vascular  expansion  contained  in  the 
connective  tissue  of  the  mucous  membrane  is  characterized  by  the  large  size 
of  the  vessels  composing  it,  their  comparatively  straight  course,  and  numer- 
ous anastomoses,  whilst  the  arterial  portion  is  greatly  inferior  to  the 
venous  in  the  diameter  of  its  constituent  vessels,  which  are  at  the  same 
time  somewhat  less  numerous.  As  a  general  rule  the  arterial  and  venous 
trunks  pursue  a  parallel  course. 

The  veins  arising  from  the  plexus  each  run  by  the  side  of  an  artery  into 
the  submucous  tissue,  where,  having  collected  together  and  freely  anastomo- 
sing with  each  other,  they  form  a  wide-meshed  plexus  similar  to  and  paral- 
lel with  that  formed  by  the  arteries.  These  relations  are  met  with  through- 
out the  whole  extent  of  the  oral  cavity,  except  only  that  the  closeness  of  the 
plexus  presents  considerable  variation  at  different  parts,  in  accordance  with 
the  greater  or  less  development  of  the  capillaries  of  the  papilla. 

As  a  general  rule,  it  may  be  stated  that  the  larger  the  papillss,  the  more 
extensive  is  the  capillary  plexus  in  their  interior. 

At  the  ma/rgina  of  the  lipsy  where  the  largest  papilla  are  found,  from 
three  to  five  branches  of  the  terminal  arterial  plexus  enter  each  papilla,  and 
by  their  divisions  and  anastomoses  form  an  elongated  but  wide-meshed 
capillary  plexus  (fig.  133).  The  transition  into  the  venous  channels  takes 
place  by  one  or  more  capillary  loops  usually  situated  at  the  apex  of  the 
papilla.  From  this  point  the  small  veins,  characteidzed  by  their  large  lumen 
and  straight  course,  receiving  lateral  branches,  and  occupying  the  ajces  of 
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papillae,  run  towards  the  centre  of  tbeir  bases,  and  descend  perpendicularly 
to  the  venous  plexus  of  the  mucous  membrane.  This  course  enables  them 
to  be  easily  distinguished  from  the  capillary  arterioles  which  run  obliquely 
towards  the  papilla.  As  we  recede  from  the  margin  of  the  lips,  the  vas- 
cular aiTangement  of  the  papillae  assumes  a  more  simple  character,  so  that 
in  those  of  the  posterior  su/rface  of  the  lijjs  the  capillary  loops  are  either 
simple,  or  have  only  one  or  two  ti*ansverse  branches.  The  papillae  of  tlie 
cheekSy  in  like  manner,  have  only  simple  capillary  loops. 

Fig.  133. 


Fig.  133.  PapillsB  of  the  lip. 

The  papillae  of  the  hard  palate  are  of  considei-able  height  ant-eriorly,  yet, 
for  the  most  part,  contain  only  a  single  vertical  vasculai*  loop ;  posteriorly, 
the  height  of  the  loops  is  much  diminished,  and  on  the  soft  palate  they  form 
only  flat  arches,  which,  originating  in  the  relatively  close-meshed  plexus  of 
the  mucous  membrane,  present  the  convexity  of  their  arches  to  the  surface. 

The  ffujns  bear  papillae  on  their  free  surface,  the  vascular  plexus  of  which 
is  nearly  as  much  developed  as  in  those  of  the  lips,  but  in  those  of  the  lateral 
surfaces  there  is  only  a  single  capillary  loop. 

The  papillae  on  the  ^oor  of  t^ie  mouth  have  single  loops,  with  occasionally 
one  or  two  cross  branches. 

Langer*  has  very  recently  called  attention  to  a  remarkable  ari'ungement 
that  is  found  in  the  frog.  In  this  animal  the  capillary  vessels  of  the  mu- 
cous membrane  of  the  mouth  and  of  the  cesophagus  as  far  as  the  cardiac  orifice 
of  the  stomach  present  numerous  diverticula,  which  project  towards  the  free 
surface  of  the  membrane,  and,  after  becoming  constricted,  terminate  in  the 
capillary  vessels.  Langer  is  no  doubt  justified  in  regarding  these  as  a  pecu- 
liar arrangement  supplying  the  place  of  capillary  loops,  and  adduces, 
in  support  of  his  opinion,  the  fact  that  in  the  toad  these  diverticula  are  re- 
placed by  the  ordinary  capillary  loops  in  the  posterior  parts  of  the  mouth, 
and  in  the  parts  extending  beyond  to  the  entrance  of  the  stomach. 


•  Sitzungshenchte  der  k.  k.  AkadenUe  der  Wmensehaften  zu  Wien^  Band  Iv.,  AbtheiL 
1;  Ueber  das  Lymphgefdssystem  des  Frosches^  **0n  the  Lymphatic  System  of  the 
Frog." 
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Mucous  Membrane  of  the  Tongue. 

The  branches  of  the  lingual  artery,  of  which  the  dorsalis  linguse  is  dis- 
tributed to  the  upper  surface,  and  the  arteria  ranina  to  the  middle  and 
anterior  portion  of  the  tongue,  run  obliquely  upwards  and  forwards  into  its 
substance,  giving  off  numerous  branches  in  their  courae,  and  ultimately,  in 
order  to  reach  the  mucous  membrane,  penetrate  the  compact  layer  of  con- 
nective tissue  (fascia  linguss),  which  invest  the  muscular  mass.  On  reaching 
the  mucous  membrane,  these  branches  break  up  into  a  number  of  terminal 
twigs,  which  then  pursue  a  superficial  course,  and  finally  form  loops  in  the 
papillae. 

The  simple  filiform  papillss  of  the  smallest  size  contain  only  a  single  vas- 
cular loop  ;  but  all  the  compound  varieties,  whether  filiform,  fungiform,  or 
drcum vallate,  possess  a  system  of  vessels  from  which  a  loop  is  given  off  to 

Fig.  134. 


Fig.  184.  Filiform  papillas  of  the  tongae. 

each  secondary  papilla.  Into  every  papillss  two  or  more  terminal  arterial 
branches  enter  (fig.  134),  divide  in  the  interior,  and  then,  after  anastomo- 
sing once  or  twice,  give  off  a  capillary  branch  into  each  secondary  papilla. 
The  capillary  has  a  diameter  of  about  0*01  millimetre,  and  runs  to  the  apex 
of  the  papilla,  where  it  forms  a  loop,  and,  reversing  its  course,  unites  with 
others  to  form  a  venous  trunk.  The  large  papillae  contain  two  or  more  venous 
trunks.  The  larger  and  smaller  papillsd  of  the  same  variety,  as  well  as  the 
three  subordinate  forms  of  the  papillae,  are  not  in  any  way  distinguishable 
from  one  another  by  the  arrangement  of  the  bloodvessels,  but  essentially  by 
the  greater  or  less  development  of  the  vascular  plexus,  and  the  number  of 
loops  that  are  given  off  in  each  instance  in  correspondence  with  the  num- 
ber of  the  secondary  papillae. 

The  veins  of  the  papillae,  which  are  of  considerable  size  in  the  circumval- 
late  variety,  run  vertically  downwards,  and  form  by  their  junction  with 
those  from  other  papillae,  and  by  their  frequent  anastomoses,  a  beautiful 
venous  plexus  situated  between  the  terminal  expansion  of  the  arteries  and  the 
fascia  linguae.  The  meshes  of  this  plexus  are  usually  rounded  in  the  ante- 
rior part  of  the  tongue ;  the  larger  trunks  arising  from  it  penetrate  the 
fiuiday  and,  running  side  by  side  with  the  arteries,  receive  numerous  veins 


Digitized  by 


Google 


400  BLOODVESSELS  OF  THE   ALIMENTAEY  CANAL. 

from  the  muscles,  and  dip  into  the  substance  of  the  organ,  where  they 
coalesce  to  form  the  large  venous  trunks.  In  the  posterior  part  of  the  tongue, 
numerous  large  veins  take  origin  from  the  above-mentioned  venous  plexus, 
and,  after  running  for  some  distance  backwards  on  the  feiscia,  combine  at 
the  root  of  the  tongue  to  form  the  ven»  dorsalis  lingua.  The  posterior 
parts  of  the  mucous  membrane  of  the  tongue  are  consequently  extraordi- 
narily rich  in  veins. 

It  only  remains  to  be  mentioned  that  both  the  arterial  and  venous  sys- 
tem of  the  mucous  membrane  of  the  right  and  left  halves  of  the  tongue  are 
everywhere  in  direct  communication  at  the  median  line. 

Saccular  Glands  op  the  Mouth  and  Pharynx,  and  the  Tonsils. 

Arterial  branches  penetrate  at  various  points  through  the  fibrous  sheath 
of  the  saccular  glands  into  theii*  interior,  and  give  off  branches  which  supply 
the  adenoid  substance.  Where  this  last  is  distinctly  divided  into  follicles, 
the  capillaries  are  distributed  as  in  those  of  the  intestine  (to  the  description 
of  which  the  reader  is  referred),  except  that  their  diameter  is  somewhat 
greater.  But  where  the  adenoid  substance  is  diffused,  the  vascular  plexus 
is  quite  irregular.  The  veins  issuing  from  it  are  very  numerous,  and  form 
short  broad  vessels,  which  for  the  most  part  run  in  the  intermediate  spaces 
of  the  adenoid  substance,  as  well  as  immediately  beneath  the  fibrous  invest- 
ment, from  which  they  finally  emerge  at  various  points. 

Arterial  branches  also  pass  towards  the  mucous  membrane,  covering  the 
sacculi  internally,  running  up  the  interspaces  between  the  follicles,  or 
traversing  the  layers  of  adenoid  substance,  and  finally  terminating  in  flat 
capillary  loops,  which  supply  the  papillss.  From  these  large  venous  tininks 
arise,  which  unite  with  those  originally  in  the  adenoid  substance. 

The  bloodvessels  in  the  several  follicles  of  the  tonsils  exhibit  the  same 
relations;  the  larger  arterial  and  venous  trunks  running  and  branching 
between  them. 

Acinous  Glands  of  the  Alimentary  Canal. 

All  the  various  glands  of  the  digestive  tract  present  an  essentially  similar 
arrangement  of  their  bloodvessels ;  as  may  be  seen  in  the  mucous  glands  of 
the  mouth,  pharynx,  and  (esophagus,  the  salivary  glands  and  pancreas,  and 
the  glands  of  Brunner  in  the  duodenum.  The  larger  bloodvessels  dis- 
tributed to  these  glands  ramify  in  the  connective  tissue  investing  the  lobules. 
A  single  arteriole  and  veinlet  penetrate  each  of  the  smallest  follicles,  then 
break  up  in  a  tree-like  manner,  and  are  finally  lost  in  the  capillary  plexus. 
The  capillary  plexus  everywhere  consists  of  arched,  frequently  branched 
tubules ;  with  a  mean  diameter  of  0*008  of  a  millimetre,  which  are  so  ar- 
ranged aroimd  the  glandular  vesicles  that  each  of  the  latter  is  surrounded 
by  from  two  to  four  such  arches.  These  vessels  communicate  uninterrupt- 
edly throughout  the  entire  lobule ;  each  lobule  thus  possesses  its  own  cir- 
cumscribed capillary  system.  A  round-meshed  capillary  plex\is  invests  the 
excretory  ducts  of  the  mucous  follicles  as  far  as  their  orifice ;  the  ducts  are 
also  accompanied  by  two  veins  which  here  and  there  communicate,  and 
near  the  surface  of  the  mucous  membrane  usually  join  by  means  of  an 
anastomotic  ring  with  the  venous  plexuses  of  the  mucous  membrane. 

Mucous  Membrane  op  the  Pharynx. 
'     The  upper  parts  of  iiie  pharynx  receive  their  supply  of  blood  through 
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the  pharyngo-palatine  and  flpheno-palatine  branches  of  the  internal  maxil- 
lary artery,  whilst  the  middle  and  lower  parts  are  supplied  dii-ectly  from 
the  external  carotid  by  the  ascending  pharyngeal  and  palatine  arteries. 
The  terminal  branches  of  these  vessels  run  obliquely  towards  the  surface  of 
the  submucous  layer,  where  they  ramify,  ultimately  dividing  into  fine 
branches  that  run  immediately  beneath  the  epithelial  layer  of  the  mucous 
membrane.  Capillaries,  having  a  diameter  of  0*006  of  a  millimetre,  are 
given  off  from  these  vessels,  which  form  simple  loops  in  the  serially  arranged 
|>apill8e.  There  is  scarcely  any  region  where  papill»  are  found  in  which  the 
vascular  loops  present  so  much  uniformity  as  here.  The  descending  por- 
tions of  the  loops  unite  into  veins  that  quickly  acquire  a  considerable  size, 
and  these  vessels  communicate  by  numerous  anastomoses^  and  run  for  the 
most  part  in  the  direction  of  the  long  axis  of  the  pharynx,  so  as  to  form  a 
plexus  with  elongated  meshes.  Sooner  or  lator  the  larger  venous  trunks 
join  the  veins  of  the  subjacent  glandular  or  muscular  layer.  The  excretory 
ducts  of  the  mucous  glands  are  surrounded  at  their  orifices  with  circularly 
arranged  papillary  loops. 

Fig.  135. 


Fig.  135.  Snhmuoons  and  maoous  lajen  of  the  oBSophaguB,  as  seen  with  different 
foamaang. 

Mucous  Membrane  of  thb  GBsophauus. 

The  vascular  plexus  of  the  mucous  membrane  of  the  oesophagus,  derived 
from  the  cesophageal  arteries,  and  from  sn^all  bmiiches  of  the  inferior  thy- 
roid and  bronchial  arteries,  is  extremely  close.  The  large  vessels  run  longi- 
tudinally in  the  submucous  layer,  communicating  from  time  to  time  by 
trattsverse  anastomoses  (fig,  135.  a).  The  smaller  branches  reach  the 
mucous  membrane  oMiquely,  and  then  usually  become  longitudinal  and 
very  sinuous  in  their  course;  they  also  form  a  plexus  with  elongated 
mediea  (fig,  135,  h),  from  which  the  ca2>illary  loops,  destined  for  the  most 
9iuperftoial  layer,  arise  (fig,  135,  e).  In  the  upper  part  of  the  oesophagus 
these  last  are  very  similar  to  those  of  the  pharynx,  but  are  less  uniform 
near  t^e  middle.  Here  the  capillaiies  form  flatter  arches,  with  their  con- 
vexities towards  the  surface,  from  which  two  to  five  short  loojvlike  pro- 
cessei  arifie.  In  the  lower  parts  of  the  oesophagus  the  simple  loops  are 
agaift  found ;  they  become  more  vertical,  their  height  gradually  increasing 


Digitized  by 


Google 


402  BLOODVESSELS  OF  THE   ALIMENTAEY  CANAL. 

towards  the  stomach,  so  that  near  the  cardiac  orifice  they  attain  a  consider- 
able size.  At  the  point  where  the  mucous  membrane  of  the  stomach  com- 
mences they  suddenly  cease  with  a  dentated  border.  The  venous  trunks  of 
the  superficial  regions  of  the  mucous  membrane  accompany  the  correspond- 
ing arteries  throughout  their  whole  course. 

Muscular  Coat  op  the  Alimentary  Canal. 

Tlie  layers  of  smooth  muscular  tissue  investing  the  alimentary  canal 
from  the  cesophagus  to  the  rectum,  possess  a  vascular  system  proper  and 
peculiar  to  themselves.  The  larger  vessels  reach  them  by  two  routes :  on 
the  one  hand,  bi*anche8  are  given  off  from  the  vessels  supplying  the  intestine, 
which  penetrate  the  muscular  tunic,  and  run  for  some  distance  between  the 
longitudinal  and  transverse  layers,  to  both  of  which  their  branches  are  dis- 
tributed. On  the  other  hand  numerous  vessels  from  the  submucous  plexus 
turn  outward  to  the  internal  muscular  layer,  and  penetrate  the  interspaces 
of  its  constituent  elements.  In  the  musculature  of  the  stomach,  which  does 
not  present  quite  such  a  regular  arrangement,  the  larger  bloodvessels  never- 
theless likewise  run  between  the  several  layers  and  fasciculi. 

The  ultimate  arterial  and  venous  branches  run  transversely  to  the  direc- 
tion of  the  longitudinal  muscular  fibres,  and  give  off  numerous  long  capil- 
laries at  right  angles,  having  a  diameter  of  0'007  of  a  millimetre  ;  these, 
frequently  branching  dichotomously,  run  parallel  to  the  muscular  fascicidi, 
and  communicate  from  time  to  time  by  short  transverse  branches.  A  very 
regular  capillaiy  system  with  elongated  rectangular  meshes  is  thus  formed. 
If  the  muscles  contract,  the  capillaries  are  thrown  into  curves,  so  tliat  their 
chai-acteristic  appearance  is  essentially  altered. 

The  vascular  plexus  of  the  muscularis  mucosa  exhibits  a  similar  arrange- 
ment ;  but,  on  account  of  the  smaller  thickness  of  the  musculai*  layer,  appeal's 
to  have  very  large  meshes. 

Mucous  Membrane  op  the  Stomach. 

The  bloodvessels  of  the  stomach  enter  it  at  the  attachment  of  the  peri- 
toneal layers  ;  each  artery,  accompanied  by  its  corresponding  vein,  perfor- 
ating the  muscular  tunic  to  i*each  the  submucous  tissue,  in  which  they  run  for 
a  variable  distance,  constantly  giving  off  brandies,  or  dividing  dichotomously; 
the  terminal  bi*anches  of  adjoining  arterial  trunks  form  fiequent  anasto- 
moses. The  smallest  arteries  traverse  the  muscularis  mucos»  to  reach  the 
glandular  layer,  and  divide  into  arcades  of  fine  vessels,  having  an  average 
diameter  of  0'005  of  a  millimetre,  which,  winding  spirally  round  the 
several  gland  tubes  (fig.  136),  give  origin  to  new  arches,  that  do  not, 
however,  diminish  in  size.  Every  gland  tube  is  thus  surrounded  by  a 
system  of  capillary  arches,  which  extends  nearly  to  the  surface  of  the  mem- 
brane. At  the  same  time  it  must  not  be  supposed  that  each  follicle  pos- 
sesses its  own  independent  capillary  system ;  for,  in  point  of  hjct,  the  capil- 
lary arches  surrounding  one  freely  communicate  with  those  of  the  adjoining 
follicles.  The  rootlets  of  the  veins  commence  near  the  orifices  of  the  glands, 
in  the  form  of  thick  arches,  which  run  sinuously  towards  the  surfiAoe,  and 
there  \mite  to  form  smaller  tnmks.  Several  such  trunks  convex^  under 
the  surface  of  the  membrane  to  form  a  larger  vein,  whidi  then  descends  ver- 
tically through  the  glandular  layer.  These  vertical  veins  enter  at  right 
angles  into  a  wide  polygonal-meshed  venous  plexus,  which  lies  above  the  ter- 
minal expansion  of  the  arteries,  situated  between  the  muscularis- muoo8»  and 
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the  glandular  layer  throiigh  the  whole  extent  of  the  mucous  membrane  of 
the  stomach.  Inasmuch  as  this  plexus  is  exclusively  composed  of  tubes  of 
larger  calibre,  and  is  also  exclusively  fed  by  the  above-described  veins,  it 
can  be  distinguished  with  remarkable  facility  when  seen  from, the  surface, 
as  in  fig.  137,  from  the  arborescent  terminal  expansion  of  the  arteries. 
From  this  venous  plexus  larger  vessels  take  origin,  which  perforate  the 
musoularis  mucosas,  join  the  arteries,  and  accompanied  by  them,  traverse  the 
submucous  tissue,  where  they  unite  with  othei*s  to  foim  strong  vessels  that 
perforate  the  muscular  tunic  of  the  stomach. 

Fig.  196. 


Fig.  186.  Yessels  of  the  walls  of  the  stomach,  as  seen  on  tmnsTerse  section. 
Mucous  Membrane  of  the  Intestine. 

With  the  exception  of  the  large  intestine,  the  arrangement  of  the  blood- 
vessels of  the  mucous  membrane  throughout  the  whole  extent  of  the  ali- 
mentary canal  is  essentially  similar,  being  modified  only  by  the  number  and 
size  of  the  villi,  the  distribution  of  the  glandular  follicles,  Peyer's  patches, 
etc.  The  arteries  reaching  the  intestine  between  the  layers  of  the  mesentery 
perforate  its  muscular  coat  with  the  accompanying  veins,  and  run  in  the 
submucous  tissue  chiefly  at  right  angles  to  the  axis  of  the  tube.  They  com- 
municate with  each  other  by  longitudinal  and  oblique  branches,  and  form  a 
wido-meshed  plexus.     The  venous  trunks  accompanying  them  likewise  form 

Fig.  137. 


Fig.  137.  VaBcolar  plexas  of  the  stomach,  seon  from  the  surface. 

a  plexus,  which  may  be  distinguished  from  that  of  the  arteries  by  the  more 
frequent  anastomoses  and  the  larger  size  of  the  vessels.     If  the  intestine  of 
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the  mature  foetus  of  the  rabbit  after  injection  be  divided  along  the  attach- 
ment of  the  mesentery,  and  the  flat  suiface  examined,  this  vascular  network 
appears  in  the  form  of  extremely  delicate  arcades,  which,  commencing  at  the 
attachment  of  the  mesentery,  extend  on  either  side  about  one-third  around 
the  whole  circumfeivnce  of  the  intestine.  Beyond  this  point  the  arteries 
and  veins  pursue  a  separate  course. 

The  numerous  branches  proceeding  from  the  submucous  arterial  expan- 
sion divide,  after  they  have  traverscMl  the  muscularis  muoo8»,  and  have 
reached  the  glandular  layer  of  the  lieberkiihnian  follicles,  into  capillary 
arches,  which  coil  spirally  around  the  glandular  tubes,  are  about  0*007  of  a 
millimetre  broad,  and  extend  to  the  sui-face  of  the  mucous  membrane, 
whence  branches  jmss  off  to  the  villi.  Other  arterial  twigs  ascend  without 
branching  between  the  gland  tubes  to  supply  the  villL 

There  are  no  proper  veins  formed  from  the  capillaries  surrounding. the 
tubular  glands,  but  the  vessels  collectively  transmit  blood  into  the  capillaries 
of  the  villi.  We  must  therefore  regard  the  capillaries  of  the  intestinal  mu- 
cous membrane  and  of  the  villi  as  forming  a  common  system,  except  that  the 
latter  receive  special  accessory  arterial  branches.     The  capillary  system  of 


Fig.  138.  Vascular  plexus  of  the  intestinal  muoous  membtane,  seen  in  transrene 

section. 

the  villi  lies  close  to  the  siu'flBwre,  being  separated  from  the  epitheliiim  by 
only  a  delicate  homogeneous  layer,  and  is  tolerably  close  (fig.  138).  It  con- 
sists essentially  of  tubes,  averaging  0*009  of  a  millimetre  in  diameter,  which 
pursue  a  slightly  tortuous  course  in  the  long  axis  of  the  villi,  and  communi- 
cate by  numerous  transvei*se  tubules. 

The  arterial  twigs  above  alluded  to,  arising  directly  from  the  vascular 
plexus  of  the  mucous  membrane,  run  singly  or  several  in  number  to  the  villi, 
in  which,  after  a  short  course,  they  break  up  into  capillaries,  and  their  ter- 
minal branches,  after  forming  loops,  may  frequently  be  seen  to  enter  the 
venous  radi<des.  The  relative  numerical  proportion  of  the  longitudinal  and 
transverse  capillary  branches  of  the  villi  varies  considerably  in  the  intestines 
of  different  suljjects,  sometimes  one  and  sometimes  the  other  prepondemting. 
The  arrangdment  of  the  capillaty  plexus  is  also  modified  by  the  form  of  tha 
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▼illL  In  those  that  have  a  fiat  conical  shape,  as  iu  the  duodenum,  the 
transverse  branches  are  usnallj  smaller  in  number,  whilst  in  cylindrical  villi- 
the  longitudinally  running  vessels  are  less  developed,  and  the  transverse 
branches  are  consequently  more  numerous.  In  strongly  contracted  villi  the 
capillary  plexus  appears  closer,  and  the  vessels  more  tortuous.  The  plexus 
is  usually  also  more  close  near  the  apices  of  the  villi.  By  the  union  of  sev- 
eral arches  of  capillary  vessels  the  venous  radicles  here  originate,  and, 
speedily  coalescing^  form  a  venous  trunk  of  considerable  size,  which  descends 
verticaliy  through  the  villus,  and  joins  with  the  veins  of  neighbouring  villi. 

In  their  further  course  the  veins  thus  formed  descend  through  the  glandu- 
lar layer  without  receiving  any  other  branches  or  forming  anastomoses,  and 
finally  terminate  by  entering  the  venous  plexus  lying  subjacent  tx>  that  layer. 
Where  the  villi  are  absent,  as  in  tiie  large  intestine,  the  transition  of  l^e 
capillary  plexus  into  the  veins  occurs  in  a  precisely  similar  manner  at  the 
free  margin  of  the  folds  which  the  mucous  membrane  forms  around  the 
o[»eDittg  of  the  tubular  glands.  The  arrangement  of  the  venous  expansion 
beneath  the  Lieberkiihnian  glandular  layer  diifers  essentially  from  the  arte- 
riaL  Whilst  the  arteries  break  up  in  an  arborescent  manner  into  fine 
meandering  branches,  the  veins  are  formed  from  the  large  venous  trunks 
that  descend  from  the  villL  The  venous  plexus  of  the  intestine  is  distin- 
guished from  the  analogous  one  of  the  stomach  by  the  more  sharply  defined 
limitation  of  the  territory  belonging  to  the  several  venous  trunks,  and  by 
the  more  sparing  occurrence  of  anastomoses. 

In  the  large  intestine  the  arrangement  of  the  bloodvessels  is  similar  to 
that  of  the  stomach,  with  the  exception  that  the  capillary  system  surround- 
ing the  glandular  layer  is  not  so  much  ramified,  so  that  in  many  parts  only 
straight  and  but  little  branched  tubules  are  found  between  the  glands  from 
whieh  the  close  superficial  vBnous  plexus  proceeds.  The  trunks  collecting 
the  blood  from  these  extend  downwards  thi*ough  the  glandular  layer,  and 
discharge  themselves,  like  those  of  the  stomach,  into  a  wide-meshed  plexus 
of  large  veins  in  the  deepest  layers  of  the  mucous  membrane. 

Solitary  Gland  Follicles  and  Feyer^s  Patches. 

These  obtain  their  vascular  supply  from  the  submucous  plexus  of  the  in- 
testine. The  arterioles  destined  for  Ihe/oUides  proceed  in  part  directly  from 
the  branches  of  the  submucous  plexus,-  and  are  partly  branches  of  those 
trunks  which  break  up  into  capillaries  for  the  layer  of  tubular  glands. 
The  former  chiefly  run  towards  the  base,  the  latter  to  the  lateral  surfaces  of 
the  follicles.  The  capillary  system  (fig.  139)  consists  of  a  plexus  of  vessels 
having  a  diameter  of  about  0'008  of  a  millimetre,  with  rounded  polygonal 
meshes,  which  invests  the  whole  surface  of  the  follicle.  From  this  plexus 
numerous  fine  capillary  branches  of  0*004 — 0*006  of  a  millimetre  in  diameter 
pass  radially  into  the  interior  of  the  follicle.  Near  the  centre  they  form 
communicating  aixshes,  not,  however,  with  much  regularity,  since  it  fre- 
quently happens  that  three  or  more  join  to  form  one.  Moreover,  some  few 
anastomosing  bi*aaches  run  directly  across  to  the  opposite  side.  It  thus  oc- 
curs that  in  the  centre  of  the  follicles  a  non-vasculai'  space  frequently  remains, 
which,  however,  is  not  larger  than  such  as  may  be  found  between  the  capil- 
laries in  the  periphery.  One  or  more  of  these  communicating  capillary 
branches  also  frequently  extend  straight  through  the  middle  of  the  follicle.* 

•  For  further  information  the  reader  is  referred  to  F.  Brast,  Ueber  die  Aiwrdnung 
dtr  Blutgefdme  in  den  DarmMuten^  ^^  On  the  Arrangement  of  the  Yeasels  in  the  Walls 
of  the  Intestine.**  Zurich,  1861.  Hia,  in  the  ZdUehriftfur  wis9en»chaftUche  Zoohgie^ 
Band  zl,  p.  416.     Frey,  in  idam^  Band  xiii.,  p.  28. 
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BLOODVESSELS   OF   THE   ALIMENTARY   CANAL. 


The  veins  oiiginate  in  the  superficial  plexus,  especially  from  that  situated 
at  the  base  of  the  follicle,  form  short  trunks  which  pursue  a  tortuous  course, 
and  partly  coalesce  with  the  veins  of  the  villi,  and  partly  open  directly  into 
a  branch  of  the  venous  plexus  lying  upon  the  muscularis  mucosa, 

Fig.  139. 


Fig.  139.  Vascular  plexus  of  an  intestinal  follicle,  seen  in  vertical  section. 

The  bloodvessels  of  Peyer^spatcJies  present  a  similar  arrangement  to  those 
of  the  follicles.  The  plexus  lying  siibjacent  to  them  is  characterized  by  its 
richness ;  the  larger  trunks,  both  arterial  and  venous,  completely  surround  the 
margin  of  the  groups  of  follicles,  and  send  numerous  branches  beneath  the 
follicles.  The  venous  plexus  is  especially  distinguished  from  that  of  the 
other  parts  of  the  intestinal  mucous  membrane  by  the  circumstance  that, 
besides  the  vertically  descending  veins  of  the  villi,  numerous  smaller  and 
larger  branches  proceeding  from  the  follicles  unite  at  moi'e  or  less  oblique 
angles  to  form  larger  ti'unks,  and  thus  cause  a  considerable  alteration  in  the 
otherwise  characteristic  appeamnce  of  this  plexus. 


Digitized  by 


Google 


CHAPTER  XVIII. 

TIIK    LIVER. 

By  EWALD  HERING. 

professor  op  physiology  in  the  joseph  academy  op  vienna. 

The  liver,  unlike  other  glands,  elaborates  its  secretion  not  out  of  arterial 
blood,  but  fi*om  the  venous  blood  of  the  vena  porta.  The  veiy  lichly  de- 
veloped capillary  network,  into  whi(?h  the  vena  porta  pours  its  contents, 
not  only  constitutes  the  starting-point  of  the  hepatic  vein,  but  also  receives 
the  blood  from  the  hepatic  artery,  after  it  has  flowed  through  a  peculiar 
system  of  capillaries  destined  for  the  nutrition  of  vessels,  gall-ducts,  and 
nerves.  The  secreting  cells  of  the  liver  are  arranged  in  s\ich  a  manner  as  to 
bring  them  into  a  much  more  intimate  and  extensive  contact  with  the  capil- 
laries than  is  the  case  in  other  glands.  Moreover,  the  number  of  the  canals 
into  which  these  cells  pour  their  secretion  is  much  greater  than  in  any  other 
gland  in  proportion  to  the  number  of  the  cells.  Comparative  anatomy 
shows  that  the  liver  should  be  placed  near  the  tubular  glands,  although  in 
the  liver  of  the  adult  human  being  no  tubular  structure  can  be  found,  an,d 
even  in  the  new-born  infant  it  is  barely  indicated. 

The  Lobular  Structure  of  the  Liver. — The  last  offshoots  of  the  arbo- 
rescent hepatic  vein  ai-e  small,  straight,  or  slightly  bent  vessels,  which  either 
leave  the  venous  branches  at  a  large  acute  angle  or  represent  its  forked  end. 
They  are  called  central  veins  (venre  intralobulares  s.  centrales)  because  each 
of  them  is  embedded  in  the  centre  of  the  so-called  lobule  of  the  liver  (lobulus 
8.  acinus  s.  insula  hepatis).  Upon  each  central  vein  sits  a  small  portion  of 
the  tissue  of  the  liver,  like  a  raspberry  on  its  cone-shaped  stem.  These 
lobules,  which  correspond  in  number  to  the  central  veins,  are  packed  to- 
gether so  closely  as  to  be  brought  into  immediate  contact  with  each  other ; 
which  gives  them  the  appearance  of  being  flattened  wherever  they  press  upon 
each  other.  In  the  liver  of  certain  animals,  the  Pig  for  example,  the  lobules 
can  easily  be  distinguished  with  the  naked  eye,  and  may  even  be  isolated  by 
maceration.  On  the  surface  of  the  Pig's  liver  four-,  five-,  or  six-sided  spaces 
will  be  seen,  whose  diameter  averages  1.6  millimetres.  The  lobules  of  this 
liver  are  completely  separated  from  each  other  by  septa  of  connective  tissue, 
which,  in  the  outermost  layer  of  the  liver,  are  placed  at  right  angles  to  its 
surface  and  give  to  the  latter  the  aforementioned  polygonal  markings.  In 
the  human  liver  these  septa  of  connective  tissue  are  only  very  incompletely 
developed,  so  that  thi'oughoutthe  gi'eaterpart  of  its  surface  the  substance  of 
one  lobule  passes  continuously  into  that  of  its  neighbor. 

The  poi-tal  vein,  which  carries  blood  from  the  abdominal  viscera  to  the 
liver,  sends  its  branches  throughout  the  latter  organ  in  company  with  the 
hepatic  duct  (ductus  hepaticus),  the  hepatic  artery,  and  the  hepatic  nerves. 
All  these  canals  are  bound  together  and  surrounded  by  fibrous  connective 
tissue,  which,  under  the  title  of  Olissou's  capsule  (capsula  GlLssonii),  also 
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gives  shelter  to  the  internal  lymphatics  of  the  liver.  In  the  pig's  liver  the 
edges  of  the  oblong,  irregularly  polyhedi*al  lobules  are  blunt ;  hence,  when 
the  edges  of  three  or  four  lobiiles  come  together,  there  will  be  left  an  inter- 
mediate canal  (canalis  interlobularis),  into  which  small  branches  of  the 
above-mentioned  vessels  push  their  way,  while  the  connective  tissue  which 
surrounded  them  passes  on  continuously  into  that  composing  the  septa  of  the 
lobules.  The  course  of  the  small  branches  of  the  portal  vein  depends  on  the 
sha{>e  of  the  lobules,  inasmuch  as  they  run  between  the  edges  of  the  latter — 
that  is  to  say,  in  the  intermediate  canals — and  send  their  terminal  branches 
into  the  septa  of  the  lobules.  From  the  fact  that  the  small  branches  of  the 
poi*tal  vein  are  situated  only  between  tlie  lobules,  and  at  no  point  enter 
within  them,  they  are  called  inter-mediate  veins  (venae  interlobulares).  Now 
since  all  the  intermediate  canals  of  the  pig's  liver  contain  intermediate  veins, 
the  latter  will  in  the  main  define  the  outlines  of  the  lobules ;  then  again,  as 
the  terminal  branches  of  the  intermediate  veins  are  distributed  throughout 
the  septa,  the  surfaces  likewise  of  the  polyhediul  lobules  will  be  designated 
by  them.  At  the  same  time  the  bi*auches  of  the  port4iI  vein,  which  surround 
each  lobule  like  a  framework,  do  not  anastomose  with  each  other  at  any 
point.  Finally,  not  only  those  most  delicate  branches  of  the  portal  vein, 
which  lie  between  the  edges  of  the  lobules,  but  also  those  wluch  are  dis- 
tributed over  the  walls  of  the  septa,  send  numerous  capillaries  into  all  the 
lobules  immediately  adjoining  them.  These  capillaries,  which  are  distribu- 
ted in  the  form  of  a  network  throiighout  the  entire  substance  of  every 
lobule,  finally  pour  their  blood  into  the  central  vein. 

In  the  human  liver  the  smaller  branches  of  the  portal  vein  also  lie  in 
similar  canals  between  the  edges  of  the  lobules  and  are  surrounded  by  con- 
nective tissue,  but  the  latter  is  not  distributed  in  the  form  of  distinct  septa 
between  the  lobules,  but  sends  out  only  a  few  processes  over  the  boundary 
sur^EM^e  between  two  contiguous  lobules.  Hence  at  the  periphery  of  such  a 
boundary  surface  the  two  lobules  are  separated  by  a  little  connective  tissue — 
and  even  here  the  separation  is  only  partial ;  the  remaining  portion,  however, 
of  the  periphery  and  the  entire  central  poi-tion  of  the  boundary  siirface  is  in 
fact  only  an  imaginary  one,  for  the  masses  of  the  two  lobules  run  into  each 
other  without  any  intervening  boundary.  Into  these  incomplete  septa  of 
connective  tissue  run  the  short  terminal  branches  of  the  intennediate  veins, 
which  lie  in  the  intermediate  canals  ;  the  edges  and  surfaces  of  a  lobule  of 
the  human  liver  are  therefore  marked  out,  as  they  are  in  the  Pig's  liver,  by 
the  terminal  ramifications  of  the  branches  of  the  portal  vein,  which  approach 
the  lobule  from  vai'ious  directions,  without  however  forming  anastomoses  at 
any  part  of  its  surface.  From  these  ends  of  the  portal  vein  is  developed  the 
capillary  system  of  the  lobules  in  exactly  the  same  manner  as  in  the  Pig's 
liver,  with  this  difference,  however,  that  the  capillary  plexuses  of  two  con- 
tiguous or  adjacent  lobules  are  in  immediate  communication  with  each 
other. 

If  we  represent  to  ourselves  the  hepatic  vein  as  a  tree  with  countless 
branches,  to  whose  last  twigs — the  central  veins — the  lobules  of  the  liver 
are  attached  like  oblong  berries,  we  can  then  also  imagine  the  portal  vein 
as  the  ti-unk  of  another  tree,  entering  the  liver  from  the  opposite  direction, 
and  sending  its  branches  between  tlie  closely  packed  lobules,  as  a  tree  sends 
its  roots  into  the  clefts  and  fissures  of  a  rocky  soil. 

The  surface  of  the  liver  of  au  animal  that  is  still  alive  appears  of  a  uni- 
form reddish  brown,  and  shows  no  signs  of  its  lobulated  structui-e :  the  liver 
of  a  corpse  is  also  in  spots  uniformly  colored,  but  generally  it  has  more  or 
less  of  a  marbled  appearance,  and  seems  to  consist  of  two  difierent  substan- 
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ces,  the  one  darker,  of  a  rather  reddish  hue,  the  other  lighter  and  bordering 
more  on  the  yellow.  This  is  more  striking  on  the  under  surface  of  the  liveiv 
where  the  capsule  is  thinner,  and  on  the  surfaces  of  sections.  At  one  time 
the  darker  substance  appears  in  the  form  of  small  round  spots,  while  the 
lighter  substance  forms  a  network  in  whose  meshes  those  spots  lie;  at 
another  the  reverse  is  true — ^the  darker  substance  forms  a  network  whose 
meshes  are  filled  with  the  lighter  substance;  and  still  again,  the  darker 
substance  sometimes  appears  in  the  shape  of  convoluted  bands,  like  the  con- 
volutions of  the  brain,  the  narrow  intervening  spaces  being  filled  with  the 
lighter  substance.  The  lighter  substance  answers  to  the  peripheral,  the 
darker  to  the  central  portion  of  the  lobules,  and  the  difference  in  color  is 
due  to  the  fact  that  the  peripheral  portion  of  the  lobules  in  the  dead  body 
is  more  bloodless  than  the  central  (Kiernan),  and  that  moreover  the  pig- 
ment of  the  bile  is  deposited  by  preference  in  the  centi*al  (Theile),  while  the 
&.t  seeks  the  peripheral  portion  of  the  lobules.  On  the  surface  of  the  liver 
the  intermediate  veins  can  often  be  recognized,  even  with  the  naked  eye,  as 
small  straight  or  branching  lines,  or  as  mere  points,  in  the  midst  of  tho 
lighter  substance ;  more  rarely  the  central  veins  can  be  seen  in  the  middle 
of  the  dark  substance.  Sometimes  each  individual  lobule  can  be  recognized 
by  a  slight  elevation  or  depression,  which  can  be  smoothed  out  or  rendered 
more  prominent  by  changing  the  tension  of  the  surface,  by  means  of  pres- 
sure or  by  stretching. 

The  earlier  belief  in  the  complete  lobular  structure  of  the  liver  was  combated  by 
R  H.  Weber*  in  opposition  particularly  to  Kiernan.  f  Notwithstanding^  this,  it  is  still 
advisable  to  consider  the  human  liver,  like  that  of  the  Pig,  as  made  up  of  lobules,  for 
it  ia  only  in  this  way  that  we  can  obtain  a  correct  idea  of  the  arrangement  of  the  ter- 
minal branches  of  the  portal  vein,  and  of  the  distribution  of  the  connective  tissue. 

The  Structurk  op  the  Lobules  op  the  Liver. — The  lobules  of  the  hu- 
man liver  are  irregularly  polyhedral  and  usually  oblong  bodies,  measuring 
1  millimetre  in  their  transverse,  and  1-2  millim.  in  their  long  diameter. 
We  distinguish  in  them  a  base,  side  surfaces,  and  summit.  The  base  rests 
upon  the  wall  of  the  small  hepatic  vein  (vena  sublobularis),  from  which  the 
lobule  receives  its  central  vein  direct.  Those  lobules  whose  central  veins 
are  not  the  lateral  but  the  terminal  branches  of  the  hepatic  vein,  coalesce 
completely  with  each  other  in  the  neighborhood  of  their  bases,  so  as  to  form 
a  compound  lobule  (Theile).  It  also  frequently  happens  that  the  central 
vein  subdivides  within  the  lobule,  and  that  in  harmony  with  this  subdivi- 
sion the  latter,  while  retaining  its  single  base,  will  have  sevei*al  distinct  sum- 
mits, separated  by  shallower  or  deeper  furrows. 

In  cross-sections,  that  is,  in  such  as  traverse  the  central  vein  at  right  an- 
gles to  its  axis,  the  simple  lobules  appear  of  a  rounded  polygonal  shape.  In 
longitudinal  sections,  that  is,  in  such  as  traverse  the  central  vein  lengthwise 
or  are  parallel  to  its  axis,  the  lobules  appear  generally  of  an  oblong  shape ; 
the  compound  ones  ai-e  often  like  a  leaf  with  scalloped  edge,  and  might  be 
compared  to  an  oak  leaf  or  to  a  portion  of  one.  Wherever  a  central  vein 
has  been  cut  exactly  crosswise  or  exactly  lengthwise  its  distance  from  the 
nearest  intermediate  veins  will  be  found  to  measure  about  0.5  millim.,  that 
is,  the  semi-diameter  of  a  lobule.  Hence  the  distance  traversed  by  the  cap- 
illaries from  the  central  to  the  intermediate  veins  is  everywhere  equally 

•  Programmata  coUeeta^  Fasc.  ii  Lips.,  1851 ;  and  Mailer's  ArcMv^  Jahrgang  1843, 
B.  oOo. 
t  2%^  AnaUmy  and  Phymhgy  of  the  Liver,    Philosophical  Transactions,  1833. 
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great.  The  lobules  wbioh  lie  immediately  beneath  the  surface  of  the  liver 
form  an  exception  to  this,  for,  being  somewhat  flattened  at  their  upper  ex- 
tremity, their  central  vein  approaches  nearer  to  the  surface  (Kiernan). 

The  substance  of  a  lobule  of  the  liver  consists  essentially  of  two  elements, 
the  liver  cells  and  the  capUlaries.  In  the  same  manner  as  the  short  trunk 
of  a  tree  sends  out  branches  odl  all  sides  at  nearly  a  right  angle  to  its  axis, 
and  at  the  top  breaks  up  into  radiating  branches  like  a  pencil,  so  the  cen- 
tral vein  gives  off  niimerous  capillaiies  from  its  entire  surface.  These  latter 
seek  the  periphery  of  the  lobule  by  the  shortest  route,  and  therefore  follow 
in  the  main  a  radial  course,  but  on  the  way  they  repeatedly  make  forked 
subdivisions.  This  accounts  for  the  fact  that  these  radial  capillaries — as  I 
shall  call  them — are  placed  as  close  to  one  another  at  the  peripheral  portion 
of  the  lobule  as  at  the  central.  The  diameter  of  these  capillaries,  when  they 
are  moderately  distended,  is  about  0.01  millim.,  and  they  are  sepai-ated  from 
their  nearest  neighbors  by  a  distance  of  about  0.015  millim.  From  the  fre- 
quent intercommunication  between  these  radial  capillaiies,  through  short 
transverse  anastomoses,  there  is  formed  a  \ery  close  capillary  network  with 
long  meshes,  whose  long  axis  lies  in  the  radial  direction  (within  the  lobule), 
while  the  short  transverse  axis  corresponds  to  the  distance  between  two  ra- 
dial capillaries.  It  is  only  at  the  periphery  of  the  lobule,  where  the  latter 
conmiunicates  uninterruptedly  with  its  neighbor,  that  shorter  and  rounder 
meshes  are  foiind  in  the  place  of  the  oblong. 

A 11  the  space  which  this  omnipresent  capillary  network  does  not  occupy 
is  filled  with  liver  cells.  These  we  must  imagine  as  small  soft  balls,  which 
with  a  little  force  can  be  made  to  find  room  for  themselves  between  two 
adjacent  capillaries,  so  that  when  all  the  spaces  between  the  capillaries  are 
completely  filled  with  these  balls,  the  latter  will  not  only  become  somewhat 
flattened  by  pressure  upon  each  other,  but  they  will  also  receive  groove-like 
impressions  on  their  surfaces  from  the  capillary  tubes  with  which  they  come 
in  contact.  Or  again,  we  can  represent  to  ourselves  the  totality  of  the 
closely  packed  polyhedral  liver  cells  as  one  connected  mass  whose  continuity 
is  broken  up  by  the  many-meshed  capillary  network. 

From  what  has  been  said  above  it  follows  that  the  internal  arrangement 
of  the  lobules  will  vary  considei'ably,  according  to  the  direction  in  which  the 
section  has  been  made.  The  radial  arrangement  of  the  capillaries  and  the 
oblong  shape  of  their  meshes  can  best  be  seen  in  those  sections  which  tiu- 
verse  the  central  vein  in  its  entire  length.  This  gives  to  the  lobule  the  ap- 
pearance of  a  leaf  whose  central  rib  is  here  the  central  vein.  On  both 
sides  the  trunk  of  the  central  vein  gives  off  capillaries  which  run  like  aide 
ribs  in  a  nearly  parallel  direction  to  the  border  of  the  leaf,  and,  at  short 
intervals,  are  connected  by  transverse  anastomoses ;  while  the  end  of  the 
central  vein  breaks  up  into  a  pencil  of  radiating  capillaries.  If  the  section 
is  mad»  at  right  angles  to  the  central  vein,  then  the  latter  appears  as  a 
circular  opening,  from  which  the  capillaries  I'adiate  in  all  directions  ;  but  the 
capillary  meshes,  which  lie  in  a  radial  direction,  will  rarely  be  seen  in  their 
fiill  length,  because  the  radial  capillaries  are  usually  not  given  off  at  an 
exact  right  angle  with  the  trunk,  but  at  a  more  or  less  acute  angle.  In 
consequence  of  this  the  capillary  meshes  appear  shorter  than  they  really  are, 
for  the  section  does  not  run  exactly  parallel  with  them.  If  the  section  is 
parallel  to  the  long  axis  of  the  central  vein,  but  has  not  been  made  through 
it,  then  a  number  of  the  radial  capillaries  will  be  cut  exactly  across,  and  the 
circular  cross-sections  of  these  capillaries  will  be  seen  in  or  near  the  median 
line  of  the  section  of  the  lobule,  while  on  both  sides  of  it  and  towai-d  the 
summit  of  the  lobule  the  itidial  capillaries  will  be  cut  at  an  acute  angle  to 
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their  longitudinal  axes — the  angle  growing  more  acute  from  the  centre  toward 
the  periphery — and  the  entire  capillary  system  will  appeal*  to  have  short 
meshes.  If  the  section  has  been  made  in  a  direction  at  right  angles  to  the 
central  vein,  without  touching  it,  however,  there  will  appear  in  the  centre 
of  the  section  the  exact  cross-sections  of  the  radial  capillanes,  and  the  far- 
ther we  go  from  it  in  all  directions  the  mote  oblique  will  the  sections  of  the 
capillaries  appear,  while  at  the  periphery  they  will  be  arranged  more 
irregularly. 

From  these  simplest  examples  of  sections  it  will  be  possible  by  analogy  to 
explain  the  more  complex,  where  the  section  has  been  made  at  any  oblique 
angle  whatsoever  to  the  axis  of  the  central  vein,  and  where  the  latter  is  or 
is  not  included  in  the  section.  In  every  moderate-sized  section  of  the  liver 
there  will  be  found  examples  of  sections  running  in  the  greatest  variety  of 
directions,  for  the  axes  of  the  lobules  themselves  run  in  every  conceivable 
direction.  As  a  general  result  of  these  considerations  it  is  to  be  remarked, 
that  the  instances  where  the  radial  capillary  meshes  are  seen  in  their  entire 
length  must  be  comparatively  rare,  so  that  it  would  be  quite  easy  to  commit 
an  error  in  relation  to  the  arrangement  of  the  capillaries. 

The  arrangement  of  the  liver  cells,  inasmuch  as  it  is  determined  by  that 
of  the  capillaries,  will  likewise  differ  very  much,  according  to  the  direction 
of  the  section.  Since  it  is  possible  to  pass  from  one  radial  capillary  to  sev* 
eral  others  without  passing  through  more  than  one  liver  cell,  therefore  when 
two  such  neighboiing  capillanes  are  visible  in  the  section  throughout  their 
entire  length,  there  will  be  seen  between  them  a  single  row  of  liver  cells, 
which,  toward  the  axis  as  well  as  toward  the  periphery  of  the  lobule,  are 
either  separated  from  each  other  by  transverse  anastomoses  of  the  radial 
capillaries,  or  anastomose  themselves  with  neighboring  rows  of  cells.  The  in- 
dividual liver  cells  will  therefore  appear  as  more  or  less  regular  quadi*angles, 
and  the  boundary  line  between  any  two  of  them  will  appear  to  cross  directly 
from  one  capillary  to  the  other.  If  the  section  is  so  thick  that  cells  may  be 
found  lying  above  these  two  capillaries,  the  liver  cells  will  appear — provided, 
of  course,  the  section  is  at  the  same  time  sufficiently  transparent — as  five-  or 
six-sided  polygons,  forming  a  continuous  layer,  which  is  broken  only  by 
the  cross-sections  of  a  few  capillaries  that  come  up  from  below  to  establish  a 
communication  with  other  radial  capillaries,  originally  situated  above  the 
surface  of  the  section.  Around  the  cross-section  of  one  of  these  communicat- 
ing capillaries  lie  from  five  to  seven  liver  cells  in  a  circle.  If  the  section 
passes  through,  a  number  of  radial  capillaries  exactly  at  light  angles  to 
their  axes,  the  circular  cross-sections  of  these  will  lie  so  close  to  one  another 
that  any  two  neighboring  ones  will  be  separated  by  only  a  single  liver  cell. 
In  a  few  spots  the  short  communicating  capillaries  will  also  be  seen  crossing 
from  one  radial  capillary  to  another.  With  the  exception  of  those  cells  which 
at  the  same  time  come  in  contact  with  a  communicating  capillary,  the  liver 
cells  as  a  rule  are  in  contact  with  only  two  capillanes,  or  perhaps  one  ;  more 
rarely  with  three. 

In  addition  to  these  simplest  appearances  there  will  be  found  many  of  a 
more  complicated  nature,  according  to  the  place  where  the  section  is  made 
and  the  direction  which  it  takes.  What  has  already  been  said  will  suffice 
to  render  intelligible  why  the  liver  cells  are  found  to  be  an-anged  in  appar- 
ently so  varied  a  manner  between  the  capillaries  :  at  one  time  in  long  rows, 
which  in  some  places  communicate  with  each  other  like  a  net  and  form  long 
meshes  as  in  capillary  networks ;  at  another  time,  in  the  form  of  a  close 
network,  in  whose  small  round  meshes  lie  the  cross-sections  of  the  capillaries ; 
at  another  time  still,  like  an  epithelium  consisting  of  polygonal  cells ;  or, 
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finally,  arranged  in  some  form  which  represents  a  combination  of  two  of 
those  just  mentioned. 

In  the  investigation  of  the  minute  structure  of  the  lobules  only  those  very 
thin  sections  will  be  found  of  service  which  do  not  materially  exceed  in 
thickness  the  largest  diameter  of  a  liver  cell.  At  the  same  time  the  capil- 
laries must  be  pretty  well  distended,  either  with  blood  or  with  a  transparent, 
not  too  intensely  colored  inj  ecting  material.  Care  must  also  be  taken  in  hard- 
ening the  liver,  for  both  in  alcohol  and  in  chromic  acid  the  liver  cells  shrink, 
and  so  frequently  become  separated  either  entirely  or  in  part  fi'om  the  neigh- 
boring capillaries,  so  that  between  them  and  the  capillaries  there  will  be  left 
a  free  space.  In  the  process  of  hardening,  especially  by  means  of  chromic 
acid,  the  liver  cells  are  very  apt  to  fall  out  sdtogether  from  the  capillary 
meshes  and  even  to  become  dissolved.  This  occurrence  does  not  by  any 
means  depend  simply  on  the  concentration  of  the  hardening  reagent  and  the 
length  of  time  it  is  employed,  but  also  on  the  condition  of  the  liver  at  the 
time.  Our  examinations  being  limited  to  livers  taken  from  the  dead  body,  their 
condition  will  be  found  to  vary  to  an  extraordinary  degree,  according  to  the 
disease  which  preceded  death,  or  the  length  of  time  tiiat  elapsed  before  mak- 
ing the  autopsy.  In  the  livers  of  certain  animals,  the  Babbit  for  instance, 
these  unfavorable  effects  are  not  to  be  feared,  not  only  because  these  livers 
can  always  be  obtained  in  a  fresh  condition,  but  also  because  the  cells  of  the 
latter  do  not  easily  become  separated  from  the  capillaries.  The  structure 
of  the  Babbitts  liver,  however,  is  in  some  respects  different :  the  number  of 
the  capillaries  in  proportion  to  the  number  of  the  liver  cells  is  greater,  and 
hence  each  liver  cell  comes  in  contact  with  three  or  four  radial  capillaries. 
We  are  therefore  not  permitted  to  apply,  without  certain  limitations,  the 
appearances  of  the  Rabbit's  liver — ^which  I  have  described  more  minutely 
elsewhere  * — to  that  of  the  human  being ;  the  Dog's  liver  resembles  the 
human  liver  much  more  closely. 

The  description  given  here  of  the  stmctare  of  the  lobnlee  of  the  liver  differs  ma- 
terially from  the  descriptioQa  hitherto  given.  All  the  more  recent  investigators,  from 
E.  H.  Weber  to  Eberth,  aocept  without  a  dissenting  voice  the  existence  of  the  so-called 
Jiepatie  cords  (Leberbalken) ;  these  cords  ore  composed  of  one  or  more  rows  of  cells 
and  form  a  sort  of  network  that  intertwines  with  the  capillary  plexus.  In  the  place  of 
this  commonly  accepted  view  I  have  g^ven  my  own  individuid  interpretation,  because 
the  former  appears  to  me  to  involve  an  impossibility,  while  the  latter  has  already 
been  confirmed  by  KolHker.  If  the  liver  cells  were  really  arranged  in  the  form  of 
cords  or  tubes,  then  any  given  mesh  of  the  capillaiy  network  must  represent  the 
cross-section  of  an  hepatic  cord.  The  rows  of  cells,  however,  which  led  to  the  sap- 
position  of  hepatic  cords,  lie  parallel  to  the  capillaries,  in  the  long  radial  meshes  of 
these  latter,  and  are  nothing  more  nor  leas  than  portions  which  have  become  isolated 
from  the  main  body  of  the  mass  of  liver  cells  by  the  section.  If  we  imagine  a  large 
number  of  piles  driven  into  the  earth  so  closely  togrether  as  to  be  separated  from  each 
other  by  only  a  distance  equal  to  their  own  diameter,  and  imagine  them  at  the  same 
time  to  be  connected  togfether  by  a  few  short  transverse  beams,  we  shall  then  easily 
understand  how,  if  all  the  intervening  spaces  of  this  framework  be  filled  with  any 
substance  whatever,  this  will  never  assume  the  shape  of  a  second  framework  inter- 
locking with  the  first,  but  will  simply  represent  a  continuous  mass  that  is  traversed  by 
anastomosing  passages. 

In  Birds,  Fishes,  and  Amphibia  there  exist,  as  I  have  shown  f  and  as  Eberth  %  has 
also  found  independently  of  this,  two  interlocking  networks.  In  the  Snake^s  liver,  for 
example,  the  liver  cells  are  arranged  like  the  epithelium  cells  of  a  tubular  gland  (see 
fig.  140).  In  the  circular  section  of  such  a  tube  of  hepatic  cells,  the  latter  are  seen  to 
the  number  of  five  or  six,  surrounding  a  small  round  opening— the  cross-section  ol  the 

♦  SiUatigsbeiHcht  der  Wiener  Akadetme  der  Wmemchaften,     Dec.  6,  1830. 

{Sltzuiigsberkht  dsr  Wiener  Akad^mie  der  Wissenach.    ^hlsLj  11,  1866. 
Medicin,   CerUralblaU,  D&iember,  1866,  and  Virchow's -drcAip,  1867,  Bd.  39,  S.  70, 
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lumen  of  the  gland-duct.  GapiUaries  as  well  afr  glandular  tubes  fonn  networks  with 
small  round  meshes  ;  each  mesh  of  the  capillaiy  network  encloses  the  cross-section  of 
an  hepatic  tube,  and  each  mesh  of  the  network  of  hepatic  tubes  surrounds  the  cross- 
section  of  a  capillary.     According  to  Yon  Biesiadecki  *  the  human  liver  is  similarly 

Fig.  140, 


Fig.  140.  From  an  injected  Snake^s  liver.  In  the  axis  of  the  cords  or  tabes  com- 
posed of  liver  cells  run  the  dark  threads  of  the  material  injected  into  the  ductus  he- 
paticus  ;  the  empty  spaces  between  the  cells  correspond  to  Uie  blood  capillaries. 

constructed,  in  so  far  as  thehepatic  cords,  when  cut  across,  show  a  group  of  five  or 
more  cells,  in  the  centre  of  which  is  an  opening  that  answers  to  the  gaJl  duct.  I  my- 
self have  never  seen  anything  of  the  kind,  not  even  in  the  liver  of  the  new-bom  infant, 
which,  unlike  the  liver  of  the  adult,  shows  in  spots  some  resemblance  to  the  livers  of 
certain  Amj^ibia^  the  Frog,  for  example ;  this  resemblance,  however,  consists  simply  in 
this,  that  in  sections  a  round  capillary  mesh  will  frequently  be  seen  enclosing  three  or 
four  liver  cells  in  the  centre  of  which  appears  the  narrow  lumen  of  a  gall  duct. 

It  is  the  belief  of  some  investagators  that  the  cells  of  the  human  liver  are  surround' 
ed  in  rows  liy  a  structureless  membrana  propria,  and  that  the  tubules  which  are  thus 
formed — the  so-called  liver  tubules — are  connected  together  in  the  form  of  a  network. 
In  the  walls  of  these  tubules,  according  to  E.  Wa£fner,f  round  nuclei  are  found  which 
measure  ^hn  '"  hi  diameter.  In  children,  according  to  Beale,:(  the  tubules  can  easily 
be  separated  from  the  wall  of  the  capillary,  while  in  adults  it  is  either  not  practicable 
or  else  can  only  be  done  with  great  difficulty.  From  the  description  given  above  of 
the  structure  of  the  lobules  it  wiU  be  evident  that  such  a  membrana  propria  of  the  liver 
cells  oould  only  exist  as  a  covering  of  the  capillaries,  so  that  what  I  have  interpreted, 
partly  from  my  own  observations  and  partly  from  the  views  of  other  observers,  to  be 
simply  the  wall  of  the  capillary  would  in  fact  consist  of  the  latter  together  with  the 
membrane  of  the  tubules.  Frey  believes  that  thin  membrane  encloses  the  perivascu- 
lar lymph-spaces,  in  other  woids,  that  the  lymph  ia  contained  between  it  and  the 
widl  of  the  capillary. 


*  SUzungshericht  der  Wiener  Akademie  der  Wissenseh.  April  4,  1867. 
f  Wagner's  Arehw  der  HeiBeunde^  1860,  I.  Jahrgang,  S.  251,  where  also  the  entire 
biblfagfnphy  of  this  questieii  is  given. 
X  On  mne  pairUi  of  the  Anatmny  of  the  Liver.  London,  1860. 
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The  Liver  Cells. — The  glandular  cells  of  the  human  liver,  discovered  by 
Purkinje  and  Henle,  come  under  our  observation  only  in  a  dead  condition* 
By  passing  the  edge  of  a  knife  over  the  cut  surface  of  the  liver  we  can  ob- 
tain a  juice  in  which  are  suspended,  together  with  other  elements,  numerous 
liver  cells,  either  scattered  or  in  groups.  These  appear  as  round,  sometimes 
angular  bodies,  whose  diameter  (Kolliker)  averages  from  0.018  to  0.026  mil- 
lim.,  and  which  consist  of  a  colorless,  finely  granular,  and  apparently  mem- 
braneless  mass.  In  this  are  to  be  seen,  though  often  not  without  difficulty, 
one  or  rarely  two  spherical  or  ellipsoidal  nuclei  whose  diameter  varies  from 
0.006  to  0.009  millim.  (Kolliker).  The  body  of  the  cell  also  fr^uently  con- 
tains small  granules  or  groups  of  granules  of  a  yellow  or  brownish  material 
(gall  pigment),  and  larger  or  smaller  strongly  refractive  globules  (fat).  If 
they  are  small  several  of  these  gloubles  will  usually  be  found  in  a  single 
cell,  but  sometimes  the  cell  contains  only  one  large  globule,  which  is  sur- 
rounded by  a  thin  layer  of  cell-substance.  Such  cells  frequently  attain  an 
abnormally  large  size. 

Cells  taken  from  hardened  livers  appear  as  polyhedra  of  the  most  variable 
shapes ;  often  with  prominent  peaked  angles,  their  edges  or  their  sur&ces — 
when  seen  in  profile — appearing  at  one  time  sharply  and  darkly  outlined,  at 
another  irregular,  indistinct,  and  as  if  torn.  The  cell  body  is  darkly  gran- 
ulated ;  the  nucleus  has  a  sharp  outline  which  is  often  double. 

So  long  as  the  cells  remain  in  situ,  they  appear  to  be  separated  from  each 
other  by  a  delicate  boundary  line  ;  instead  of  this,  however,  there  is  often 
seen  a  fissure — a  sign  of  commencing  dissolution.  At  times  the  cells  are 
intimately  united  with  the  wall  of  the  capillary,  though  usually  the  two 
are  separated  by  an  intervening  space.  From  these  appearances  it  cannot 
yet  be  decided  whether  the  liver  cell  ia  covered  on  all  or  only  on  certain 
sides  with  a  membrane  or  hardened  boundary  layer,  and  also  whether  two 
contiguous  cells  are  separated  by  a  simple  septum  or  by  a  glue-substance  ; 
and  this  is  all  the  more  difficult  from  the  fsuct  that  the  livers  of  certain  an- 
imals possess  a  very  different  aiTangement.  Thus  for  example  the  cells  of 
the  hardened  Babbitts  liver  can  only  be  loosened  with  great  difficulty  from  the 
capillaries,  and  the  cracks  and  fissures,  which  so  often  appear  in  the  livers 
of  Man  and  many  animals,  are  not  to  be  found  between  Uie  cells  of  the  Bab- 
bit's liver. 

Besides  the  forms  already  described,  liver  cells  are  often  found  of  a  very 
different  shape ;  like  scales,  for  instance,  that  are  piled  up  on  the  capillaries, 
or  like  spindles  of  greater  or  less  length,  etc.  etc.-— ooncerning  which  anomalies 
nothing  more  definite  can  be  mentioned  here.  Inasmuch  as  the  living  liver 
cell  consists  of  a  semi-fluid  mass,  it  can  be  made  artificially  to  as.sume  the 
greatest  variety  of  shapes,  which  it  will  then  retain  after  it  has  become  stiff 
or  has  been  hardened. 

The  Gall  Ducts  of  the  Lobules  of  the  Liver. — ^The  intralobular  (those 
running  inside  of  the  lobules)  gall  ducts  of  the  human  liver,  termed  also 
gall  capillaries,  have  never  yet  been  described ;  I  must  therefore  limit  my- 
self on  this  point  to  a  statement  of  my  own  observations.  These,  however, 
only  possess  value  when  compared  with  what  is  already  known  concerning 
ihe  intralobular  gall  ducts  of  the  Mammalian  liver. 

In  Manmials  the  injected  gall  ducts  (figs.  141,  142)  form  a  small-meshed 
network  of  delicate,  mostly  cylindrical  canals  of  from  0.001  to  0.002  millim. 
in  diameter,  which  run  between  the  liver  cells  and  enclose  polygonal  meshes, 
whose  diameter  equals  that  of  a  liver  cell.  The  course  which  these  ottnala 
almost  always  follow  is,  not  along  the  borders,  but  between  the  boundary  sur- 
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faiceR  of  two  contiguous  cells,  dividing  them  (the  surfaces)  at  one  time  into 
equal,  at  another  into  unequal  halves.  In  certain  animals,  the  Rabbit,  for  in- 
stance, this  is  almost  exclusively  the  case,  while  in  others,  as  for  example 
the  Bog,  it  happens  in  at  least  the  majority  of  instances.  But  whenever  the 
canals  lie  between  the  edges  of  several  adjoining  liver  cells,  it  will  be  found 
that  these  edges  do  not  in  any  way  come  in  contact  with  a  blood  capillary, 
eiiher  at  their  ends  or  throughout  their  length.  No  gall  duct  can  be  found, 
therefore,  which  is  not  8epai*ated  from  the  blood-vessels  by  intervening  cell- 
Bubetanoe.  On  the  other  hand,  of  the  few  cell  edges  which  do  not  at  some 
point  come  in  contact  with  a  blood-vessel,  every  one,  with  but  rare  excep- 
tions, rests  against  a  gall  duct,  and  every  boundary  surface  between  two  liver 
cells  either  carries  in  its  median  line  a  gall  duct,  or  at  least  touches  one 
with  one  of  its  sides.  Whenever,  therefore,  in  a  well-injected  lobule  the 
boundary  surface  of  two  liver  cells  is  seen  in  profile,  that  is  to  say,  as  a 
straight  line,  there  will  also  be  seen,  with  but  rare  exceptions,  the  cross- 
section  of  a  gall  duct,  which  will  appear  like  a  circular  or  oblong  spot  lying 
within  that  line,  or,  more  rarely,  at  one  end  of  it ;  or  it  may  even  appear, 
according  to  the  position  of  the  microscope,  as  a  narrow  staff,  running  par- 
allel to  that  line,  either  by  the  side  of,  under^  or  over  it. 


Fig.  141. 


Fig  142. 


Figs.  141  and  142.  From  an  injected  Rabbit's  liver.  The  naixow  retioalated  gall 
capillaries  are  shaded  with  longitudiual  lines,  while  the  much  broader  blood  capil- 
laries are  marked  crosswiBe.  Within  the  line  of  separation  (septum)  between  two 
contigaons  liver  ceDs  a  dark  spot  may  be  seen,  representing  the  cross-section  of  a  gall 
eapilliury  ;  in  each  liver  oell,  moreover,  there  may  be  seen  either  one  or  two  nuclei. 

If  it  be  remembered  now  in  what  manner  the  liver  cells  are  arranged 
between  the  capillaries,  it  will  be  easily  understood  how  in  thin  sections,  if 
only  a  single  row  of  cells  is  visible  between  two  radial  capillaries,  the  gall 
ducts  must  appear,  either  as  croes-sections,  located  within  those  transverse 
lines  which  mn  from  one  capillary  to  another  and  represent  the  profile  views 
of  boundary  surfaces,  or  they  must  appear,  when  seen  from  the  side,  as 
ducts,  more  or  less  ^mshortened,  that  run  between  the  capillaries  and  are 
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nearly  parallel  to  them.  If  ia  thin  sections,  however,  the  liver  cells  appear 
in  the  form  of  an  epithelium,  then  the  gall  ducts  will  be  seen  as  a  network 
with  polygonal  meshes,  each  one  of  which  encloses  a  liver  cell.  (Fig.  141.) 
If  in  a  thin  section  the  divided  ends  of  the  radial  capillaries  are  seen,  then 
the  gall  ducts  will  either  appear  as  cross-sections— in  which  case  they  will 
be  seen  either  in  the  course  of  those  lines  which,  as  profile  views  of  the 
boundary  surfaces  of  the  cells,  run  from  one  capiUary  to  another,  or  more 
rarely  at  those  points  where  the  boundary  lines  of  several  cells  meet — or  in 
the  form  of  a  network,  and  then  every  cross-section  of  a  capillary  will  lie 
within  a  mesh  of  this  net.     (Fig.  142.) 

This  description  is  given  from  injected  preparations.  In  the  human  liver, 
which  at  the  very  earliest  can  be  exumined  only  a  few  hours  after  death,  the 
gall  ducts  of  the  lobules  cannot  be  injected,  owing  to  the  rigidity  which  by 
that  time  will  already  have  taken  place  in  the  liver  cells.  Nevertheless, 
they  can  be  distinguished  with  a  very  strong  magnifying  j>ower  even  when 
uninjected,  and  from  such  observations  it  has  been  ascertained  that  their 
arrangement  is  the  samer  as  in  Mammals.  After  I  had  given  an  elaborate 
description  of  the  gall  passages  of  the  JEtabbit^s  liver,  the  description  was 
accepted  as  applicable  also  to  the  human  liver,  whereas  in  point  of  &ct  it 
does  not  entirely  hold  good  for  the  latter.  In  this  respect  the  human  liver 
can  with  much  greater  propriety  be  compared  to  the  liver  of  the  Dog,  which 
differs  in  several  respects — as  I  showed  at  the  time — from  the  flabbit's  liver. 
In  the  Dog's  liver  by  far  the  greater  number  of  interlobular  gall  ducts  run 
in  the  boundary  surfaces  of  the  liver  cells  ;  yet  at  the  same  time — ^a  thing 
of  rare  occurrence  in  the  Rabbit's  liver — gall  ducts  are  found  lying  where 
three,  or,  in  extremely  rare  cases,  four  liver  cells  come  together  with  their 
edges.  This  corresponds  to  the  arrangement  that  exists  in  the  human  liver 
cells,  but  differs  from  that  of  the  Babbit's  liver. 

In  very  thin  sections  of  a  hardened  human  liver  there  inay  be  seen,  \mder 
favorable  circumstances,  a  small,  slit-shaped  opening  in  the  centre  of  the 
boundary  line  between  two  liver  cells.  The  boundary  line  subdivides  in  the 
middle  into  two  branches,  which  immediately  unite  again,  and  thus  enclose 
the  opening.  Sometimes  this  opening  is  of  an  oval  shape,  or  even  circular. 
It  is  frequently  possible  to  convince  ourselves  that  this  opening  is  the  cross- 
section  of  a  canal,  for  its  outline  can  be  followed  to  some  depth  by  changing 
the  focus  of  the  microscope.  Moreover,  where  three  cells  come  together 
with  their  edges,  the  openings  alluded  to  will  appear  either  round,  or,  more 
commonly,  triangular.  In  regard  to  the  latter,  however,  it  is  impossible  to 
decide  with  complete  surety  whether  they  are  not,  perhaps,  simply  spaces 
that  have  been  created  by  the  retraction  of  the  edges  of  the  cells — an  oc- 
currence of  very  great  frequency.  In  fig.  143  are  repi-esented  some  cross- 
sections  like  these  of  gall  ducts  from  the  liver  of  a  suckUng ;  in  very  yoimg 
children  it  is  quite  easy  to  demonstrate  them. 

In  many  human  livers  the  gall  ducts  of  the  lobules  may  be  followed  with' 
the  same  precision  and  completeness  aa  in  the  best  injected  liver  of  a  Mam- 
mal. It  occasionally  happens  that  tlie  finely  granular  yellow  coloring 
material  of  the  liver  cell  is  deposited  exclusively  in  the  immediate  neigh- 
borhood of  the  gall  ducts,  while  all  the  remaining  mass  of  the  cell  is  ^ree 
from  it.  In  that  case  the  cross-sectionB  of  ail  the  gall  dnots  will  be  sur- 
rounded by  a  yellow  halo,  which  conveys  the  impression  that  the  cell  sub^ 
stance  surrounding  the  gall  duct  must  have  imbibed  gall. 

In  such  livers  it  can  be  shown  that,  in  by  &r  the  greater  number  of 
instances,  the  gall  duots  xua  in  the  boundary  snrfaoea,  and  only  rarely 
between  the  edges  of  the  cells.     If  the  liver  celk  appear  to  be  arranged 
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like  an  epithelium,  the  gall  ducts  will  then  be  seen  in  the  form  of  a  network 
with  pentagonal  or  hexagonal  meshes,  each  one  of  which  encloses  a  liver 
cell ;  in  a  word,  the  same  appearances  will  be  found  again  here  which  have 
already  been  described  above  concerning  the  Mammalian  liver. 


Fig.  143.  From  the  liyer  of  a  three  months  old  child,  hardened  in  chromic  acid. 
The  edng^le-nuoleated  liyer  cells  are  separated  from  the  wall  of  the  capillary  by  a 
narrow  intervening  space.  The  capillaries  are  filled  with  closely-packed  colored  blood- 
corpuscles  together  with  a  few  colorless  ones.  A  few  elongated  nuclei  of  the  walls 
of  the  capillaries  are  also  visible.  Within  the  boundary  line  (septum)  separating  any 
two  contiguous  liver  cells  a  smiUl  clear  opening  may  be  seen,  representing  the  cross- 
section  of  a  gall  capillary ;  a  similar  opening  may  also  be  seen  at  the  point  where 
three  liver  ceUs  come  together  with  their  angles  (edges). 

The  gall  ducts  of  the  human  liver,  like  those  of  the  Rabbit,  possess  no 
membrana  propiia  to  separate  them  from  the  liver  cells,  but  come  in  direct 
contact  with  the  latter ;  and  the  layer  immediately  covering  the  galj  duct — 
in  case  its  isolation  should  ever  be  effected — may  be  designated  as  a  thick- 
ened boundary  layer  of  the  cell  substance,  or  as  the  cell  membrane,  or  cuti- 
cula — all  of  which  come  to  the  same  thing. 

The  intralobular  gall  ducts  can  easily  be  injected  in  the  Eabbit  by  inject- 
ing Berlin  blue  dissolved  in  water  into  the  ductus  choledochus  under  a 
pressure  of  quicksilver  of  from  twenty  to  thirty  millimetres  (MacGillavry), 
but  care  must  be  taken  to  bleed  the  animal  to  death,  and  to  let  the  blood 
escape  from  the  liver  by  making  an  opening  in  the  lower  vena  cava.  In 
other  animals  I  have  never  yet  succeeded  in  obtaining  an  injection  that 
passed  completely  through  the  entire  lobule.  In  the  case  of  livers  that  are 
difficult  to  inject,  the  method  of  Chrzonszczewsky  *  will  be  found  admirably 
adapted  to  the  purpose ;  it  consists  in  repeatedly  injecting  indigo  carmine 
into  the  blood  of  the  living  animal,  whereby  the  gall  ducts  become  filled 
with  the  coloring  material. 


27 


•  Virohow's  Archiv,  1866,  Bd.  35,  S.  153. 
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The  true  key  to  an  understanding  of  the  course  pursued  by  the  intralobular  gall 
ducts  lies,  as  I  have  already  shown,  in  the  fact  that  the  ducts  do  not  as  a  rule  run 
along  the  edges  but  in  the  boundary  walls  of  the  liyer  cells.  Inasmuch  as  my  state- 
ments relative  to  this  point  have  been  verified  already  by  Kolliker,*  and  in  part  also 
by  Eberth,f  I  have  made  them  the  basis  of  the  above  description.  By  the  method  of 
direct  injection  the  gall  ducts  of  the  lobules  were  first  incompletely  injected  by  Ger- 
lach  i  in  the  Hog's  liver,  and  then  more  completely  injected  in  the  Sheep's  liver  by 
Budge.  §  The  latter  interpreted  them  not  as  intercellular  passages,  but  as  tubes  pro- 
vided with  a  nucleated  membrana  propria,  on  whose  external  surface  the  liver  cells 
lay.  MacGillaviy  adopted  this  view  except  as  regards  the  existence  of  the  nuclei, 
and  represented  the  gall  ducts  of  the  lobules  as  a  ''  capillaiy  network,'*  with  its  own 
special  walls,  and  so  intermingled  with  the  network  of  capillary  blood-vessels  ' '  that 
it  was  simply  a  matter  of  chance  whether  the  tubes  of  the  two  systems  touched  each 
other,  intertwined,  or  ran  independently  of  each  other. '*  Chrzonszczewsky,  Frey,  and 
Irminger  also  share  this  view.  According,  however,  to  Andrejevic,)  the  intra- 
lobular gall  ducts  of  the  Babbit  *4ie  on  the  edges,  while  their  points  of  bifurcation 
occur  at  the  angles  of  the  liver  oells,  so  that  their  position  corresponds  exactly  to  that 
of  the  intercellular  ducts  of  the  parenchyma  of  a  plant.'*  Although  Eberth  has  veri- 
fied my  view  that  the  gaU  ducts  run  in  tiie  boundary  surfaces  of  the  liver  cells,  yet  he 
gives  an  entirely  different  interpretation  from  mine  to  the  whole  structure  of  the 
Mammalian  liver.  According  to  him  the  ducts,  in  imperfectly  injected  livers  of 
Mammals,  '*"  run  in  the  axis  of  the  anastomosing  cords  of  liver  cells  and  communi- 
cate with  each  other,  but  the  side  branches  are  either  not  at  all,  or  only  incompletely 
injected."  The  distance  betweeu  these  central  gall  tubules,  that  run  aJong  the  edges 
of  the  cells,  and  the  blood-vessels  is  equal  to  the  diameter  of  a  liver  cell ;  ''  the  side 
branches  may  either  run  between  the  edges  of  several  contiguous  liver  cells  or 
between  the  side  surfaces  of  two  opposite  cells,' '  and  some  of  them,  he  says,  end 
blind.  He  also  gives  two  drawings  of  the  Babbit's  liver,  which  answer  to  this  descrip- 
tion. Neither  the  description,  however,  nor  the  drawings  seem  to  me  to  be  suitable, 
for  they  both  apply  much  more  accurately  to  the  liver  of  Amphibia  than  to  that  of 
the  Rabbit.  It  is  only  in  the  newborn  human  ofbpring  that  I  have  hitherto  met  with 
anything  similar.  Blind  terminations  of  gall  ducts  I  have  never  yet  seen  in  com- 
pletely injected  lobules  of  the  Rabbit's  liver.  Biesiadecki  gives  the  same  description 
as  Eberth  of  the  intralobular  gall  ducts  of  the  human  being,  only  he  locates  them,  as 
a  rule,  in  the  axis  of  the  liver  cords,  where,  in  cross-sections  of  the  latter,  the  duct 
usually  appears,  as  we  have  already  mentioned,  in  the  form  of  a  circular  opening  sur- 
rounded by  five  cells. 

In  gall  ducts  that  have  been  injected  with  nitrate  of  silver  and  gelatine  Eberth 
has  seen  a  delicate  doubly  outlined  membrane,  and  gfives  to  it  the  name  of  membrana 
propria,  by  which  is  usually  understood  a  membrane  that  surrounds  glandular  epi- 
thelium externally — a  basement  membrane,  but  not  a  cuticular  formation  like  that, 
for' instance,  which  is  found  in  the  cylindrical  epithelium  of  the  intestinal  canal. 
While  protesting  against  a  membrane  ajialogous  in  character  to  the  wall  of  the  blood 
capillaries — as  the  above  investigators  would  make  it  out  to  be — I  have  nothing  to  say 
against  a  wall  composed  of  the  limiting  membranes  of  the  liver  ceUs,  although,  in 
common  with  Eberth,  I  have  never  suci^eded  in  isolating  them,  as  MacGillaviy  and 
Ghrzonszczewsky  have  done. 

KoUiker's  latest  description  corresponds  in  all  material  points  with  that  g^ven  by 
me,  and  besides  he  has  added  this  fact,  that  under  certain  circumstances  the  intra- 
lobular gall  ducts  of  the  rabbit  can  be  seen  in  cross-section  even  in  nninjeoted  livers. 
He  also  expresses  the  hope  that  in  a  similar  manner  some  one  may  suooeed  in  seeing 
the  gall  ducts  of  the  human  liver. 

The  Principal  Gall  Ducts. — The  branching  of  the  tnmk  of  the  gall 
ducts  occurs  at  the  same  time  and  in  the  same  locality  with  the  portal  vein 
and  hepatic  artery,  so  that,  in  cross-sections  of  the  branches  of  the  portal 
vein,  there  will  always  be  found  the  cross-sections  of  one  or  more  gall  ducts. 


•  Ilandbuch  d&r  Qmebdekre,  V.  Aufloge,  1867. 

t  L.  c.  and  Schultze's  Arclm  f.  mikros  Anatomie,  HL  Bd. ,  S.  423. 

t  Oeioebdehre,  II.  Auflage,  1854.  S.  332. 

I  Reichert  und  DuBois-Reymond,  Archiv  f.  Anat.  u,  Physiol. ,  Jahigang 

I  SUeungsberieht  der  Wienei'  Akademie  der  Wi9sen9eh.y  1861,  Bd.  43,  1  Abtheil. 
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From  these  principal  branches  are  given  off  finally  the  most  delicate  gall 
ducts  which  lie  between  the  lobules.  But  there  exist  also  collateral  branch- 
es which  are  characterized,  like  the  branches  of  the  hepatic  artery,  by  the 
formation  of  anastomoses.  Already  before  entering  the  substance  proper  of 
the  liver  the  hepatic  duct  and  its  principal  branches  give  off  superficial 
twigs,  which  break  up  into  a  network  of  anastomosing  branches  in  the  con- 
nective tissue  that  fills  up  the  furrows  of  the  liver.  Connected  with  this 
network  by  anastomosis  art*  other  networks,  which  are  located  in  Glisson's 
capside,  in  the  immediate  vicinity  of  the  principal  gall  ducts  and  branches 
of  the  portal  vein,  and  communicate  with  the  former.  From  all  these  net- 
works twigs  are  sent  into  the  parenchyma  of  the  liver  (Beale,  Henle),  where 
they  finally  break  up  into  interlobular  ducts.  In  various  parts,  moreover, 
of  the  surface  of  the  liver  there  will  be  found  gall  ducts  that  send  off  branches 
into  the  neighboring  connective  tissue,  where  they  also  form  anastomoses ; 
in  this  way  a  few  gall  ducts  find  their  way  to  the  ligamentum  triangulare 
sinistrum,  and  even  to  the  diaphragm. 

The  principal  gall  ducts,  down  to  those  which  measure  0.25  millim.  in  di- 
ameter, are  provided  with  small  simple  or  compound  glands,  which,  accord- 
ing to  Riess*  and  Kolliker,  are  embedded  in  the  walls  of  the  ducts.  They 
consist  of  roimd  or  oblong  vesicles,  from  i'.035  to  0.045  millim.  in  diameter, 
which  either  open  directly  into  the  gall  duct,  or  several  of  them  pour  their 
contents  into  a  single  canal ;  this  in  its  turn  either  opens  directly  into  a 
gall  duct,  or  unites  with  another  similar  canal  to  form  a  common  outlet 
duct — an  arrangement  which  gives  to  the  whole  gland  the  appearance  of  a 
cluster  of  grapes.  This  outlet  duct  often  runs  for  quite  a  distance  within 
the  wall  of  the  gall  duct  before  opening  into  the  calibre  of  the  latter. 

In  the  walls  of  the  main  trunk  and  larger  branches  there  can  be  distin- 
guished an  inner  layer  or  mucous  membrane  from  an  outer  or  fibrous  coat. 
The  latter  contains  smooth  muscular  fibres  (Henle)  and  a  few  blood-vessels, 
while  the  inner  coat  is  lined  with  a  single  layer  of  tall  cylindrical  epithelium 
cells,  and  is  provided  with  a  very  close  network  of  capillaries.  .  The  me- 
dium-sized ducts  possess  a  lower  epithelium,  and  their  walls  consist  only 
of  a  single  layer,  which,  according  to  Heidenhain,f  also  contains  contractile 
fibre  cells.  The  smallest  gall  ducts  are  distinguished  only  by  their  epithe- 
lium, which  seems  to  lie  free  in  the  interlobular  connective  tissue,  and  con- 
sists of  polyhedral  cells  that  are  frequently  somewhat  drawn  out  in  the  di- 
rection of  the  axis  of  the  duct.  The  cuticula  of  the  larger  ducts,  which 
consists  of  the  transparent  cell  covers  (Zelldeckeln)  of  the  cyUndiical  epithe- 
lium, is  also  continued  on — though  constantly  becoming  thinner — over  the 
lower  cells  of  the  smaller  ducts,  and  gives  to  the  lumen  of  the  latter  a 
peculiarly  sharp  outline  (Eberth).  The  shape  of  the  nuclei  of  the  epithe- 
lium cells  varies  according  to  the  shape  of  the  cells  themselves :  they  are  of 
an  oblong  oval  shape  in  the  cylindrical  cells  of  the  larger  ducts,  round  in 
the  low  epithelium  cells  of  the  smaller  ducts,  and  oval  in  the  smallest 
ducts,  where  the  cells  are  somewhat  drawn  out  in  the  direction  of  the  axis 
of  the  duct. 

In  the  free  surface  of  the  mucous  membrane  of  the  hepatic  duct  may  be 
seen  numerous  shallow  excavations,  arranged  without  any  degree  of  regula- 
rity. Similar  excavations  are  to  be  found  in  all  its  branches,  from  the  lar- 
gest down  to  those  which  measure  0.5  millim.  in  diameter,  only  here  they 
are  arranged  in  two  opposite  rows  along  the  course  of  the  tube.     These  ex. 

**  Beichert  and  Dabois'  Arckh,  1868,  S.  473. 

f  Studien  des  phynohgischm  IrutititU  zu  Breikm,  lY.  Heft,  S.  241. 
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cavations  correspond  to  the  openings  of  the  lateral  gall  ducts,  or  to  the  lar- 
ger outlet  passages  of  the  glands ;  the  small  punctate  pores,  which  are  situ- 
ated in  or  between  the  excavations,  lead  to  the  glands  of  the  gall  ducts. 

The  glands  of  the  gall  ducts  possess  no  specific  epithelium,  but,  like  the 
ducts  themselves  into  which  they  empty,  they  are  lined  with  a  cylindrical 
epithelium,  and  may  therefore  be  considered  as  simple  diverticula  of  the  in- 
ternal surface  of  the  ducts,  especially  since,  in  those  ducts  that  measure  but 
0.2  millim.  in  diameter,  they  actually  appear  in  the  form  of  small  and  some- 
times very  shallow  depressions. 

The  finest  gall  ducts,  which  approach  the  same  lobule  of  the  liver  from 
difiFerent  sides,  do  not  anastomose  with  one  another ;  those,  however,  which 
accompany  the  same  intermediate  vein  would  seem  occasionally  to  form  an- 
astomoses around  it ;  but  this  point  requires  further  investigation.  These 
ducts  pass  on  into  the  intralobular  gall  ducts,  or  gall  capillaries,  without  any 
material  diminution  in  theii*  calibre.  The  liver  cells  come  in  immediate  con- 
tact with  the  last  epithelium  cells  of  the  ducts,  and  only  occasionally  do 
these  epithelium  cells  seem  to  be  somewhat  enlarged  at  the  spot  where  the 
one  passes  into  the  other.  It  often  happens  that,  while  the  calibre  of  the 
gall  duct  is  still  bounded  on  one  side  by  small  epithelium  cells,  on  the  other 
side  the  large  liver  cells  will  already  be  visible.  In  fig.  144  there  are  repre- 
sentations of  two  spots  in  the  periphery  of  a  lobule  of  the  liver,  which  show 
the  transition  from  epithelium  to  liver  cells.  The  liver  was  taken  from  a 
child  three  months  old.  In  the  injected  livers  of  animals  analogous  appear- 
ances can  be  obtained,  and  at  the  same  time  the  delicate  thread,  composed 
of  the  injected  material,  can  be  seen  emerging  from  the  epithelium-lineil 
duct  between  the  liver  cells. 


Fig.  144. 


Fig.  144.  From  the  liver  of  a  three  months  old  child,  hardened  in  chromic  acid. 
Both  drawings  represent  fragments  of  a  section  made  through  the  periphery  of  a  lo- 
bule of  the  liver.  The  colored  blood  corpuscles  of  the  blood-vessels  will  be  recog- 
nised by  their  circular  outlines,  v.  p,  corresponds  to  an  intermediate  vein  in  whose 
immediate  neighborhood  lie  the  epithelium  cells  of  gall  ducts ;  these  cells  are  unin- 
terruptedly continuous  with  the  much  larger  liver  cella 

The  absence  of  intervening  elements  between  the  small  epithelium  cells 
and  the  large  liver  cells  has  been  one  of  the  chief  reasons  why  the  transition 
fi*om  gall  ducts  to  gall  capillaries  has  for  so  long  a  time  remained  an  obscure 
point.  This  transition  consists  simply  in  this,  that  the  epithelium  of  the 
gall  ducts  suddenly  changes  its  shape,  while  at  the  same  time  the  calibre  of 
the  duct  becomes  only  a  trifle  smaller. 

In  thin  sections  it  is  easy  to  demonstrate,  under  the  microscope,  the  gall 
ducts  and  their  epithelium.     To  see  the  branching  of  the  gall  ducts  and 
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their  networks,  they  must  be  injected  with  a  colored  material :  it  must  be 
remembered,  however,  that,  in  a  liver  taken  from  a  dead  body,  the  epithe- 
lium is  very  easily  destroyed  by  the  injection.  The  glands  of  the  gall  ducts 
can  best  be  examined  under  the  microscope  after  the  ducts  themselves  have 
been  injected  with  feebly  colored  gelatine. 

The  gall  bladder  is  lined  with  a  mucous  membrane,  which  is  thrown  into 
numerous  intercrossing  ridges  and  a  few  low  conical  eminences.  It  is  pro- 
vided with  a  very  close  capillary  network,  like  that  of  the  intestinal 
mucous  membrane  with  its  villi,  and  is  lined  with  an  epithelium  of  very  tall 
cylindrical  cells,  which  can*y  on  their  free  surface  a  thickened  striated  rim, 
similar  to  that  which  is  seen  in  the  cylindrical  cells  of  the  intestinal  mucous 
membrane  (Yirchow*).  The  layer  of  interlacing  bands  of  smooth  musc^lar 
fibres,  which  is  ti-aversed  by  bundles  of  connective  tissue  and  by  broad- 
meshed  capillaries,  is  described  by  Henle  as  a  part  of  the  mucous  mem- 
brane. On  the  outer  side  of  this  follows  still  another  layer  of  connective 
tissue,  and  then  comes  finally  the  peritoneum  on  the  free  surface  of  th6  gall 
bladder.  The  larger  vessels  of  the  gall  bladder,  and  especially  the  veins, 
are  very  numerous.  With  every  artery  there  are  two  accompanying  veins 
(Beale),  and  every  two  such  parallel  veins  are  united  by  numerous  anasto- 
moses which  bridge  over  the  intervening  artery ;  this  gives  to  the  whole 
venous  system  a  strong  resemblance  to  lymph  vessels.  On  the  free  sur&ce 
of  the  gall  bladder  there  are  found  numerous  large  subserous  lymph  vessels ; 
fine  lymph  vessels  have  not  been  demonstrated  either  here  or  in  any  of  the 
other  layers  of  the  bladder.  According  to  Luschka,f  the  wall  of  the  bladder 
contains  a  few  small  mucous  glands,  like  those  of  the  ductus  cysticus, 
choledochus,  and  hepaticus.  The  ductus  cysticus,  in  conformity  with  the 
structure  of  its  walls,  should  be  considered  as  a  continuation  of  the  gall 
bladder. 

£l  H.  Weber  described  the  net-shaped,  anastomosing  gall  ducts  in  the  fossa  trans- 
veisa  as  vasa  abemmtia,  becauBe  he  interpreted  them  as  ducts  of  a  corresponding 
portion  of  liver  parenchyma  which  had  failed  to  reach  its  full  development.  He  gave 
the  same  interpretation  to  the  other  ducts  whioh  are  to  be  found  outside  of  the  liver 
sabstanoe  proper.  Theile^  however^  in  consequence  of  his  discovery  of  the  glands 
of  the  gaU  ducts,  interpreted  the  whole  mass  of  ducts,  that  occur  in  the  transverse 
furrow,  as  net-shaped  anastomosing  mucous  glands,  and  applied  the  same  interpreta- 
tion also  to  the  network  of  gall  ducts  in  Glisson's  capsule.  Those  gall  ducts, 
however,  which  are  to  be  found  in  the  ligamentum  triangfulare  sinistrum  (Ferrein, 
Eieman),  in  the  connective  tissue  membrane  which  sometimes  bridges  over  the  vena 
cava  and  serves  to  bind  SpigeFs  lobule  to  the  right  lobule  of  the  liver  (Kieman, 
TheUe),  in  the  fossa  pro  vena  umbilicali  (Eieman,  Weber),  and  along  the  border  of 
the  gall  bladder,  Theile  considers  as  gall  ducts  which  have  lost  their  appropriate 
lobiUes  through  atrophy  of  the  same.  That  this  view  is  justifiable  in  relation  to  a 
portion  of  the  ducts  may  be  inferred  from  the  fact  that  in  old  men  the  sharp  edge  of 
the  liver  becomes  converted  through  atrophy  into  a  mass  of  connective  tissue,  in 
which  are  found  numerous  gaU  ducts,  but  no  longer  any  liver  cells ;  this  view  is  also 
corroborated  by  the  fact  that  a  similar  condition  of  things  may  be  seen  in  the  so- 
called  contracted  livers,  in  the  spot  where  the  pressure  of  the  contracting  band  has 
produced  a  callous  furrow  along  the  surface  of  the  liver. 

At  a  later  date  the  glands  and  networks  of  the  gall  ducts  were  described  by  Wedl  § 
and  Beale.  though  not  so  thoroughly  as  it  has  been  done  recently  by  Henle  |  and 
Biess ;  the  last-named  writer  lays  g^reat  stress  on  this  point :  that  the  glands,  by  being 


•  Virchow's  Archiv,  1857,  XL  Bd.,  S.574. 

+  Henle  und  PfeufPer's  ZdUehr.  f.  ration.  Medidn.  1858,  IV.  Bd.,  S.  189. 

I  Rud.  Wagner's  Handtoorterbuch  der  PhysMogie^  II.  Bd. ,  1844. 

%  Sitzunffsberieht  der  Wiener  Akad.  d,  Wissensclu,  Dec.  13,  1860,  V.  Bd.,  S.  481. 

i  Baiidbiieh  deer  AnaUmie^  II.  Bd.,  Eingeweidelehre,  1866. 
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embedded  in  the  walls  of  the  dncte,  mnst  be  looked  upon,  not  as  ^*  appendioeft  of  the 
ducts  as  a  whole,  but  only  as  appendices  of  their  calibre. '' 

The  Blood- Vessels  of  the  Liver. — The  liver  contains  two~  systems 
of  blood  capillaries,  that  of  the  vena  porta  and  that  of  the  hepatic  artery. 
The  former,  already  described  above,  is  chai-acterized  by  the  breadth  of  its 
capillaries  and  the  sraallness  of  its  meshes,  while  the  latter  possesses  narrow 
ca])illaries  and  broad  meshes ;  the  former  is  confined  to  the  inside  of  the 
lobules  of  the  liver,  while  the  latter  is  distributed  to  all  the  tissues  that  lie 
outside  of  the  lobules.  Both  are  connected  to  such  an  extent  that  the 
blood  from  that  system  of  capillaries  which  is  fed  by  the  hepatic  artery  is 
poured  in  part  directly,  in  part  indirectly,  into  the  system  which  is  fed  by 
the  vena  porta,  so  that  finally  the  centnd  veins  of  the  lobules  carry  off  not 
only  the  blood  from  the  vena  porta,  but  that  also  from  the  hepatic  artery. 

The  vena  porta  and  hepatic  artery  ramify  throughout  the  liver  in  company 
with  each  other,  but  the  hepatic  vein  subdivides  separately  from  the  other 
two ;  the  branches  of  the  vena  porta  are  surrounded  by  the  loose  connective 
tissue  of  Glisson's  capsule,  whUe  the  hepatic  veins  are  firmly  attached  to 
the  substance  proper  of  the  liver  by  a  scanty  connective  tissue.  The  inter- 
mediate and  central  veins  are  either  the  terminal  branches  of  the  vena 
porta  or  hepatic  vein,  or  they  are  the  direct  lateral  branches  of  some  of 
their  larger  trunks.  The  large  twigs,  however,  of  the  portal  and  hepatic 
veins  give  off  no  intermediate  or  central  veins  directly  to  the  lobules  which 
are  in  their  immediate  neighborhood ;  these  last  receive  their  intermediate 
and  central  veins  by  circuitous  routes  from  the  larger  vessels.  A  difference, 
therefore,  exists  here  between  the  portal  and  hepatic  veins,  inasmuch  as  the 
latter  sends  off,  even  from  its  relatively  large  branches,  central  veins  directly 
to  neighboring  lobules.  Hence,  on  the  intemal  surface  of  such  hepatic 
veins,  in  addition  to  the  larger  openings,  very  fine  pores  will  be  recognized 
which  lead  into  the  central  veins.  In  those  cases  where  small  hepatic  veins 
give  off  on  all  sides  central  veins  (venae  sublobulares),  these  latter  will  be 
found  to  enter  the  neighboring  lobules  by  way  of  their  bases ;  with  the 
larger  veins,  however,  this  is  not  often  the  case,  as  then  the  lobules  usually 
present  their  side  surfaces  or  summits  to  the  vessel. 

At  no  point  in  their  course  do  the  branches  of  the  portal  vein  anastomose 
with  one  another,  and  where  two  intermediate  veins  approach  each  other 
from  opposite  directions,  running  at  the  same  time  between  the  same  lobules, 
these  will  never  unite,  but  will  both  break  up  into  capillaries.  This  is 
equally  true  of  the  small  branches  of  the  hepatic  vein.  The  portal  vein, 
moreover,  and  the  hepatic  vein  do  not  form  a  junction  at  any  point  except 
through  the  intervention  of  their  capillaries. 

The  branches  of  the  hepatic  ai-tery  anastomose  with  each  other  and  form 
a  network  with  large  meshes,  which  in  pai-t  is  woven  round  the  vessels  that 
lie  in  Glisson^s  capsule  (rami  vasculares  ai'teriosi),  in  part  surrounds  the 
larger  veins,  and  in  part  is  distiibuted  throughout  the  external  capsule 
(rami  capsulares  arteriosi) ;  this  peculiar  distribution  must  have  an  impor- 
tant influence  on  the  mechanism  of  the  current  of  the  blood.  From  this 
arterial  network  capillaries  are  given  off  which,  in  compaiison  with  the 
capillaries  of  the  portal  vein,  are  very  narrow ;  they  form  a  network  with 
long  and  very  broad  meshes,  except  in  the  vicinity  of  the  larger  gall  ducts, 
where  the  meshes  are  quite  small.  These  capillaries  accompany  the  larger 
vessels  and  penetrate  with  Glisson's  capsule  between  the  lobules ;  they  ai-e 
also  distributed  throughout  the  external  capsule  of  the  liver.  The  blood 
from  these  capillaries  flows  partly,  as  Fen-ein  discovered,  into  small  veins — 


Digitized  by 


Google 


THE   LYMPH   VESSELS   OF   THE   LIVER.  423 

the  so-called  central  roots  of  the  portal  vein,  which  usually  accompany  an 
arterial  branch  in  pairs  (Beale),  and  pour  their  contents  into  small  branches 
of  the  portal  vein — and  partly  into  the  capillaries  of  the  portal  vein  direct, 
which  happens  wherever  the  two  capillary  networks  lie  in  close  proximity, 
as,  for  instance,  in  the  external  capsule  and  the  interlobular  connective 
tissue.  The  former  course  is  followed  in  those  places  where  rather  thick 
layers  of  connective  tissue  separate  the  two  capillary  systems,  as,  for  in- 
stance, in  the  neighborhood  of  the  larger  blood  and  gall  vessels. 

Small  branches  of  the  portal  vein  and  hepatic  artery  approach  the  external 
capsule  in  company  with  one  another,  by  way  of  the  intermediate  canals  of 
those  lobules  which  lie  nearest  the  surface  of  the  liver.  The  former  very 
soon  break  up  into  their  terminal  branches ;  they  correspond  to  the  inter- 
mediate veins,  and  supply  the  lobules  of  the  liver  with  blood  fi*om  the  side 
which  is  turned  toward  the  external  capsule.  The  latter,  on  reaching  the 
external  capsule,  at  once  break  up  into  a  number  of  branches,  which  are 
often  arranged  in  the  form  of  a  star ;  these  follow  to  a  certain  extent  a 
tortuous  course  and  unite  farther  on  with  neighboiing  branches,  thereby 
forming  a  broad-meshed  arterial  network,  which  is  connected  by  anastomosis 
with  the  arterisB  mammaria,  phrenica,  and  suprarenalis. 

The  capillary  network  of  the  lobules  of  the  liver  can  be  injected  from 
the  portal  vein,  from  the  hepatic  vein,  and  from  the  liepatic  artery ;  while 
the  capillary  network  of  the  hepatic  artery  can  only  be  injected  through  the 
latter. 

A  very  aocnrate  description  of  the  blood-yoBsels  of  the  liver  is  given  by  Theile,  who 
has  also  already  described  the  arterial  network  in  both  Glisson^s  and  the  external 
capsnle  under  the  name  of  plexns  arteriosus.  I  find,  however,  no  mention  made  by 
him  of  the  fact  that  the  larger  hepatic  veins  are  surrounded  by  an  arterial  network. 
Johann  Milller  assumed  that  there  was  a  direct  passage  between  the  delicate  arteries, 
that  penetrate  between  the  lobules,  and  the  capillary  network  of  the  portal  vein. 
Theile  found,  however,  that  these  arterial  branches,  which  accompany  the  interme- 
diate veins,  also  break  up  into  capiUaries,  a  fact  which  may  very  easily  be  demon- 
strated in  the  Hog's  liver.  Theile,  Henle,  and  Kolliker  assumed,  with  Johann  Muller, 
the  existence  of  special  rami  venosi  capsulares,  which,  like  the  above-mentioned  inner 
roots  of  the  portal  vein,  transmit  the  blood  from  the  venous  capillaries  of  the  exter- 
nal capsule  of  the  liver  to  the  branches  of  the  portal  vein. 

The  Lymph  Vesset^s  op  the  Liver. — The  Human  liver  is  very  rich  in 
lymph  vessels,  which  in  this  organ,  as  everywhere  else,  follow  the  coui*se  o. 
the  connective  tissue.  In  other  respects  also  the  lymph  vessels  of  the  liver 
are  not  to  be  distinguished  from  those  of  other  organs.  The  capillaries,  as 
well  as  the  larger  vessels,  are  constantly  forming  anastomoses  with  one 
another.  Numerous  large  trunks,  provided  with  valves,  cairy  off  the  lymph, 
partly  by  way  of  the  hilus  of  the  liver,  partly  by  way  of  the  external  capsule, 
where  they  exist  in  large  numbei-s,  especially  in  the  neighborhood  of  the 
ligamentum  suspensorium. 

The  superficial  lymph  vessels — those  situated  in  the  external  capsule — 
form  with  their  capillaries  and  finer  trunks  an  extremely  compact  network, 
whose  meshes  are  much  closer  than  those  of  the  capillary  network  formed 
by  the  breaking  up  of  the  hepatic  arteries  in  the  external  capsule.  Each  of 
these  capDlary  networks  runs  its  course  entirely  independent  of  the  other. 
The  larger  branches  usually  accompany  the  arteries,  which  lie  in  the 
external  capsule,  in  pairs,  and  eveiy  two  such  parallel  vessels  are  at  certain 
spots  united  by  transverse  bridges. 

The  deep  lymph  vessels  of  the  liver — those  which  lie  in  Glissun's  capsule — 
ai-e  likewise  very  numerous ;   they  inosculate  very  extensively  and  form  a 
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capillary  network,  whose  meshes,  however,  do  not  seem  to  be  so  small  as 
those  of  the  network  in  the  external  capsule.  Surrounding  the  transverse 
section  of  a  branch  of  the  portal  vein,  measuring  0.8  millim.  in  diameter,  I 
once  counted  about  twenty  transverse  sections  of  lymph  vessels.  The  deep 
lymph  vessels  anastomose  on  the  surface  of  the  liver  with  the  superficial, 
and  numerous  small  trunks  approach  the  external  capsule  from  below  in 
company  with  the  small  branches  of  the  portal  vein  and  capsular  branches 
of  the  hepatic  arteries. 

The  demonstration  of  the  microscopic  lymph  vessels  of  the  Human  liver 
is  a  comparatively  easy  task.  Although  they  may  be  injected  with  colored 
substances,  either  by  inserting  the  nozzle  of  the  syringe  into  the  connective 
tissue  in  any  part  of  the  liver,  or  by  injecting  the  gall  passages  fi'om  which, 
under  excessive  pressure,  the  mateiial  injected  will  easily  escape  by  extra- 
vasation, nevertheless  these  methods — which  depend  on  good  luck  for  suc- 
cess— frequently  fui*nish  indistinct  specimens.  The  injection  of  the  lym- 
phatic trunks  according  to  Teichmann's  method  will  on  the  contrary  furnish 
clear  and  trustwoiiihy  specimens.  With  the  needle  a  small  opening  should  be 
made  in  as  small  a  lymph  vessel  as  possible  either  of  the  external  capsule  or 
of  the  hilus  of  the  liver,  and  into  this  opening  a  small  canula  must  be  insert- 
ed in  such  a  manner  that  the  injecting  fluid  will  have  to  tiow  in  the  same 
direction  as  that  pursued  by  the  lymph  during  life.  After  one  or  several 
larger  lymph  trunks  have  been  filled,  they  are  to  be  closed  by  clamps  at 
their  proximal  ends ;  the  fluid  thus  dammed  up  will  then  commence  to  flow 
backwards  into  the  small  peripheral  lymph  vessels,  which  are  provided  with 
only  imperfect  valves.  In  this  way,  owing  to  the  numerous  anastomoses  be- 
tween the  lymph  vessels,  quite  large  tracts  may  be  injected,  not  only  of  the 
superficial  but  also  of  the  deeper  system  of  lymph  vessels.  When  the  long 
and  slightly  conical  canulsd  are  in  position,  I  am  not  in  the  habit  of  placing 
ligatures  around  them,  but  simply  hold  them  tightly  with  my  hand  during 
the  short  time  occupied  by  the  injection,  and  I  find  that  this  mode  of  closure 
is  amply  sufiicient ;  for  a  strong  pressure  or  one  of  long  duration  must  not 
be  used  in  the  injection  if  we  wish  to  obtain  clear  specimens.  All  other 
methods  are  far  inferior  to  this  in  point  of  trustworthiness. 

The  drawings  of  the  lymph  vessels  of  the  liver,  which  TeJchniann  has  published,  do 
not  give  an  eotirely  satisfactoiy  representation  of  these  vessels,  for  the  separate  por- 
tions of  the  network  are  very  irregularly  filled,  so  that  the  lymph  vessels  everywhere 
appear  swollen  into  knots.  A  good  injection,  made  under  moderate  piessare  and 
with  a  material  that  flows  readily,  will  display,  especially  in  the  external  capsule 
of  the  liver,  a  much  more  uniform  formation  of  the  lymph  vessela 

Kolliker  found  that  in  animals  the  hepatic  veins  were  also  surrounded  by  lymph 
vessels — a  condition  of  things  which  has  not  yet  been  proven  to  exist  in  the  Human 
liver. 

According  to  MacGillavry  the  deep  lymph  vessels  of  the  Dog's  liver  communicate 
directly  with  crevices  (spaces  not  provided  with  special  walls)  in  the  connective 
tissue  of  Glisson's  capsule.  This  investigator  injected  either  a  watery  or  a  gelatin- 
ous solution  of  Berlin  blue  into  the  large  lymph  vessels  of  the  hilus  of  the  liver  in  the 
direction  against  the  valves :  he  also  made  injections  by  thrusting  the  x>oint  of  the 
syringe  into  the  connective  tissue.  Both  methods  require  strong  pressure,  and  there- 
fore necessitate  an  enormous  dilatation  of  the  lymph  vessels,  which,  of  course,  is  fre- 
quently accompanied  by  extravasationa  Since,  moreover,  a  lymph  vessel,  especially  if 
it  has  been  distorted  by  excessive  pressure  in  the  process  of  injection,  can  be  distin- 
guished from  a  crevice  in  the  connective  tissue,  that  has  been  produced  by  extravasa- 
tion, only  by  demonstrating  the  characteristic  epithelial  markings,  I  hold  that  Mac- 
Gillavry's  view  is  not  proven  by  the  facts.  The  results  of  my  own  injections  of  the 
lymph  vessels  of  the  Human  liver,  which  were  performed  according  to  the  above-de- 
scribed methods,  also  invariably  conflicted  with  his  view. 

According  to  Biesiadecki,  aU  the  capillaries  of  a  lobule  of  the  Human  liver  float,  as 
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it  were,  in  lymph  spaces — which  in  shape  and  arrangement  are  entirely  like  the  capil- 
laries, with  the  exception  that  they  are  somewhat  broader,  so  as  to  contain  the  latter. 
Hence  the  liver  cells  must  everywhere  be  separated  from  the  capillaries  by  a  space 
that  is  filled  with  lymph.  These  so-called  perivaacular  lymph  spasea  were  first  descri- 
bed by  MacGillavry  *  in  the  Dog*s  liver :  at  a  later  period  Frey  and  Irminger  f  de- 
scribed them  in  the  livers  of  the  Rabbit  and  other  Mammalia.  According  to  a  precur- 
sory description  by  Kisselew,}  these  perivascular  lymph  spaces  in  the  liver  of  tiie  Dog 
and  Pig  possess  the  epithelium  that  is  characteristic  of  lymph  vessels,  and  are  there- 
fore perivascular  lymph  vessels.  All  the  above-named  investigators  are  agreed  that 
these  intralobular  stand  in  direct  communication  with  those  interlobular  lymph  ves- 
sels which  are  situated  in  the  connective  tissue  of  61isson*s  capsule. 

I  hold  that  the  existence  of  such  perivascular  lymph  vessels  has  not  been  fully 
proven,  although  it  is  an  easy  matter  in  the  Human  and  Dog's  liver  to  demonstrate 
perivascular  spaces,  and  although  these  can  be  to  a  limited  extent  injected.  The  cells 
of  the  Human  and  Dog's  liver,  as  I  have  already  mentioned,  easily  become  detached 
from  the  capillaries ;  this  is  especially  true  of  specimens  preserved  in  alcohol,  in 
which  fluid  not  only  the  cells  but  also  the  capillaries  become  shrunken,  so  that  riela- 
tively  broad  and  empty  spaces  are  produced  between  the  two,  which  are  clearly  of 
artificial  origin.  These  spaces  may  be  found  of  almost  any  breadth,  according  to  the 
method  of  hardening  employed.  In  the  Human  liver,  moreover,  it  must  also  be  remem- 
bered that  the  degree  of  shrinking  will  vaiy  according  to  the  nature  of  the  previous  dis- 
ease and  the  amount  of  water  it  may  have  superinduced  in  the  liver  cells.  If,  as  is  the 
case  with  the  Human  and  Dog's  liver,  the  connection  between  the  liver  cells  and  blood 
capillaries  be  rather  loose,  it  will  then  be  possible,  especially  in  disturbances  of  the 
circulation,  for  a  layer  of  fluid  to  accumulate  between  the  two,  that  wiU  still  further 
assist  the  effects  of  the  hardening  process  in  bringing  about  a  complete  separation  of 
the  cells  from  the  capillaries.  AH  this,  however,  does  not  justify  our  assuming  the 
existence  of  perivascular  lymph  vessels.  We  would  have  just  as  much  right  to  infer 
that,  because  a  certain  amount  of  fluid  lies  between  the  bundles  of  fibrillated  connec- 
tive tissue,  therefore  each  of  these  bundles  of  connective  tissue  is  contained  within  a 
lymph  vessel.  The  results  of  injections  also  prove  nothing,  for  the  so-called  perivas- 
cular lymph  vessels  may  have  been  injected  only  through  extravasation.  The  inject- 
ing material  must  of  course  force  its  way  somewhere,  it  it  be  driven  forward  with 
excessive  pressure :  and  what  is  more  natural  than  that  it  should  separate  the  loosely- 
connected  liver  ceUs  from  the  blood  capillaries  and  push  its  way  between  the  two  ? 
In  the  Rabbit  this  separation  does  not  take  place,  and  hence  it  is  that  perivascular 
lymph  vessels  cannot  be  injected  in  the  liver  of  this  animal :  under  excessive  pressure 
tiie  injecting  material  always  forces  its  way  here  into  the  blood  capillaries  and  fills 
them.  The  statement  that  in  the  Rabbit's  liver  perivascular  lymph  vessels  can  be  in- 
jected is  incorrect ;  and  in  the  circumstance,  that  no  such  spaces  can  be  demonstrated 
in  the  liver  of  this  one  animal,  I  find  a  veiy  weighty  reason  against  the  belief  that 
they  exist  in  the  livers  of  other  animals. 

The  Connective  Tissue  of  the  Liver. — The  liver  possesses  a  superficial 
and  deep  fibrillated  connective  tissue.  The  former  constitutes  the  external 
capsule  of  the  liver,  the  latter  Glisson's  capsule.  The  external  capsule  of 
the  liver  is  a  membrane  that  varies  very  much  in  thickness  in  different 
parte  of  the  surface,  although  as  a  rule  it  is  so  thin  that  the  substance  of  the 
liver  can  be  distinctly  seen  through  it.  Wherever  the  liver  is  invested  with 
the  so-called  peritoneal  covering,  it  will  be  found  possible  in  cei"tain  spote, 
especially  after  maceration,  to  separate  the  external  capsule  into  an  upper 
("serous")  and  a  lower  ("fibrous")  layer  (Theile).  The  deep  connective 
tissue  surrounds  the  larger  vessels  and  constitutes  the  incomplete  septa  of 
the  lobules.  Bundles  of  connective  tissue  do  not  enter  into  the  interior  of 
the  lobules  of  a  normal  liver,  but  a  few  scattering  fibres  of  intralobular  con- 
nective tissue  may  be  found  there ;  of  these  a  part  may  be  seen — especially 
in  the  peripheral  portion  of  the  lobule — flying  upon  the  capillaries,  while  the 

*  SUzungsberieht  der  Wiener  Akadenm  d,  Wissensch.,  April  28,  1864. 
f  ZeUsehriftfur  toiMenschaftUche  ZocHogU,  1866, 16  Bd.,  S.  208. 
%  Medicin&chea  Centrcmatt,  Feb.  20,  1869. 
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others  lie  stretched  out  in  straight  or  branching  threads  between  the  capil- 
laries, and  therefore  possess  more  or  less  the  aspect  of  reticulated  connective 
tissue.  The  nucjeated  elements,  that  are  occasionally  to  be  seen  lying  on 
the  outside  of  the  capillaries,  are  commonly  interpreted  as  connective-tissue 
corpuscles.  The  intralobular  connective  tissue  can  be  demonstrated  most 
successfully  in  livers  that  have  been  properly  hardened  in  chromic  acid.  If 
very  thin  sections  are  made  from  these,  the  liver  cells  will  be  found  to  have 
dropped  out  of  themselves  along  the  borders  and  from  the  thinnest  portions 
of  the  section,  thereby  leaving  the  capillaries  and  the  above-mentioned  fibres 
completely  isolated.  Thicker  sections  will  have  to  be  agitated  for  some  time 
in  the  hardening  fluid,  or — if  they  are  very  thick — the  cells  may  }>e  dis- 
placed by  pencilling. 

HIb  *  considers  the  extremely  fine,  striated,  or  retif orm  markings,  that  are  frequently 
seen  on  the  walls  of  well-isolated  capillaries,  as  the  adventitia  capillaris,  but  has  not 
found  any  connective  tissue  corpuscles  in  it.  He  was  also  the  first  to  caU  attention 
to  the  delicate  cords,  which  are  sometimes  seen  stretched  across  the  empty  capillary 
meshes  from  one  capiUazy  to  another,  and  axe  frequently  attached  to  the  wall  of  the 
capillary  by  a  funnel-shaped  expansion.  Henle  and  EoUiker  confirm  this  last  discovery, 
yet  the  latter  is  inclined  to  look  upon  these  small  cords  as  capillaries  which  are  in 
progress  either  of  development  or  of  atrophy.  Aooording  to  the  same  authority  there 
is  to  be  found,  in  addition  to  the  stellate  connective-tissue  corpuscles,  only  an  extremely 
small  amount  of  amorphous  connective  substance.  K  Wagner  f  was  the  first  to  note 
the  presence  of  connective-tissue  corpuscles  inside  of  the  lobules — a  fact  which  was 
afterwards  confirmed  by  Engel-Beimers,  t  KoUiker,  and  Forster.  §  Henle,  however, 
disputes  the  presence  of  the  connective-tissae  corpuscles,  but  admits  that  all  the  capil- 
laries are  accompanied  by  threads  of  connective  tissue  which  are  thick  enough  to  appear 
like  dark  granules  when  seen  in  transverse  section.  All  these  differences  of  opinion  may 
be  explained  chiefly  by  the  fact  that  it  was  not  in  all  cases  accurately  noted  whether 
the  part  under  observation  was  the  central  or  the  peripheral  portion  of  the  lobule, 
whether  the  liver  were  entirely  normal  or  not,  and  whether  it  was  fresh  or  old.  The 
spindle-shaped  liver  cells,  which  are  not  of  rare  occarrence,  may  have  been  mistaken 
at  times  for  connective-tissue  corpuscles. 

The  deep  connective  tissue  of  the  Human  liver  presents  such  variatioiis  in  its  ap- 
pearances that,  unless  a  person  has  examined  an  enormous  amount  of  material,  it 
would  be  difficult  to  determine  what  is  the  normal  condition  of  things  and  what  is  not. 
In  grown-up  Dogfs  the  following  may  be  considered  the  normal  condition  of  the  deep 
connective  tissue :  the  fibrillated  interlobular  connective  tissue  sends  only  a  few  thin 
and  but  feebly  striated  bimdles  into  the  outermost  layer  of  the  lobules.  These  bands 
at  once  break  up  into  smaller,  apparently  homogeneous  cords  which — if  the  Uver  cells 
have  already  been  removed — appear  to  be  stretched  between  the  capillaries.  These 
cords  may  also  frequently  be  found  stretched  across  the  capillary  meshes  of  almost 
any  portion  of  the  lobule.  At  one  time  we  shall  find  but  a  single  cord  stretching 
from  one  capillary  to  the  other;  at  another  time  the  cord  will  subdivide  midway, 
each  branch  of  the  fork  attaching  itself  to  the  nearest  capillary ;  then  again  several 
cords  will  start  from  the  periphery  of  a  capillary  mesh,  and,  as  they  approach  the 
centre,  they  vnll  frequently  subdivide  and  anastomose  with  one  another  so  as  to  form  in 
some  instances  a  beautiful  network  of  extremely  fine  threads,  which  resembles  in  every 
respect  reticulated  connective  tissue.  This  connective  tissue  possesses  no  nuclei.  In- 
asmuch as  not  even  a  trace  of  a  membrana  propria  is  anywhere  to  be  found  connected 
with  the  Uver  cells,  this  scanty  reticulated  connective  tissue,  together  with  the  liver 
cells  and  blood  capillaries,  are  therefore  the  only  formed  elements  clearly  proven  to 
exist  in  the  lobules. 

The  Nerves  op  the  Liver.  —The  goodly  number  of  nerves,  that  enter  the 
hilus  of  the  liver  and  follow  the  vessels  of  Glisson's  capsule  in  all  their 
ramifications,  contain  besides  the  non>medullated  fibres  only  a  few  medul- 


*  ZeUsehriftfur  wmmuichaftUahe  Zociogie,  1860,  X.  Bd.,  B.  340. 

\  OestrdcfUache  ZeitMhriftfur  prakUsehs  HaOkunde,  March  29,  1861. 

I  ExpUc.  micr.  de  teL  hipat.  eovjunct.  Berol,  1860. 

§  KoUiker,  HandbucJi  der  Qewebdehre^  Y.  Aufl.,  S.  438. 
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latedy  which  in  the  smaller  bundles  are  constantly  diminishing  in  number. 
The  finest  bundles  contain  only  non-medullated  fibres.  All  demonstrable 
nerves  lie  outside  of  the  lobules ;  on  the  inside  of  the  latter  I  have  not  been 
able  to  find  any.  Since  here — as  one  can  easily  prove  in  very  fine  sections 
of  a  hardened  liver — there  are  no  fibres  or  other  visible  elements  to  be 
seen  besides  the  liver  cells,  capillaries,  and  the  scanty  connective  tissue 
described  above,  we  must  assume  that,  if  nerve  fibres  penetrate  into  the 
interior  of  the  lobules,  they  must  be  of  extraordinary  delicacy. 

In  a  short  prelimJnaiy  communication  Pflligfer  reports  that  he  has  reached  entirely 
different  resolts  by  treatment  of  the  liver  with  perosmic  acid.  I  also  have  used  this 
reagent  considerably  but  have  not  yet  seen  anything  similar  to  what  Pfluger  describes. 
The  preceding  detoUed  description  will,  I  trust,  throw  light  on  the  cause  of  this 
ooDtiadictioD. 
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CHAPTER  XIX. 

LARYNX   AND  TRACHEA. 

By  E.  VERSON. 
A.  Larynx. 

Framework. — ^The  clianges  in  form,  which  the  modulation  of  the  voice 
requires  of  the  larynx  as  a  tone-producing  apparatus,  are  effected  exclusively 
by  the  voluntary  muscles,  for  whose  efiFectuiJ  working,  however,  firm  points 
of  support  are  needed.  These  are  afforded  by  the  cartilaginous  framework, 
whose  peculiar  shape  and  construction  render  a  variety  of  motions  possible, 
which  will  be  found  to  differ  in  the  several  classes  of  animals  according  to 
the  requirements  of  their  vocal  capacities. 

In  the  primitive  larynx  of  the  Proteus  there  is  foimd  on  both  sides  simply 
a  cartilaginous  band  ;  but  as  we  lise  through  the  higher  ranks  of  Mammals 
there  is  formed  from  this — ^according  to  Henle — ^by  scission,  transverse 
growth,  and  partly  by  resorption,  that  complicated  structure  which  in  form 
and  capacity  is  found  to  be  so  perfect  in  the  Human  being. 

While  in  the  lower  classes  of  animals  there  is  but  a  single  cartilaginous 
plate  on  either  side  of  the  larynx,  in  the  highest  Mammals  this  becomes  sub- 
divided into  seven  or  more  sepai*ate  pieces,  firmly  held  together  by  suitable 
bands.  Hence  our  description  of  the  framework  of  the  larynx  must  com- 
prise not  only  the  cartilaginous  portions  but  also  the  bands  that  connect 
them  together. 

The  cartilages  of  the  Human  larynx  belong  partly  to  the  hyaline  and  part- 
ly to  the  fibrous  variety,  and  in  youth  are  subject  to  pretty  active  nutritive 
changes,  which  are  carried  on  by  their  own  vessels  and  regulated  by  their 
own  nerves.  Thus  in  certain  spots  the  perichondrium  sends  processes  into 
the  substance  of  the  cartilage  which  consiKt  of  delicate  connective  tissue 
with  numerous  spindle-shaped  cells ;  among  these  larger  and  smaller  vessels, 
together  with  a  few  nerve  fibres,  can  be  distinctly  recognized.  In  the  adult 
Human  being  the  direct  communication  between  the  cartilages  and  the  ves- 
sels of  the  perichondrium  ceases,  or  at  lejist  becomes  very  much  restricted. 

With  advancing  age  the  hyaline  cartilages  undergo  ossification  ;  in  most 
cases  this  first  appears  after  the  fortieth  year,  although  exceptionally  it  may 
occur  much  earlier,  even  at  the  twentieth  year.  The  process  begins  with  a 
simple  deposit  of  lime  salts  in  the  basis  substance  and  spreads  with  toler- 
able uniformity  outwards  from  the  so-called  bony  nuclei.  The  limit,  how- 
ever, of  this  ossifying  region  is  not  sharply  marked.  At  first  scattering, 
punctate  deposits  take  place  in  the  basis  substance  of  the  cartilage  ;  these 
grow  constantly  thicker  and  finally  unite  with  the  uniformly  calcified  basis 
substance.  Near  the  limit  of  ossification  the  cartilage  cells  still  appear  un- 
changed, but  at  a  greater  distance  from  it,  where  the  substance  has  been 
calcified  for  a  long  time,  they  will  be  found  already  to  possess  numerous 
outrunners,  which  give  to  them  a  perfectly  stellate  shape,  and  rencler  it  im- 
possible to  distinguish  them  from  the  ordinary  bone  coi'puscles.     In  the 
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fibro-cartilage8,  as  a  rule,  ossification  does  not  take  place  even  with  advanc- 
ing age ;  the  only  exception  to  this  is  the  arytenoid  cartilage  of  the  Dog, 
which  occasionally  undergoes  ossification. 

To  the  purely  fibro-cartilages  belong  the  epiglottis,  the  cartilages  of 
Santorini  and  Wrisberg,  and  the  not  always  present  sesamoid  cartilages. 
Among  the  purely  hyaline  are  reckoned  the  thyroid  and  cricoid  cartilages 
and  the  corpusculum  triticeum,  whereas  the  arytenoid  cartilage  is  partly 
hyaline  and  partly  fibrous.  , 

The  cartilage  of  the  epiglottis  appears  to  possess  on  its  posterior  (inferior) 
surface  numerous  pits  and  holes,  which  often  pass  entirely  through  its  sub- 
stance, and  then  usually  afford  passage  to  vessels  and  smaller  nerve  trunks. 
The  shallower  pits  serve  as  a  receptacle  for  fat  cells  or  acinous  glands — 
which  last  are  only  found  on  the  posterior  surface  of  the  epiglottis.  The 
perichondrium  of  course  penetrates  into  all  the  pits  and  holes  of  the  carti- 
lage. The  epiglottis  becomes  ossified  only  in  Beptiles  and  Birds,  in  which 
animals  it  is  more  firmly  united  to  the  thyroid  cartilage. 

The  thyroid  cartilage  is  generally  hyaline  in  structure,  but  in  it  there  are 
a  few  spots  in  which  fibi-es  also  may  be  seen  between  the  cartilage  cells. 
This  is  the  case  at  the  borders  from  which  the  elastic  bands  run  to  the 
hyoid  bone  and  cricoid  cartilage ;  but  it  is  even  truer  of  the  anterior  edge 
of  the  thyroid  cartilage,  at  the  height  of  the  true  vocal  chords,  whose 
outermost  fibres  penetrate  deeply  into  the  cai-tilage  and  subdivide  it,  to  a 
certain  extent,  into  three  sections — a  median,  situated  between  the  vocal 
chords  (lamina  mediana,  Halbertsma),  and  two  lateral.  In  the  new -bom 
child  the  arrangement  is  different ;  for  while  there  is  also  here  a  subdivision 
into  three  parts,  it  simply  amounts  to  this,  that  the  closely  packed  cartilage 
cells  of  the  middle  section  terminate  on  both  sides  in  an  outwardly  concave 
line,  beyond  which  the  cells  appear  fewer  in  number,  though  larger.  An 
actual  trisection  of  the  thyroid  cartilage  occurs  only  in  Birds.  Finally,  even 
in  the  centre  of  the  substance  of  young  thyroid  cartilages,  bands  of  fibi^s 
are  sometimes  found,  either  alone  or  as  the  support  of  vessels. 

As  to  the  cartilages  of  Wrisberg ^  it  is  known  that  they  sometimes  become 
subdivided  into  three  or  more  rounded  nodules,  arranged  either  one  on  top 
of  the  other,  or  in  a  row.  At  the  same  time  the  perichondrium  of  the 
several  nodules  breaks  up  into  radiating  fibres,  which  interlace  in  different 
directions  and  so  give  .rise  to  interspaces  in  which  acinous  glands  are  em- 
bedded. 

The  Cartilago  Santorini  (comiculata)  appears  to  be  separated  from  the 
arytenoid  cartilage  only  by  a  prolongation  of  the  perichondrium,  that  difiers 
from  the  rest  of  the  perichondrium  in  being  somewhat  softer  and  containing 
a  few  scattering  cartilage  cells.  In  texture  it  usually  appears  to  be  fibrous, 
but  sometimes  a  hyaline  kernel  is  found  concealed  in  the  centre  of  the 
fibrous  sheU. 

The  actual  body  of  the  a/rytenoid  cartilage  possesses  a  purely  hyaline 
structure.  Its  peripheral  portions,  however,  are  often  fibrous  in  character, 
which  is  invariably  true  of  the  processus  voc^s  and  the  summit  of  the  pyra- 
mid. It  is  a  i-emarkable  circumstance  that  in  the  Dog  the  formation  of  car- 
tilage may  extend  from  the  arytenoid  cartilage  into  both  vocal  chords.  In 
such  cases  these  latter  contain  in  their  substance  a  lamella  of  fibro-cartilage, 
which  extends  pi-etty  far  forwards,  and  is  connected  with  the  combined  San- 
torinian,  Wrisbergian,  and  arytenoid  cartilages. 

The  different  cartilages  ai'e  bound  together  either  by  bands  or  joints, 
according  as  mobility  is  required,  either  with  a  certain  amount  of  play  or 
with  fix^  points  of  support.     The  bands  are  connected  on  all  sides  with  the 
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surrounding  tissues.  They  are  composed  chiefly  of  elastic  tissue  with  a  few 
fibres  of  connective  tissue,  and — ^in  childhood — very  numerous  spindle- 
shaped  cells.  In  the  neighborhood,  moreover,  of  their  attachment  to  the  car- 
tilages, they  generally  contain  in  their  substance  cartilage  cells,  which  grow 
more  numerous  the  nearer  we  approach  to  the  point  of  attachment,  until 
finally  they  become  merged  in  the  true  cartilage. 

Articular  connections  exist  between  the  cricoid  and  arytenoid  cartilages; 
also  between  the  cricoid  and  thyroid  cartilages. 

The  surfaces  of  the  crico-arytenoid  joint  are  hyaline,  and  are  characterised 
simply  by  a  closer  arrangement  of  the  somewhat  smaller  cartilage  cells  which 
lie  with  their  long  axes  parallel  to  the  surface  of  the  joint.  That  portion 
of  the  articular  surface  which  belongs  to  the  cricoid  cartilage  receives  from 
the  capsule,  at  the  point  where  the  latter  joins  it,  a  few  fibres;  these  radi- 
ate through  the  surface  of  the  joint,  hut  soon  become  lost  as  they  i^proach 
its  centre.  The  capsule,  on  the  other  hand,  contains  in  the  neighborhood  of 
its  attachments  cartilage  cells  which  penetrate  into  it  from  the  cartilage. 
From  behind  and  outwards  an  intermediate  piece  insinuates  itself  into  &e 
joint ;  it  starts  with  a  broad  base  from  the  capsule  and  terminates  with 
sharp  edges  in  the  midst  of  the  cavity  of  the  joint.  Its  texture  consists 
chiefly  of  a  dense  and  firm  fibrous  tissue  containing  a  few  large  cartilage 
cells,  but  is  not  covered  with  epithelium  as  is  the  rest  of  the  internal  surface 
of  the  articular  capsule. 

The  capsule  of  the  crico-thyroid  articulation  consists  principally  of  con- 
nective tissue,  which  is  continued  over  the  articular  sur&oc  of  the  cricoid 
cartilage,  traversing  it  throughout  its  entire  breadth.  Cartilage  cells  are 
scattered  throughout  the  tissue  of  the  entire  capsule.  The  bands  that  give 
strength  to  this  joint  appear  also  to  be  comparatively  poor  in  elastic  tissue. 

Soft  Parts. — The  epiglottis  is  covered  by  a  mucous  membrane  which,  at 
the  free  extremity  of  the  epiglottis,  is  very  thin  and  is  attached  to  the  peri- 
chondrium by  a  tense  and  scanty  connective  tissue.  The  mucous  membrane 
contains  numei'ous  elastic  fibres  which  run  in  a  longitudinal  direction: 
in  their  meshes  lie  numerous  round  bodies  which  possess  one  or  more  nu<dei 
each,  and  are  more  closely  packed  together  along  the  sides  of  the  vessels  of 
the  mucous  membrane  and  immediately  beneath  its  epithelium.  In  trans- 
verse sections  of  the  posterior  side  of  the  epiglottis  the  free  suHIeu^  of  the 
mucous  membrane  seems  to  be  limited  toward  the  epithelium  by  a  sharp 
straight  line,  whereas  transverse  sections  of  its  anterior  side  show  wavy 
border  outlines  with  papillas,  0.7-0.18  millim.  in  length,  that  project  into 
the  epithelium ;  the  larger  of  these  papilles  sometimes  break  up  into  two  or 
three  extremities,  each  containing  beautiful  vascular  loops.  Toward  the 
entrance  to  the  larynx  the  mucous  membrane  becomes  thicker,  and  at  the 
same  time  stands  out  in  more  decided  contrast  with  the  loose  submucous 
tissue;  from  this  point  down  it  varies  from  about  0.1-0.15  millim.  in  diam- 
eter. Only  on  the  upper  vocal  chord  is  it  sometimes  found  of  a  considera- 
ble thickness. 

The  epithelium  on  the  anterior  surface  of  the  epiglottis  consists  of  a  thick 
layer  of  pavement  cells,  measuring  0.2-0.3  millim.  in  thickness.  On  the 
posterior  surface  it  is  much  thinner,  measuring  only  0.06-0.1  millim.  in 
thickness,  and  its  deepest  layer  consists  of  delicate  cylindrical  cells, 
arranged  side  by  side,  like  a  palisade;  above  these  lie  cells  which  are  more 
rounded  or  polygonal  in  shape,  and  therefore  constitute  a  sort  of  stratum 
Malpighii  beneath  the  flattened  cells  of  the  homy  layer.  On  approaching 
the  prominence  of  the  epiglottis,  while  the  basilar  cylindrical  cells  are  con- 
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tinued  on,  the  other  layers  of  cells  above  them  gradually  diminish  in  thick- 
ness and  finally  disappear  altogether,  leaving  behind  the  basilar  cells,  which 
in  the  mean  time  have  grown  longer  and  have  become  surmounted  with  cilia, 
0.005  millim.  in  height.     Between  the  bases  of  these  ciliated  cells  numerous 

Fig.  145. 


Fig.  145.  Epithelium  of  the  posterior  surface  of  the  epiglottis,  with  one  of  the 
Irad-Uke  Btmctures.    a,  transverse  section  of  the  centnd  canal 

round  and  oval  cells  will  be  found,  and  the  new  epithelial  covering  may  now 
measure  0.15  millim.  or  more  in  height. 

The  transition  from  the  epithelial  formation  of  the  anterior  to  that  of  the 
posterior  side  of  the  epiglottis  takes  place  in  this  wise :  the  pavement 
epithelium  of  the  anterior  side  is  continued  over  the  margin  of  the  epiglot- 
tis, and  becomes  suddenly  thin  only  after  it  is  faii-ly  on  the  posteiior  side. 
In  the  new-bom  child  the  whole  posterior  side  of  the  epiglottis  is  covered 
with  a  ciliated  epithelium  of  0.08-0. 1  millim.  in  thickness. 

In  or  about  the  second  fourth  of  the  posterior  surface  of  the  epiglottis — 
that  is,  in  the  vicinity  of  where  the  epithelium  undergoes  a  transition  to 
ciliated  cells — bud-like  or,  at  times,  pyramidal  sti*uctures  may  be  seen  among 
the  epithelium  cells ;  with  their  extremities  they  reach  nearly  to  the  homy 
layer  and  send  through  it  to  the  surface  a  minute  canal,  whose  course  is 
sometimes  straight,  sometimes  in  spiral  coils.  These  elements  consist  of 
elongated  but  more  or  less  broad  epithelium  cells,  whose  somewhat  bix)ad 
bases  usually  rest  upon  the  sturface  of  the  mucous  membrane,  while  their 
pointed  extremities  are  turned  toward  the  free  surface.  These  bud-like 
structure  surround  a  canal,  which,  at  the  summit  of  the  buds,  immediately 
beneath  the  homy  layer,  becomes  very  much  thinned  and  then  terminates  in 
the  aforementioned  minute  canaL  Whether  or  not  these  elements  were  the 
outlet  ducts  of  acinous  glands,  I  was  unable  to  decide  from  the  sections. 

By  the  influence  of  certain  reagents  the  epithelium  cells  of  the  laryngeal 
mucous  membrane  become  converted  into  beaker  cells,  in  the  same  manner 
as  do  the  cells  of  other  mucous  membranes. 

The  submucous  tissue  of  the  anterior  side  of  the  epiglottis  is  more  abun- 
dant and  more  loosely  attached  than  that  of  the  posterior  side,  and  it  may 
also  as  a  rule  be  distinguished  by  the  double  course  of  its  fibres. 

Bundles  also  will  be  found  which  surround  the  cartilage  of  the  larynx  in 
a  circular  direction  chiefly;  and  between  these  are  other  fibres  that  run 
Lengthwise  toward  the  base  of  the  epiglottis,  and  gradually  exceed  the  former 
in  number. 
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From  the  point  where  the  epiglottis  becomes  merged  in  the  tongue,  a  por- 
tion of  the  longitudinal  fibres  are  distributed  to  the  latter. 

The  middle  bundles  of  these  fibres  are  purely  elastic,  and  lift  up  the  mu- 
cous membrane  into  the  Plica  glossoepiglottica ;  on  the  sides  they  again  be- 
come intermingled  with  connective-tissue  fibres  which  are  somewhat  loosely 
woven  and  frequently  spread  apart  for  the  reception  of  fat  cells.  This 
group  of  longitudinal  fibres  can  easily  be  followed  down  to  the  perichon- 
drium of  the  epiglottis,  from  which  at  the  same  height  the  ligamentum 
hyoepiglotdcum  originates ;  while  deeper  down  it  is  connected  with  the  lig. 
thyreoepiglotticum.  A  few  muscular  fibres  will  also  be  found  concealed  in 
the  deeper  tissue ;  they  belong  to  the  M.  thyreo-ary-epiglotticus,  and  run 
from  the  thyroid  cartilage  toward  the  latci'al  edges  of  the  epiglottis  or  into 
the  aryteno-epiglottidean  fold. 

On  the  lower  part  of  the  posterior  side  of  the  epiglottis  the  submucous 
tissue  becomes  looser  and  more  abundant,  so  that  the  loosely  adherent 
mucous  membrane  rises  up  like  a  knob  at  a  point  corresponding  to  the 
lower  end  of  the  cartilage.  Fat  cells  and  acinous  glands  are  found  here  in 
great  numbers.  They  are  aggregated  into  groups  of  about  1  millim.  in 
diameter,  whose  outlet  ducts  run  pretty  nearly  at  right  angles  to  the  free 
sur&.ce  of  the  mucous  membrane.  Whereas  at  the  upper  free  end  of  the 
epiglottis  acinous  glands  are  either  entirely  wanting  or  at  least  of  rare  oc- 
curence, lower  down  they  are  to  be  found  arranged  in  small  groups  on  either 
side  of  the  median  line  of  the  cartilage  and  embedded  not  infrequently  in 
the  excavations  of  its  substance.  On  approaching  the  prominence  of  the 
epiglottis  the  glandular  aggregations  become  more  numerous  and  are  larger; 
at  the  same  time  their  outlet  ducts  pursue  a  straight  course,  even  after 
piercing  the  epithelium,  whereas  higher  up  they  run  in  a  straight  direction 
only  to  the  epithelium,  where  they  bend  at  a  right  angle,  and  then,  after 
running  for  a  longer  or  shorter  distance,  again  enter  the  epithelial  layer. 
At  this  point  they  seemed  to  me — although  I  was  unable  to  prove  a  direct 
connection  between  the  two — to  pass  continuously  into  the  bud-like  ele- 
ments already  described  above. 

In  the  acinous  glands  of  the  larynx,  as  elsewhere,  there  can  be  demon- 
strated a  structureless  membi-ane  lined  with  epithelium,  whose  cells  have 
the  form  of  a  truncated  cone  and  lie  with  their  broad  bases  against  the 
membrane.  Their  outlet  ducts  are  lined  with  a  layer  of  cylindrical  cells, 
which  at  the  prominence  of  the  epiglottis  and  on  the  lower  side  of  the  false 
vocal  chords  sometimes  carry  cilia.  The  peculiarity  of  these  outlet  ducts 
is  their  great  breadth,  which  in  some  cases  may  measure  even  0.3  millim. 
It  is  not  a  rare  circumstance  to  succeed  here  in  isolating  the  structureless 
membrane  of  the  outlet  duct,  thus  enabling  one  at  the  same  time  to  see  the 
large  stellate  connective  tissue  corpuscles  which  lie  upon  and  surround  it 
.with  their  processes. 

On  the  i>oBterior  surface  of  the  Dog^s  epiglottis  the  outlet  tabes  of  the  acinous 
glands  are  sometunes  lined  with  a  double  layer  of  cuboid  cells. 

In  the  aryteno-epiglottidean  folds  the  fibres  of  the  submucous  tissue 
follow  the  direction  of  the  fold  itself,  and  at  the  same  time  surround  the 
bundles  of  the  musculus  thyreo-ary-epiglotticus.  These  muscular  fibres, 
after  bending  around  the  cart,  corniculata  of  the  same  side,  radiate  through 
these  folds  and  then,  hugging  their  outer  side,  they  partly  end  there  and 
partly  continue  on  as  far  as  to  the  lateral  margin  of  the  epiglottis,  where 
they  become  inserted  into  its  perichondrium.     These  striped  muscular  fibres 
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measure  from  0.03-0.05  millim.  in  diameter  and  terminate  in  the  following 
manner :  the  sarcolemma  becomes  diminished  to  a  mere  thread  which,  either 
with  or  without  nucleated  swellings,  becomes  lost  in  the  surrounding  con- 
nective tissue  or  among  the  fibres  of  the  perichondrium. 

Near  the  cartilaginous  nodules  of  Wrisberg  the  fibres  of  submucous 
connective  tissue  pursue  an  irregular  course ;  they  cross  and  intermingle 
with  the  fibres  that  radiate  from  the  perichondrium  of  the  cartilages  of 
Wrisberg  and  thus  form  numerous  spaces  for  the  reception  of  acinous 
glands,  which  here  seem  to  be  so  numerous  as  even  to  lift  up  the  mucous 
membrane. 

In  the  Sheep,  Pig,  Oat,  and  other  animals,  lymph  follicles  lie  embedded  in  the  fold 
of  muoouii  meiabiane  at  the  entnince  of  the  larynx. 

In  its  further  course  the  mucous  membi-ane  becomes  folded  so  as  to  form 
the  prominent  upper  (false)  vocal  chord,  which  with  its.  i-ounded  margin 
hangs  down  somewhat  loosely ;  the  mucous  membrane  then  continues  on 
downwards  to  line  the  Ventriculus  Morgagni.  When  it  folds  itself  into 
the  so-called  upper  vocal  chord,  the  mucous  membrane,  whose  tissue  is  full 
of  lymph  corpuscles,  carries  with  it  into  the  fold  a  portion  of  the  subjacent 
strongly  elastic  layer  (fibrous  membrane),  whose  fibres  run  in  a  purely 
longitudinal  direction,  so  that  the  latter  also  becomes  to  a  cei-tain  extent 
duplicated.  The  elastic  fibi-es  which  are  interwoven  with  this  layer  in 
considerable  numbers  also  pursue  a  horizontal  course ;  they  start  from  the 
ang]e  of  the  thyroid  cartilage,  and  diverge  as  they  pass  backwards,  a  portion 
of  them  terminating  in  a  sagittal  direction,  another  poi-tion  bending  round 
so  as  to  enclose  the  posterior  angle  of  Morgagni's  ventricle.  A  ligamentum 
thyreo-arytsenoideura  superius  cannot  be  demonstrated  as  a  separate  ligament. 
The  fibres  in  these  parts  do  not  seem  either  to  follow  one  pai-ticular  direc- 
tion or  to  unite  in  the  form  of  a  band  ;  and  a  section  made  at  right  angles 
to  the  upper  vocal  chord  shows  only  irregular  elastic  tiubeculse  mingled  widi 
connective  tissue.  These  trabeculse,  by  diverging  from  one  another  at  one 
moment  and  at  the  next  uniting  again,  give  rise  to  large  spaces  in  which 
heaps  of  fat  cells  and  agglomerations  of  glands  of  a  considerable  size  lie 
embedded.  A  few  bundles,  however,  pursue  their  course  upwards  as  well  as 
downwards,  and  become  directly  continuous  with  the  longitudinal  fibrous 
layer  of  the  larynx. 

In  the  Dog  the  elastic  tissue  of  the  upper  vocal  chord  is  not  infrequently  found  to 
have  become  cartilaginotiB,  the  process  having  commenced  in  the  arytenoid  cartilage 
and  spread  anteriorly  from  it.  Here,  also,  the  horizontal  direction  of  the  fibres  is 
Biach  more  plainly  marked,  and  that  bundle  of  fibres,  which  in  Man  bendr downwards 
at  the  posterior  angle  of  the  ventricle  of  Morgagni,  stands  off  here  by  itself  in  a 
prominent  position  and  is  oovered  by  a  mucous  membrane  ;  it  gives  to  the  upper  vocal 
chord  the  appearance  as  if  it  were  inserted  into  the  recess  of  the  ventricle  of  Morr 
gagni  If  tiie  above-mentioned  enchondrification  has  already  taken  place,  the  largest 
part  of  the  glands  will  be  found  lying  back  of  the  cartilage,  through  whidi  they  pour 
their  contents  into  the  ventricle. 

In  Man  a  few  smaller  bundles  of  the  musculus  thyreo-aryteenoideus  extemus  are 
sometimes  prolonged  into  the  upper  vocal  chord  and  appear  then  as  an  Independent 
muscle  (M.  Santorini). 

At  the  borders  of  the  aryteno-epiglottidean  folds,  throughout  theii*  entire 
length,  the  epithelium  consists  of  layers  of  pavement  cells  which  are  also 
continued  on  as  far  as  to  the  lower  vocal  chord  over  the  surfaces  of  the 
confronting  arytenoid  cartilages.  In  animals  the  mucous  membrane  sends 
papilliform  processes  into  the  epithelium,  while  in  Man  they  are  limited  to 
those  protuberances  of  the  mucous  membrane  which  are  caused  by  the  carU 
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corniculat^e  ;  they  measure  sometimes  0.35  millim.  in  height  and  0.1  millim. 
in  breadth.  On  the  other  hand  the  upper  vocal  cliords,  and  in  Man  also 
the  walls  of  the  Ventriculus  Morgagni,  are  covered  over  with  the  same 
ciliated  epithelium  that  was  seen  at  the  base  of  the  epiglottis.  In  the 
ventricle  the  glands  are  composed  of  much  smaller  aggregations,  all  of  which 
disembogue  with  a  special,  straight  outlet  tube,  in  exactly  the  same  manner 
as  this  occurs  in  tlie  confronting  surfaces  of  the  arytenoid  cartilages. 

While  in  the  Ventriculus  Morgagni  the  mucous  membrane  is  separated 
from  the  cartilage  by  only  a  scanty  elastic  tissue,  in  the  true  vocal  chord, 
and  especially  at  its  margin,  this  scanty  layer  becomes  strongly  reinforced 
by  a  prismatic  compact  band  (lig.  thyreo-arytsen.  inf.)  whose  principal 
bundles — arising  from  the  angle  of  the  thyroid  cartilage  beneath  its  incisure 
— run  toward  the  arytenoid  cartilage. 

The  fibres  of  this  band  seem  to  be  condensed  into  a  single  cord  only  in  its 
anterior  portion ;  posteriorly,  however,  they  subdivide  at  an  acute  angle 
into  several  bundles,  which  seek  various  points  of  insertion.  One  of  them, 
at  the  posterior  angle  of  the  ventricle,  takes  an  upwaril  coui-se  and  so  proceeds 
toward  a  portion  of  the  lig.  thyreo-arytaenoideum  sup.,  with  which  it  becomes 
interwoven.  The  second  and  strongest  bundle  breaks  up  into  tw^o  portions, 
one  of  which  inserts  itself  into  the  fibro-cartilage  of  the  processus  vocaJis, 
while  the  other  inserts  itself  higher  up  into  the  spina  inf.  of  the  arytenoid 
cartilage,  and  so  covers  the  processus  vocalis.  Finally,  a  third  bundle — ^in 
position  the  deepest — breaks  up  in  the  neighborhood  of  the  vocal  process 
into  ^\e  or  six  smaller  bands,  which  at  short  intervals  become  inserted  into 
the  median  surface  of  the  arytenoid  cartilage,  into  the  inner  side  of  the  cap- 
sule of  the  crico-arytenoid  joint,  and  even  into  the  upper  margin  of  the 
lamina  cricoidea.  They  are  separated  from  each  other  by  vei-tical  bands  of 
connective  tissue  which  start  from  the  neighborhood  of  the  cart,  comiculatje. 

All  these  elastic  bundles  become  united  anteriorly,  as  has  been  mentioned 
already,  into  a  more  compact  and  hence  smaller  cord,  which  is  prolonged  for 
quite  a  distance  into  the  very  substance  of  the  thyroid  cartilage.  The  liga- 
mentum  thyreo-arytaenoideum  inferius,  however,  immediately  after  its  egress 
from  the  thyroid  cartilage,  becomes  thickened  into  a  round  swelling,  which 
in  fine  sections  is  found  to  be  composed  of  a  dense  intermingling  of  elastic 
fibres.  In  the  new-born  child  this  thickening  is  still  more  easily  recogni- 
zable ;  here,  however,  the  chief  mass  of  it  consists  not  so  much  of  elastic 
fibres  as  of  round  and  spindle-shaped  cells,  which  are  constantly  increasing 
in  length.     A  formation  of  cartilage  I  have  never  seen  in  this  spot. 

In  the  Dog  the  ascending  bundle  of  the  lig.  thyreo-aiytsBnoideum  inferius,  like  the 
descending  bundle  in  Man,  is  especially  prominent,  so  as  even  sometimes  to  lift  np  the 
mucous  membrane.  It  must  be  mentioned  furthermore  that  the  dividing  line,  between 
the  vocal  chord  proper  and  the  musculus  thyreo-ary taenoideus  int. ,  is  much  more 
sharply  drawn  in  Mml  than  in  aninutls. 

The  prominent  margin  of  the  true  vocal  chord  in  Man  is  covered  by  a 
pavement  epithelium,  about  0.1  millim.  in  thickness,  which,  not  only  toward 
the  ventricle  of  Morgagni  but  also  toward  the  trachea,  passes  pretty  suddenly 
into  the  ordinary  ciliated  epithelium ;  whereas  posteriorly  it  is  continuous 
with  the  pavement  epithelium  covering  the  aryteno-epiglottidean  folds.  The 
pavement  epithelium  of  the  vocal  chords  is  broken  up.  moreover,  by  very 
large  papillie,  which  measure  over  0.03  millim.  in  breadth  at  the  base,  and 
penetrate  into  the  substance  of  the  epithelium  a  distance  of  0.05-0.06  millim. 

Beneath  the  glottis  the  epithelial  layer  gradually  grows  tliinner  down  to 
the  trachea,  and  the  same  is  true  of  the  mucous  membrane.     The  submu- 
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€0U8  tissue,  however,  grows  thicker  along  the  anterior  surface  of  the  larynx, 
by  offshoots  from  the  membrana  cricothyreoidea,  and  in  its  downwai*d  coui*sc 
it  gains  space  for  itself  exactly  in  proportion  as  the  prismatic  belly  of  the 
muscalus  thyreo-arytienoideus  int.  i^ecedes  from  the  mucous  membrane. 
Furthermore,  the  submucous  tissue  includes  within  its  substance  numerous 
glands  which  are  flattened  laterally  in  a  marked  degree,  owing  to  the  fact 
that  they  spread  out  more  over  the  surface  than  into  the  deeper  tissues. 
These  glands  congregate  in  greater  numbers  in  the  neighborhood  of  the  cii- 
coid  cartilage ;  this  is  particularly  the  case  in  the  posterior  portion  of  the 
larynx,  where  at  the  same  time  the  submucous  tissue  undergoes  a  coiTe- 
spondiug  enlargement. 

The  vessels  of  the  larynx  present  no  special  peculiarities.  The  larger 
branches  keep  close  to  the  cartilaginous  framework,  or  at  least  run  through 
the  deeper  portions  of  the  soft  parts.  The  smaller  branches  run  up  toward 
the  mucous  membrane,  and  there  break  up  into  a  fine  network. 

The  nerves  oflfer  equally  as  few  characteristic  features ;  their  abundance 
is  the  only  remarkable  thing  about  them.  Larger  and  smaller  trunks  can 
be  followed  as  far  as  into  the  mucous  membrane  ;  their  actual  mode  of  ter- 
mination, however,  is  not  yet  clearly  understood.  It  appears  that  the  mus- 
cular branches  of  the  Laryngeus  sup.  and  of  the  Recurrens,  just  before 
their  distiibution  among  the  muscles,  are  provided  with  numerous  ganglion 
eells.  According  to  Luschka,  the  actual  termination  of  the  nerves  takes 
place  through  the  medium  of  pear-shaped  or  oval  bodies,  0.0035  millim.  in 
breadth,  into  each  of  which  a  delicate  axis-cylinder  enters,  and  usually 
terminates  in  the  same  with  a  swollen  extremity. 

B.     Trachea. 

The  framework  of  the  trachea  is  composed  of  15-20  incomplete  cai-tila- 
ginons  rings,  which  are  open  posteriorly  and  resemble  somewhat  a  horseshoe 
in  ahape.  Variations  from  this  form  occur,  especially  at  the  upper  and 
lower  ends  of  the  trachea,  where  the  cartilaginous  rings  frequently  give  off 
bTanches,  upwards  and  downwards,  which  at  various  points  become  contin- 
uous with  the  neighboring  rings ;  under  these  circumstances  the  separation 
of  the  individual  rings  may  become  a  somewhat  diflicult  task.  » 

Between  the  open  ends  of  the  cartilaginous  rings  there  are  found  in  rare 
cajjes  a  few  cartilaginous  kernels  which  are  also  hyaline  in  structure.  These 
too  are  sometimes  found  in  animals. 

In  the  Dog,  Cat,  Sheep,  etc..  the  cartilaginotus  ringB  of  the  trachea  approach  more 
nearlr  to  a  complete  circle  than  in  Man.  In  a  condition  of  rest  they  are  so  near  to 
tadi  other  as  almost  to  touch,  and,  daring  contraction  of  the  muscular  membrane  of 
the  trachea,  they  overlap  each  other,  thei*eby  forcing  the  mucous  membrane  into  the 
lumen  of  the  trachea  in  the  form  of  a  longitudinal  fold,  8-4  lines  in  breadth. 

From  the  lower  margin  of  the  cricoid  cartilage  to  the  first  cartilaginous 
ring  of  the  trachea,  as  well  as  beyond,  between  every  two  rings  of  the 
trschea,  run  strong  bands  of  elastic  and  connective  tissue  which  bind  to- 
gether the  different  parts  of  the  framework.  From  the  lower  border  of  each 
separate  ring  a  number  of  such  banda  radiate  into  the  submucous  tissue. 

The  inside  of  the  trachea  is  lined  with  a  mucous  membrane,  0.13-0.15 
millim.  thick,  which  is  characterized  by  its  great  richness  in  networks  of 
longitudinal  elastic  fibres.  Sometimes  a  very  thin  layer  on  its  innermost 
feide  appeal's  to  be  hyaline  throughout.  Tliis  has  led  to  the  assumption  of  a 
special  basilar  membrane  on  which  lies,  finally,  an  epithelial  covering  of 
aliated  cells,  whose  height  varies  &om  0.06-0.075  miUim. 
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Like  the  mucous  membrane,  the  subjacent  submucous  tissue  likewise 
shows  a  predominance  of  longitudinal  fibres,  which  consist  of  connective  tissue 
and  contain  an  increasing  number  of  elastic  fibres  the  farther  outwards  we  go. 
In  the  posterior  portion  of  the  trachea,  which  is  free  from  cartilage,  there  is 
to  be  found  beneath  the  mucous  membrane  a  transverse  layer,  0.8-1.2 
niillim.  thick,  of  organic  muscular  fibres  which  are  stretched  out  between 
the  anterior  surfaces  of  the  ends  of  the  cartilages.  They  either  terminate — 
through  the  medium  of  their  thin,  delicate  tendons — in  the  perichondrium 
of  the  cartilaginous  rings ;  or — which  is  more  rarely  the  case — they  become 
lost  in  the  substance  of  the  mucous  membrane. 

This  layer  of  muscular  tissue  appears  to  be  broken  up  by  quite  strong  in- 
tervening bands  of  connective  tissue  into  subdivisions,  of  which  it  usually 
takes  several  to  correspond  to  a  single  cartilaginous  ring :  the  vessels  and 
nerves,  which  supply  the  mucous  membrane  from  behind,  follow  the  course 
of  these  connective-tissue  septa.  It  is  not  a  rare  circumstance,  moreover, 
to  find  still  shoi'ter  longitudinal  muscular  bundles  lying  on  the  outer  side  of 
the  muscular  layer ;  they  spring  from  and  end  in  the  septa  of  the  transverse 
layer,  and  are  inserted  into  it  like  clamps.  Finally,  on  the  outermost  side 
€omes  a  layer  of  connective  tissue  whose  fibres  run  longitudinally  (fibrous 
membrane). 

Similar  but  at  the  same  time  much  strongnr  bundles  of  mnscnlar  tissue  are  also 
found  in  the  trachea  of  the  Dog  and  Cat.  Wben  they  contract,  the  cartilaginotis  rings 
overlap  each  other  like  tiles,  so  that  in  horizontal  sections  two  consecutive  cartilagin- 
ous rings  will  be  found  in  the  same  section.  The  section  will  present  the  appearance 
of  two  concentric  cartilaginous  bands,  separated  from  each  other  by  elastic  tissue. 

In  the  same  animals,  and  also  in  the  Rabbit,  Sheep,  and  others,  the  transverse  layer 
presents  this  peculiarity:  it  extends' far  beyond  the  ends  of  the  cartilaginous  rings 
and  is  inserted  on  their  outer  surface.  It  spans  nearly  a  third  of  the  circumference 
•of  the  entire  ring,  and  can  contract  so  powerfully  as  to  cause  the  free  ends  of  the  zings 
-to  greatly  overlap  each  other,  and  even  to  become  bent  at  their  extremities. 

The  trachea  is  richly  provided  with  acinous  glands,  which  form  a  continu- 
ous layer  over  its  anterior  and  lateral  portions,  and  do  not  seem  to  lose  their 
continuity  even  where  the  cartilaginous  rings  ai*e  most  convex.  On  the  pos- 
terior surface,  where  there  is  no  cartilage,  they  are  composed  of  several 
layers ;  some  being  between  the  mucous  membrane  and  the  muscular  layer, 
others  in  the  muscular  layer  itself,  and  others  still  lying  behind  it,  so  that 
the  outlet  tubes  of  the  latter — which  nin  in  a  straight  direction  toward 
the  surface — must  traverse  the  muscular  layer. 

The  vessels  form  superficial  networks  in  the  mucous  membrane  of  the 
trachea  similar  to  those  in  the  mucous  membrane  of  the  larynx. 

The  mode  of  termination  of  the  nerves  is  not  yet  known.  In  the  posterior 
fibrous  membrane  they  present  ganglionic  swellings  of  considerable  size  and 
of  a  rounded  oblong  shape,  whose  greatest  diameter  is  parallel  to  the  long 
^xis  of  the  fibre.  Their  transverse  diameter  measures  as  much  as  (-K2  millim., 
'while  their  longitudinal  diameter  measures  two  or  three  times  as  much. 
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CHAPTER    XX. 

THE  LUNGS. 

By  FR^LlSrZ  EILHARD  SCHULZE. 

I.    Thb  Lunob  of  Mammals. 

From  the  independent  air  tube  which  enters  into  each  lung — ^bronchus — 
there  is  developed  a  system  of  smooth  and  solid-walled  tubes — bronchi — 
which  traverse  the  entire  substance  of  the  lung,  like  the  branches  of  a  tree. 
The  single  trunk  first  breaks  up  by  acute^ngled,  dichotomous  subdivision 
into  a  number  of  diverging  branches,  which,  with  each  new  subdivision,  grow 
smaller.  When  they  have  diminished  in  size  to  a  certain  calibre— in  Man 
about  4  ndllim.  in  diameter-r-they  cease  almost  entirely  to  subdivide  dicho- 
tomously  and  pursue  a  straight  course,  with  constantly  diminishing  calibre,  as 
far  as  to  the  neighborhood  of  the  surface  of  the  lung ;  at  the  same  time,  how- 
ever, they  give  off  laterally,  at  an  angle  of  45°,  in  spiral  succession,  smaller 
branches  which  likewise  pursue  a  straight  course.  Tlie  side  branches  of 
these  latter  are  given  off  in  a  similar  manner,  and  again  break  up  themselves 
into  terminal  branches  by  nearly  rectangular  dichotomous  subdivision.  For 
this  reason,  and  partly  also  because  one  of  the  branches  of  this  subdivision 
usually  runs  on  in  nearly  the  same  direction  as  its  parent  branch,  and  be- 
cause, futhermore,  the  subdivisions  follow  each  other  in  planes  which  usually 
stand  at  right  angles  to  each  other,  the  course  of  these  smallest  bronchi  is 
rendered  a  peculiarly  zigzag  one.  Finally  these  smallest  bronchi  termi- 
nate with  a  diameter  of  from  0.3  to  0.2  millim.  (the  diameter  of  the  bron- 
chi is  never  less  than  0.1  millim.  even  in  the  smallest  Mammals — the 
Mouse,  the  Bat,  etc.)  in  the  respiratory  cavities.  These  cavities  also  consist 
of  round  passages,  which,  at  a  distance  of  2-4  millim.  from  the  end  of  each 
bronchus,  break  up  by  acute-angled  dichotomous  subdivision  into  2—4  small 
terminal  branches  which  in  their  turn  have  short,  similarly  shaped  lateral 
twigs.  Both  the  terminal  branches  and  their  lateral  twigs  are  usually  funnel- 
shaped — called  infundibtUa,  on  account  of  their  comparatively  narrow  en- 
trance and  broad  ending — and  terminate  blind.*  These  passages,  however, 
do  not  like  the  bronchi  possess  uniformly  thick,  solid,  tubular  walls,  but  are 
lined  with  numerous  contiguous  alveoli,  which  consist  of  small  polyhedral 
cavities,  with  rounded  edges  and  angles,  and  open  toward  the  lumen  of  the 
passage.  These  alveoli  line  not  only  the  walls  of  the  passages  but  also  the 
lateral  and  terminal  endings — the  infundibula,  and  they  are  so  closely 
packed  together  that  the  free,  narrow  borders  of  the  alveolar  septa  constitute 
only  a  very  small  portion  of  the  lateral  boundaries  of  these  passages,  which 

*  Net-like,  open  oommmiioation  was  incorrectly  supposed  to  exist  between  neigh- 
boring'air  passages  first  by  Bourgeiy  {Gazette  den  Mpitanx,  Juillet,  1842),  and  then 
later  by  Adriaoi  {de  subtU.  structura  puimonum^  1847),  Williams  (in  Todd's  CydopadUi 
of  anat.  and  physioi.^  vol.  5),  and  others. 
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are  bounded  almost  exclusively  by  the  walls  of  the  alveoli  themselves.     For 
this  reason  I  shall  call  them  alveolar  passages.* 


Fig.    146. 


Fig.  147. 


V    d 


Fig.  146.  A  system  of  alveolar  pas- 
sages with  infundibula  from  the  border 
of  an  Ape's  lung  (Cercopithecus) ;  filled 
with  quicksilver.  Magnified  ^^ .  a,  ter- 
minal bronchial  twig ;  bb,  infundibula. 
cCj  alveolar  passages. 


Fig.  147.  Section  of  a  Cat's  lung,  filled 
with  alcohol  and  hardened  in  the  same 
fluid.  Magnified  \^  .  a,  terminal  bron- 
chial twig '  bb^  infundibula;  cc,  transverse 
sections  of  alveolar  passages;  dd^  longi- 
tudinal sections  of  alveolar  passages. 


The  lumen  of  these  passages,  so  far  as  it  is  defined  by  the  free  bordei-s  of 
the  alveolar  septa,  measures,  in  the  adult  Human  being,  0.4-0.2  millim. ;  in 
medium-sized  Mammals — the  Hog,  Dog,  and  Cat — 0.2-0.15  millim.;  in  the 
Rat,  about  0.1  millim. ;  in  the  Mouse  and  Bat  (Plecotus  auritus),  0.1-0.06 
millim.  The  main  trunks  are  always  somewliat  broader  than  the  branches 
into  which  they  subdivide.  The  breadth,  moreover,  increases  with  age,  at 
least  in  Man. 

The  alveoli  themselves — from  4  to  8  of  which  are  found  arrauged  in  a  radi- 
ating position  about  the  ti*ansverse  section  of  a  passage  or  infundibulum — are 
usually  hemispherical  in  shape  in  the  new-born  Mammal ;  later  they  become 
more  polyhedral,  through  mutual  pressure.  They  are  shallowest,  though  at 
the  same  time  sepai*ated  by  pretty  broad  septa,  at  the  conmiencement  of  each 
system  of  alveolar  passages  (described  above  as  the  direct  continuation  of  the 
finest  bronchial  twigs) :  they  are  deepest  and  only  sei)arated  by  narrow  septa 
in  the  teiminal  processes — the  infundibula,  and  especially  at  their  fundus. 
]n  the  alveoli  of  medium  depth  the  dimensions  of  breadth  and  depth  are 
about  the  same.  The  breadth  of  the  alveoli,  which,  however,  in  certain  i-e- 
gions  of  the  system  of  alveolar  passages  varies  but  little,  constantly  increases 
with  the  age  of  the  individual ;  whereas  their  depth  decreases  in  advanced 
age.  In  Man  the  diameter  of  the  alveoli  averages,  for  the  middle  years  of 
life,  0.15  millim. ;  immediately  after  birth  it  is  0.10-0.8  millim. ;  and  in  old 
age  (according  to  measurements  in  a  woman,  a^t.  GO)  the  breadth  is  0.25- 

*  Infralobnl/ir  bronchial  ramificatwivi  i  Addison)-  lobular  passages  {Todd)\  intercsUiUar 
passages  (Rainey).  While  in  the  more  famiUar  of  the  German  text-books  the  infun- 
dibula are  described  as  being  directly  attached  to  the  last  ramifications  of  the  bronchi, 
descriptions  of  the  structure  of  the  parenchyma  of  the  lung,  similar  to  the  one  I  have 
given  here  from  my  own  investigations,  may  be  found  in  Lerebouillet  (Anat^miie 
compart e  (k  Va^yparcU  respiratoire,  1838);  Addison  (Philmophical  transactions^  1842; 
Rossignol  {liecJurcJtes  sitr  Ui  structure  intime  du  fxmnu)tt,  184G);  Le  Fort  {liecherches 
stir  Vantttomi^,  dii  jwuinon,  rJiez  C/iotmne,  1859) ;  also  (apart  from  the  mention  made 
there  of  open,  net-like  communication  between  the  passages)  in  the  articles  ''  Organs 
of  respiration"  written  by  Williams  in  Todd's  Cydo^yadia  of  anatomy  and  physiohgy, 
vol.  5,  1859  ;  and  in  a  few  other  English  authors. 
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0.4,  the  deptli  0.1-0.2  millim.  The  dimensions  of  the  alveoli  of  the  larger 
domestic  Mammals  are  about  the  same  as  in  Man  ;  in  the  smaller  animals, 
however,  they  are  very  much  less.  I  found  the  average  breadth  of  the  alve- 
oli in  the  Ilabbit  to  be  0.05,  in  the  Kat  0.04,  in  the  Mouse  and  Bat  0.03-0.02 
miliim.  The  4—6  sided  (though  well-rounded  at  the  angles)  mouths  of  the 
alveoli  appear  everywhere  to  be  somewhat  narrower  than  the  diameter  of 
the  alveoli  themselves.  This  is  due  in  the  first  place  to  the  radiating  arrange- 
ment of  the  air  cells ;  in  the  next,  however,  to  a  thickening,  slight  though  it 
be,  of  the  free  borders  of  the  alveolar  septa, 

in  describing  the  relations  of  the  different  textures  it  will  be  found  ad- 
vantageous to  sepai-ate  the  bronchi,  whose  office  is  simply  to  conduct  the  air, 
fixim  the  parenchyma  of  the  lung,  which  consists  essentially  of  alveoli,  and 
whose  function  is  to  assist  directly  in  the  exchange  of  gases  between  the 
blood  and  the  air. 

As  regards  tlieii*  histological  structure,  the  bronchi  of  Mammals  are  strik- 
ingly alike  ;  that  is,  the  tubes  of  the  same  calibre  show  as  a  rule  either  the 
same  or  a  veiy  similar  texture,  although  differing  in  absolute  size. 

In  the  larger  bronchi — those  wluch  measure  1  millim.  in  diameter  and  up- 
wards and  which  we  shall  tii-st  describe  by  themselves — there  can  be  made 
out  as  a  rule,  exclusive  of  the  adventitia,  four  layers  which  are  each  charac- 
terized by  a  peculiar  histological  formation.  The  adventitia  is  made  up  of  a 
variable  rjuautity  of  loose  fibrous  connective  tissue,  containing  here  and  there 
clu-sters  of  fat,  and  serving  to  connect  the  bronchus  with  the  neighboring 
parts  ( vessels,  lymphatic  glands,  nerves,  alveolar  tissue) .  The  external  fibrovs 
laifer^  which  is  tlie  outermost  of  the  four  layers  and  constitutes  more  than 
one-half  of  the  entire  thickness  of  the  bronchial  wall,  consists  chiefly  of 
dense  fibrous  connective  tissue  in  which  cartilaginous  plates  are  embedded. 
Tlie  cartilages  of  the  bronchi,  which  contribute  i)rincipally  to  their  firmness 
and  elaijticity,  retain  in  the  fiiut  bronchial  branches  the  same  form  which 
they  jxjssessecl  in  the  free  bronchi,  viz.,  that  of  flattened  semicircular  rings  ; 
in  these  first  bronchial  branches,  however,  they  do  not  constitute  a  half  cyl- 
inder, closed  ])osteriorly  by  a  membrane,  but,  bi-anching  on  all  sides,  they 
form  a  perfectly  tubular  framework. 

These  half  rings  at  fii-st  almost  touch  each  other  with  their  sharp  edges ;  in 
fact,  in  some  animals,  the  Hog  for  example,  they  somewhat  override  each 
other ;  but  soon  they  become  changed  into  irregular  angular  plates,  provided 
with  short  processes.  In  Man  this  change  takes  place  very  soon,  whereas 
in  the  larger  animals  (Horse,  Cow)  it  occurs  only  after  several  bronchial  sub- 
divisions. These  plates,  which  are  not  arranged  in  any  special  order,  gradu- 
ally grow  smaller  and  more  widely  separated  from  each  other,  until  finally 
nothing  remains  but  a  few  delicate  disks  or  spangles,  occuning  only  at  wide 
intervals,  and  then  by  preference  at  the  angles  of  subdivision ;  in  the  bron- 
chial twigs,  whose  diameter  is  less  than  1.5-1  millim.,  they  disappear  al- 
together. Hence  in  very  small  Mammals  (domestic  Mouse  and  some  varie- 
ties of  Bats,  e.  g.  Vesperugo  Pipistrellus),  whose  largest  bronchi  scarcely 
attain  this  diameter,  the  cartilages  may  be  altogether  wanting  in  the  lungs. 

The  cartilage  cells,  which  are  so  numerous  in  the  hyaline  basis  substance 
of  the  bronchial  cartilages,  are  aiTanged  in  a  peculiai*  manner.  Throughout 
the  entire  cortical  layer  of  a  cartilage  plate  the  cells  are  shaped  somewhat 
like  a  flattened  cake,  and  lie  with  their  broad  svn-faces  jiarailel  with  the  ex- 
ternal Bur&ce ;  while  in  the  centre  the  cells  are  more  round  in  shape  (often 
likewise  collected  into  oblong  groups  by  the  so-called  secondary  cartilage 
ca|>sules>)  and  are  arranged  in  rows  peipendicular  to  the  surface.  Hence, 
when  especitilly  examined,  the  two  (iimer^^  outer)  superficial  layers  of  the 
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fia*m  basis  substance  of  the  cartilage,  which  are  parallel  to  each  other,  seem 
to  be  connected  by  transverse  buttresses. 

Tli6  fibrous  basis  tissue,  which  at  the  same  time  serves  as  a  periosteum  to 
any  plates  of  cartilage  that  may  lie  embedded  in  it,  consists  of  longitudinal 
bands  of  parallel  fibi-es  of  dense  connective  tissue,  between  which  run  small- 
er circular  layers  of  the  same  tissue  :  in  some  places  (especially  in  the  outer 
portions  of  the  entire  layer)  these  may  even  alternate  with  each  other  like 
regular  consecutive  layers.  It  is  traversed  by  longitudinal  networks  of  del- 
icate elastic  fibres,  which  are  closer  and  stronger  in  those  places  where  they 
run  from  the  sharp  edge  of  one  cai-tilage  to  that  of  the  next,  uniting  the  two 
in  the  direc'ion  of  the  long  axis  of  the  bronchial  twig.  While  throughout  the 
external  portion  of  this  fibrous  layer  adipose  tissue  may  be  seen  in  scattering 
clusters,  the  mucous  glands  are  confined  to  the  inner  poi-tion  of  the  same 
layer,  where  they  will  be  found  to  diminish  in  size  and  number  with  the 
calibre  of  the  tube.  In  the  larger  bronchi  these  glands  are  situated  not  only 
in  the  purely  fibrous  interstices  between  the  cartilages,  but  also  on  the  inner 
side  of  the  cartilaginous  plates.  In  the  former  position,  not  being  hindered 
in  their  expansion,  they  attain  a  large  size  and  often  protioide  a  considerable 
distance  into  the  external  portion  of  the  entire  layer ;  but  in  the  latter, 
being  limited  on  all  sides  in  their  growth,  they  usually  assume  a  flattened, 
cake-shaped  form.  In  the  smaller  bronchial  twigs  they  are  found  only  be- 
tween the  cartilages.  With  the  multiplying  ramifications  of  the  bronchi 
they  diminish  in  size  and  grow  more  and  more  scarce,  until  finally,  with  the 
disappearance  of  the  cartilages,  the  glandular  elements  cease  altogether.  A 
straight  outlet  duct,  lined  with  cylindrical  epithelium,  starts  from  each  of 
these  glands,  and,  piercing  the  inner  layers  of  the  bronchial  wall,  finally  ter- 
minates on  the  free  internal  surface  of  the  bronchial  tube  with  a  trumpet- 
like mouth.  At  some  point  in  its  course,  and  especially  in  individuals  of 
an  advanced  age,  the  outlet  tube  undergoes  an  ampulliform  enlargement. 

Fig.  148. 


Fig.  148.  Portion  of  a  transverse  Bection  of  a  Man^s  bronchial  twig,  measuring  6 


millim.  in   diameter.     Magnified  ' 


outer  fibrous  layer ;  b,  muscular  layer ;   c, 


inner  fibrous  layer  with  the  hyaline  boundary  layer  ;  d^  epithelial  layer. 

Next  to  the  outer  fibrous  layer,  follows  a  layer  of  muscular  tissue,  consist- 
ing of  dense  circular  bands  of  smooth  muscular  fibres.  Inasmuch  as  the  trans- 
verse section  of  each  of  these  circuktr  bands  is  itself  circular  in  shape,  it  would 
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hardly  seem  correct  to  dfescribe  the  muscular  layer  as  a  tube  with  smooth, 
even  walls ;  nevertheless  the  muscular  bands  lie  so  close  to  one  another  and 
are  so  extensively  imited  by  net-like  connections  that,  taken  as  a  whole,  it 
virtually  represents  a  continuous  layer.  Its  thickness  depends  in  general 
on  the  breadth  of  the  bronchial  twig.  In  the  largest  bronchi,  in  the  spots 
where  there  is  no  cartilage,  it  measures  in  the  Horse  about  0.5  millim. ;  in 
Man  0.3  millim. ;  in  the  Dog  0.2-0.1  millim. ;  in  the  Rat  0.005  millim. ;  in 
Human  bronchi — 4  millim.  in  diameter — 0.1  millim. ;  and,  in  those  measur- 
ing 2  millim.  in  diameter,  only  0.05  millim.  Beneath  the  cartilages  the  mus- 
cular bands  are  usually  thinner. 

In  contrast  with  the  two  layers  described  above,  which  in  transverse  sec- 
tions of  the  bronchi  represent  zones  of  pi'etty  uniform  thickness,  the  layer 
next  in  6rder,  the  inner  fibrous  layer,  shows  in  the  same  view  a  regular  alter- 
nation of  broad  and  very  thin  portions,  whose  inner  outline  follows  a  wavy 
course.  This  is  due  to  the  presence  of  14-20  longitudinal  ridges  which  pro- 
ject into  the  lumen  of  the  bronchus,  and  whose  height  depends  chiefly  on  the 
degree  of  development  of  the  entire  layer, — which  in  turn  is  proportionate  to 
the  calibre  of  the  tube, — but  also  in  part  on  the  degree  of  distention,  at  the 
time,  of  the  bronchi ;  tliese  being,  as  is  well  known,  somewhat  variable  in 
their  breadth.  The  most  important  and  characteristic  elements  of  this  layer 
are  strong  elastic  longitudinal  fibres,  which,  while  they  do  not  form  a  uni- 
formly thick  circular  layer,  are  yet  apt  to  be  found  massed  together  in  bun- 
dles in  the  longitudinal  folds.  The  stroma  is  formed  of  a  loose  connective 
tissue,  with  deUcate  also  chiefly  longitudinal  fibres ;  and  on  the  inner  side  it 
is  condensed  into  a  hyaUne  boundary  layer.  On  this  layer — the  so-called 
basis  membrane^stands  the  ciliated  cylindrical  epithelium,  which  lines  all 
the  bronchi  of  such  breadth  as  we  have  already  mentioned. 


Fig.  149. 
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Fig:  149.  Epithelium  (fresh)  of  a  Dog's  bronchial  twig,  4  millim.  in  diameter. 
Magnified  820  diameters. 

In  the  larger  bronchi  the  ciliated  cylindrical  cells  measure  about  0.08 
millim.  in  length,  while  in  the  smaller  bronchi  they  are  somewhat  shorter ; 
their  cilia  are  of  medium  length  and  move  in  the  direction  of  the  outlet. 
At  pretty  regular  intervals  between  these  cells  stand  a  goodly  number  of 
the  beaker  cells, ^  which  have  only  recently  been  minutely  described  by  me. 
The  Theca  of  these  cells  is  entirely  filled  with  a  mucous-like  material, 
throughout  which  ai*e  scattei*ed  numerous  strongly  refractile  granules ;  when 
the  parts  are  carefully  examined,  in  a  perfectly  tVesh  condition,  small  balls 
of  this  substance  may  be  seen  pushing  their  way  up  through  the  upper 
rounded  opening  of  the  cell  and  at  times  even  escaping  from  it.  Moreover, 
between  the  lower  ends  of  the  cylindrical  cells,  which  here  are  frequently 
either  constricted  or  distended,  cellular  elements  are  found  which  are  of  an 

*  Max  Schnitzels  Archinfiir  rmkroskopUche  Anatomie^  Bd.  III. ,  p.  192  and  fol. 
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irregularly  rounded  shape,  or  else  possess  no  characteristic  form.  As  they 
possess  no  visible  membrane,  they  must  in  all  probability  be  young  elements, 
whose  destiny  seems  to  be  to  fill  the  space  previously  occupied  by  others. 

The  principal  ditference  between  the  larger  bronchi,  which  we  have  already 
had  under  consideration,  and  those  measuring  1  millim.  and  less  in  breadth 
— which  we  are  now  about  to  describe — lies  in4»he  structure  of  the  exter- 
nal fibrous  layer.  Not  to  speak  of  the  entire  absence  of  cartilage  and 
mucous  glands,  this  external  layer  becomes  so  extraordinarily  thin  in  the 
smallest  bronchi  that  its  thickness,  in  Human  bronchi  whose  diameter  is  0.4 
millim.,  amounts  to  only  0.02  millim.,  and  toward  the  final  termination  of 
the  bronchus  the  layer  disappears  almost  entirely.  The  outer  fibrous  layer  is 
composed  here  of  longitudinal  bands  of  connective-tissue  fibres,  interspersed 
with  delicate  longitudinal  elastic  fibres.  Next  in  order  comes  the  muscu- 
lar layer,  which  consists  of  smooth  muscular  fibres  that  pursue  &  circular 
course ;  toward  the  end  of  the  terminal  branch  the  layer  gradually  grows 
thinner  and  finally  breaks  up  into  individual  ring  bands,  which  are  separated 
from  each  other  by  more  or  less  broad  fissures.  These  bands  often  consist 
of  only  a  single  layer  of  muscular  cells,  but  are  at  the  same  time  interwoven 
with  delicate  elastic  fibres  which  traverse  them  at  right  angles. 

The  bands  of  strong  elastic  longitudinal  fibres,  which  are  so  characteristic 
of  the  inner  filirous  layer  of  the  larger  bronchi,  are  continued  on  into  the 
smaller  bronchial  branches,  where — mingled  with  ^the  delicate  fibres  of  a 
clear  connective-tissue  basis  substance — they  run  in  bundles  along  the  inner 
siJe  of  tlie  tunica  muscularis,  in  the  longitudinal  folds. 


Fig.  150. 


b     a 


Fig.  150.  Portion  of  a  transverse  Rection  of  a  Pig's  bronchial  twig,  0.4  millim.  in 
diameter.  Magnified  *^^.  ^,  outer  fibrous  layer ;  6,  muscular  layer ;  <?,  inner  fibrous 
layer ;  rf,  epithelial  layer ;  /,  one  of  the  neighboring  alveoli. 

At  first  the  internal  covering  of  epithelium  still  consists  of  the  same  cilia- 
ted cylindrical  epithelia  cells  and  intervening  beaker  cells  which  we  have 
already  met  with  in  the  larger  bronchi.  Toward  the  end,  however,  of  the 
finest  bronchial  branches  the  epithelia  cells  gradually  grow  shorter  until 
soon  the  dimensions  of  height  and  thickness  become  equal;  finally  the  cells 
even  assume  a  flattened  form.  In  the  region  where  the  bronchi  undergo  the 
tnuisition  to  alveolar  passages,  the  cilia  and  the  beaker  cells  disappear. 
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The  bronchi  receive  their  nourishment  through  capillary  plexuses  whose 
meshos  ai*e  of  an  irregular  shape  in  the  outer  fibrous  layer,  circular  in  the 
muscular  layer,  and  somewhat  elongated  in  the  inner  fibrous  layer.  The 
chief  supply  of  blood  comes  from  those  branches  of  the  Arteria  bronchialis 
which  lie  in  the  Adventitia  and  outer  fibrous  layer ;  only  the  terminal  bron- 
chial branches  are  at  the  same  time  supplied  in  a  few  places  by  branches  of 
the  Arteria  pulmonalLs,  whose  capillaries  then  anastomose  with  those  which 
originate  in  the  bronchial  artery.  The  blood,  which  in  the  capillary  j)lexus 
has  become  venous,  is  then  given  up  to  the  veins :  the  Vena  bronchialis, 
which  corres[)onds  to  the  Arteria  bronchialis,  receives  on  its  way  to  the  hilus 
of  the  lung  only  that  portion  of  the  blood  which  comes  from  the  walls  of 
the  larger  bronchi ;  while  from  the  smaller  bronchi  the  blood  goes  directly 
into  the  Yens  pulmonales.  Lymph  vessels  are  found  coming  in  large  num- 
bers, especially  from  the  inner  layers  of  the  bronchi ;  they  pursue  their 
course  along  the  outer  connective-tissue  envelopes  of  the  bronchi  toward  the 
root  of  the  lungs,  whei-e  they  enter  the  lymphatic  glands,  which  ai'e  there 
situated. 

Soiall  ganglia,  such  us  were  first  discovered  by  llemak,  are  found  embed- 
ded here  and  there  along  the  course  of  the  nerves ;  these  originate  in  the 
plexis  pulmonalis  and  follow  the  course  of  the  bronchi,  ramifying  over  them 
and  giving  off  branches  which  are  evidently  destined  to  furnish  the  chief 
nervous  supply  to  the  abundant  smooth  mu.scular  tissue  of  these  parts. 

The  alveolar  tissue,  like  the  bix)iichi,  shows  essentially  the  same  histologi- 
cal relations  in  the  lungs  of  different  Mammals. 

The  iMirietes  of  contiguous  alveoli,  which  belong  to  the  same  infundibulum 
or  alveolar  passage,  fuse  together  as  a  rule  into  thin  membranes  (alveolar 
septa) ;  where,  however,  the  contiguous  alveoli  belong  to  neighboring  infun- 
dibula  or  alveolar  passages,  this  fusion  does  not  always  occur.  In  the  latter 
case  the  sepnration  is  occasionally  due  to  the  presence  of  thin  layers  of  a 
loose  fibrous  interstitial  connective  tissue ;  while  between  the  different  sys- 
tems of  alveolar  passages  tliis  coimective  tissue  is  found  with  great  regulari- 
ty, in  the  lungs  of  all  Mammals  the  alveolar  parenchyma  is  subdivided  by 
still  thicker  septa  of  connective  tissue  into  polyhedral  masses,  called  lobules. 
These  diminish  in  circumference  with  the  size  of  the  animal.  In  Man  they 
have  a  diameter  of  from  0.5  to  1  centimetre,  and  their  in-egularly  polygonal  * 
(usually  4-6  angled)  outlines  may  be  seen  shining  through  the  ])leura,  or,  in 
sections,  they  may  even  easily  be  recognized  through  the  substance  of  the 
lungs.  The  interstitial  connective  tissue  of  the  parenchyma  of  the  lungs  is 
firmly  attached  on  the  one  side  to  the  pleura,  while  on  the  other  it  passes 
continuously  into  the  loose  adventitious  fibrous  tissue  which  sun-ounds  like 
a  sheath  the  bronchi,  the  vessels  and  the  nerves,  and  serves  to  bind  them 
together. 

The  groundwork  of  the  alveolar  wall  proper  is  a  transpai^ent,  almost 
structureless  layer  of  connective  tissue,  which  is  only  here  and  there — es- 
}ieciaUy  in  the  thicker  portions — distinctly  fibrous,  and  in  which  may  be 
found  a  very  few  scattered  elongated  oval  connective-tissue  nuclei,  without 
any  appreciable  granular  halo.  This  transparent  basis  substance  is  traversed 
by  numerous  elastic  fibres  whose  peculiar  arrangement  imparts  to  the  tissue 
of  the  lung  its  very  characteristic  appearance  under  the  microscope.  The 
elsiktic  tissue  occurs  most  abundantly  in  the  princi[)al  chamiels  of  each  sys- 
tem of  alveolar  passages.  Here  are  found  ring  bands,  composed  of  strong 
elastic  fibres,  which  follow  the  course  and  enter  chiefly  into  the  composition 
of  the  free  tiiickened  borders  of  the  strong  se{>ta  that  separate  the  lateral 
groups  of  alveoli :  these  ring  bands,  however,  are  not  always  closed  so  as  to 
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foiin  complete  circles.  Again  we  find  the  elastic  tissue  strongly  developed 
in  the  septa  at  the  bifurcation  of  the  main  alveolar  passages :  finally,  it  is 
also  present  at  the  always  somewhat  narrowed  entrances  of  the  lateral 
and  terminal  infundibula.  From  these  denser  bands  of  strong  elastic  fibres 
others  of  less  width  are  given  off  which  serve,  on  the  one  hand,  as  supports 
for  the  margins  where  several  'alveoli  meet ;  and,  on  the  other  hajid,  as 
frames  for  the  rounded  polygonal  enti-ances  of  all  individual  alveoli — 
whether  they  terminate  directly  in  the  passages  or  unite  to  form  infundi- 
bula. Finally,  from  these  smaller  bands  isolated  elastic  fibres  of  finer  cal- 
ibre are  distributed  in  an  ai'ching  direction  over  the  alveoli,  where  they 
frequently  form  Y-like  subdivisions,  which  anastomose  with  each  other  like 
the  cords  of  a  net. 

Fig.  151. 


Fig.  151.  Section  through  a  lateral  Infundibalum.  From  the  lung  of  an  adult 
Human  being,  after  it  had  been  filled  with  and  hardened  in  alcohol  containing  acetic 
acid,  a,  entrance  from  the  alveolar  passage  into  the  infundibulam ;  the  upfker  margin 
of  the  opening  has  been  partially  removed  by  the  section.  Magnified^.  6,  nuclei  of 
smooth  muscular  fibres. 

Delicate  bands  of  smooth  muscular  tissue — which  consist  often  of  only  a 
few  isolated  fibres,  and  are  embedded  in  a  connective  tissue  composed  of 
delicate  fibres — may  be  recognized  scattered  here  and  there  between  the 
more  superficial  layers  of  elastic  fibres,  in  the  borders  of  those  septa  which 
project  most  prominently  into  the  lumen  of  the  alveolar  passages;  this  is 
especially  the  case  at  the  beginning  of  the  principal  alveolar  passages,  where 
the  free  margins  of  the  septa  may  still  be  looked  upon  as  a  direct  continua- 
tion of  the  walls  of  the  bronchi.  The  membranous  walls  of  the  alveoli  are 
completely  without  muscular  tissue,  and  even  in  the  thicker  borders  of  the 
individual  alveolar  septa  I  was  not  able  to  discover  any  smooth  muscular 
fibres.* 

*  Although  the  majority  of  writers  on  anatomy  miss,  like  myself,  the  presence  of 
smooth  muscular  fibres  in  the  walls  of  the  alveoli,  neverthelesB  they  have  been  suppoe- 
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The  respircUory  capUlary  network^  whi<^  plays  such  an  important  |>art  in 
the  function  of  the  lungs,  is  connected  with  the  walls  of  the  alveoli  in  a  [)e- 
caiiar  manner. '  It  derives  its  origin  from  two  sets  of  branches  of  the  Arte- 
ria  pulmonalis :  first,  from  those  which  accompany  the  bronchi,  and  ai'e  sit- 
uated in  their  adventitia  and  external  fibrous  layer  ;  and  second,  from  those 
which  run  through  the  interstitial  connective  tissue  of  the  lobules  and  alve- 
olar passages.  When  the  blood  has  become  arterial,  it  is  carried  by  these 
capillaries  into  the  collecting  branches  of  the  Venas  pulmonales,  which  usu- 
ally lie  on  the  opposite  side  of  an  entire  group  of  alveoli,  and  the  greater 
number  of  which  accompany  the  branches  of  the  Arteria  pulmonalis  in  the 
reverse  direction,  although  a  few  may  travei-se  the  tissue  of  the  lungs  by  an 
isolated  course.  In  the  walls  of  the  alveoli  the  capillary  network  encloses 
meehes  either  of  an  oval  or  rounded  shape,  or  else  angular  with  rounded 
an^es.  Where  the  alveolar  wall  is  in  addition  surrounded  externally  by  a 
dense  layer  of  fibrous  connective  tissue — as  is  the  case  on  the. boundary  sur- 
ftioes  of  the  several  lobules,  especially  beneath  the  pleura — the  capillary  net- 
work spreads  itself  out  in  planle  or  slightly  arched  surfaces  on  the  inner  side 

Fig.  152, 


Fi|^.  152.  Section  through  the  alveolar  parenchyma  of  a  Human  lung,  injected 
thioofirh  the  Arteria  {ralmonalis.  a  a,  free  alveolar  margins ;  b^  small  arterial  branch ; 
c  e.  alveolar  walla  seen  in  tiansverse  section. 


of  the  connective  tissue  wall;  at  the  same  time  the  capillary  tubes  lie 
embedded  only  to  a  very  slight  deptli — at  the  very  most,  half  way — in  the 
basis  membrane,  whereas  the  greater  part  of  their  surface  projects  into  the 
lumen  of  the  alveolus.    Where,  however,  as  in  the  majority  of  cases,  the  walls 

ed  to  exist  there,  and  have  been  described  by  Gerlach,  Oewebelehre,  S.  248 ;  Mole- 
■diott  in  his  Uhtermchfmgm,  Bd.  vi,  8.  890;  Colberg,  de  penitiore pulmanum  strvc- 
t^mi,  Halis,  1863;  Hirschmann,  Virchow's  Are/Uv,  Bd,  xxxvL,  1866;  and  by  Piso- 
Bome,  IfolMdiott's  UrUerwehunfen,  Bd.  x.,  1867.  < 
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of  two  neighboring  alveoli  become  consolidated  into  a  single  thin  membrane, 
the  arrangement  of  the  capillaries  is  different:  instead  of  being  situated 
each  on  the  inner  side  of  its  own  alveolar  wall,  the  two  capillary  networks 
are  now  brought  into  immediate  contact,  and  become  united  into  a  single 
though  complicated  network,  whose  transvei-se  anastomoses  traverse  the 
common  wall  in  extraordinary  n umbel's.  The  meshes  of  these  networks 
are  very  narrow  (in  Man  about  0.001  millim.  broad  ;  in  smaller  animals  only 
a  trifle  narrower)  and  do  not  lie  in  the  same  plane,  but,  fi^equently  traversing 
the  septum,  they  project  first  into  one,  then  into  the  other  of  two  contiguous 
alveoli. 

If,  in  transverse  sections  of  such  alveolar  septa,  we  follow  the  course  of 
the  capillaries,  we  shall  see  them  projecting  like  loops,  first  on  one  side,  then 
on  the  other  of  the  septum.  When  the  vessels  are  well  injected,  and  the 
alveoli  are  but  slightly  distended,  these  loops  are  curved  the  most,  and  pro- 
ject into  the  lumen  of  the  alveolus  ;  whereas  if  the  alveoli  are  more  distend- 
ed, the  loops  will  not  stand  out  so  prominently  from  the  walls ;  still  even 
then  they  protrude  the  largest  part  of  their  side  surfaces  into  the  cavity. 
Should  one  wish  to  persuade  himself  that  these  free  capillary  surfaces  pos- 
sess— ^at  least  in  many  places — ^no  inde{)endent  connective- tissue  covering, 
he  will  find  the  proof  of  it  most  easily  in  the  capillary  loops  which  run  along 
the  free  borders  of  the  alveolar  septa.  The  diameter  of  the  capillary  tubes 
diminishes  but  slightly  with  the  size  of  the  animal,  and  measures  in  the 
lungs  of  the  adult  Human  being — when  the  vessels  are  moderately  full — from 
0.00(5  to  0.008  millim. 

Each  separate  alveolus  does  not  possess  its  own  special  arterial  and  venous 
trunks ;  the  capillary  network  originating  in  a  single  terminal  arterial  twig 
is  usually  distributed  over  several  neighboring  alveoli  before  it  pours  its 
contents  into  a  small  vein  on  the  opposite  side.  In  tlie  region  where  the 
terminal  bronchial  twig  passes  into  its  appropriate  system  of  alveolar  pas- 
sages, in  the  smaller  bronchial  branches,  and  close  beneath  the  pleura,  the 
capillaries  originating  in  the  Arteria  pulmonalis  anastomose  richly  with  those 
which  come  from  the  bronchial  arteries. 

According  to  Wy  wodzoff's*  investigations  on  the  lungs  of  Dogs  and  Horses, 
the  '  lymph  vessels  of  the  alveoli  commence  a.s  small  (anastomosing)  spaces, 
which  do  not  possess  an  epithelial  lining,  and  which  are  situated  in  the 
connective  tissue  wall  of  the  alveolus  and  always  in  the  plane  of  that  wall ; 
their  main  bi-anches  follow  first  the  direction  of  the  elastic  fibres  and  then 
the  course  of  the  capillaries,  though  not  so  exclusively,  however,  but  that 
they  frequently  cross  the  latter  and  form  large  lacunse  in  the  meshes  of  the 
capillary  vascular  network.  These  first  commencements  empty  their  contents 
into  two  sets  of  lymph  vessels :  the  one,f  deeply  situated,  follows  the  bron- 
chi and  vessels  directly  to  the  root  of  the  lung  ;  the  other,  composed  of  com- 
paratively superficial  lymph  vessels,  surrounds  like  a  network  the  end  sur- 
faces of  the  lobules,  immediately  beneath  the  pleui'a,  and  then,  in  Man,  either 
follows  an  independent  course  to  tlie  hilus,  or  poura  its  contents  at  different 
j>oints  into  the  deep  vessels. 

The  internal  surface  of  the  alveoli,  as  well  as  of  all  the  infundibula  and 
alveolar  passages,  is  lined  with  a  continuous  epithelium  which  is  uniform 
only  in  the  foetus,  while  in  the  adult  Mammal  it  is  irregular.  Whereas  in 
the  alveoli  of  older  foetuses  a  uniform  layer  may  still  be  seen,  consisting  of 
4-G  angled,  flat,  closely  packed  epithelial  cells,  each  of  which  possesses  a 


*  Wuffier  medmmsc/i.  Jnhrbiicher^  Bd.  xii.,  p.  1. 

f  Which  also  are  fed  from  the  bronchi,  and  have  already  been  mentioned  above. 
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membrane,  granular  contents,  and  a  rounded  transj>arent  nucleus,  in  all  in- 
dividuals that  have  breathed  for  a  short  time  already  a  few  epithelial  cells 
will  be  found,  which  have  grown  considei-ably  larger  and  more  transparent 
by  the  disappearance  of  their  gianular  contents  and  the  fading  of  the  pre- 
viously sharply  outlined  nucleus. 

Fig.  153. 


Fig.  153.  Fundus  of  an  alveolus  ;  from  a  peripheral  section  that  was  made  in  a 
direction  parallel  with  the  pleura.  The  lung,  which  was  taken  from  a  child  that  had 
been  bom  in  the  eighth  month  and  Uved  two  days,  was  previously  filled  with  a  solu- 
tion of  nitrate  of  silver. 

In  the  alveoli  of  older  animals  *  the  polygonal  or  irregularly  round  epithe- 
lial cells,  with  granular  contents  and  clear  round  nuclei,  are  seen  either 
single  or  in  small  groups  of  from  two  to  four  (rarely  more)  among  large, 
clear,  thin,  structureless  plates,  whose  outlines  are  either  irregularly  an- 
gular or  slightly  wavy.  These  plates,  moreover,  are  simply  a  modification  of 
the  earliest  foimed  epithelial  cells,  in  which  the  change  described  above,  in 
speaking  of  very  young  animals,  has  undergone  a  still  further  development. 
This  change,  in  all  probability,  is  due  to  pressure  of  the  expanding  capillaries 
and  partly  to  the  tension  of  the  distended  alveoli  (perhaps  also  in  part,  as 
Elenz  intimates,  to  a  sort  of  melting  into  one  of  contiguous  epithelial  cells).! 


*  In  my  researches  I  made  use  of  the  Cat,  Dog,  Babbit,  and  Calf.  The  silver  treat- 
ment proved  ineffectual  in  the  adult  Human  lungs  which  I  was  able  to  obtain,  on  ac- 
count of  the  thickness  of  the  pleura  and  the  already  too  far  advanced  decomposition. 

t  The  results  of  my  investigations  upon  the  alveolar  epithelium  of  the  lungs  of 
Mammals,  as  stated  here  briefly,  agree  in  all  material  points  with  the  statements  of 
Elenz  {Warzburger  naturw.  Zeit:*ck.  Bd.  v.),  of  Eberth  {ibid.),  of  C.  Schmidt  {dr 
Vfmthditim  pulm/mmre^  Diss.  18()G)  and  of  Colberg  {JJeuUchea  Archie  fur  Minische 
Medicin^  il ).  Other  authors,  like  Addison,  Bemak,  Bossignol,  Beinhardt,  Schr-der 
Van  Der  Kolk.  Adrinni,  Badclyffe,  Hall,  Schultz,  Gerlach,  Williams,  Waters,  Deichler, 
Zenker,  Bakody.  and  Henle,  deny  altogether  the  existence  of  an  epithelium  in  the 
alveoli ;  others,  J.  Arnold  and  Hertz,  for  instance,  believe  in  the  existence  of  an  in- 
terrupted epithelium,  whose  nucleated  cells  occur  only  in  the  capillary  meshes,  leav- 
ing the  capillaries,  however,  free;  while  others  still,  like  E.  Wagner,  O.  Weber,  L. 
Meier,  Ghrzonszozewsky,  Hiishmann,  Baier,  and  Piso-Borme,  describe  an  epithelium 
compofled  of  perfectly  uniform,  closely  packed,  angular,  nucleated  cells. 
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The  free  margins  of  the  basis  framework  which  project  into  the  lumen 
of  the  passages,  the  free  borders  of  the  alveolar  septa,  of  the  denser  walls 
of  separation  between  neighboring  groups  of  alveoli,  and  of  the  narrow 

Pig.  154. . 


Fig^  154.  Fundus  of  a  peripheral  infundibidum,  situated  close  beneath  the 
pleura;  from  an  adult  Cat's  lung,  which  had  been  filled  with  a  solution  of  nitrate 
of  silver.     Magnified  *^'^. 

Fig.  155. 


Fig.  155.  Alveoli  from  a  Cat's  lung,  which  had  been  filled  with  and  hardened  in 
Miiller^s  solution,  aa^  epithelial  cells  with  granular  contents ;  bb^  capillaries  con- 
taining  blood  corpuscles.     Magnified  ^i^. 
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entrances  to  the  infundibula,  also  those  margms  which  occur  at  the  points 
of  bifurcation  of  main  passages  are  lined  only  with  these  thin,  transparent 
plates  whose  boundary  outlines — marked  out  by  the  silver  treatment — 
usually  traverse  them  transversely.  The  granular  epithelial  cells  never 
lie  directly  upon  the  capillarieH,  but  always  upon  the  wall  of  the  alveolus, 
in  the  meshes  of  the  capillary  network ;  at  the  same  time  each  mesh  is  not 
limited  to  a  single  epithelial  cell,  for  then  the  number  of  the  former  would 
not  suffice  to  hold  them  all.  Very  frequently  in  adult  Human  beings,  more 
rarely,  however,  in  other  Mammals,  the  cells  contain  those  small,  round, 
black  pigment  granules  which  are  also  found  in  the  alveolar  walls  of  Human 
beings  who  ai*e  not  very  young.  These  granules  are  found  in  greater 
abundance  in  the  interstitial  connective  tissue  which  separates  the  lobules 
of  alveolar  parenchyma,  and  also  in  the  adventitious  connective  tissue  which 
accompanies  the  bronchi  and  vessels ;  but  they  are  especially  abundant  in 
the  bronchial  lymph  glands.  They  are  usually  gi^ouped  in  round  or  stellate 
heaps  around  transparent  nuclei ;  more  rarely  will  they  be  found  scattered 
about  diffusely,  giving  to  the  lungs  of  older  Human  beings  the  peculiar, 
black,  speckled  appearance  with  which  we  are  familiar. 

Principal  Works  on  the  Minute  Structure  of  the  Lungs  of  Mammah. 

M.  Malpiohi,  De  pnhnonibus  epistolae  II.  ad  Bonellium.  Bonon.  1661. — Beis- 
SEISGN,  Ueber  den  Bau  der  Lungen.  Berlin,  1822. — Bourgeby,  in  the  Annales  des 
sciences  nat.  1830. — LEiiEBOiiiiLET,  Anatomie  compar^e  de  Tappareil  respiratoire, 
1838.— Addison,  in  the  Philosophical  transactions.  Vol  XXVIII.  1845.— Mole- 
acnoTT,  De  Malpighiauis  pulmonum  vesiculis.  Heidelberg,  1845. — Bossignol,  Be- 
cherches  «ar  la  strnctore  intime  du  poumon.  Bniz.  1846. — Adriani,  De  subtiliori 
polmonnm  structara.  Traject  adBhen.  1847.  Diss.- Cramer,  Depenitiori  pulmonum 
hominis  stmctura.  Berol.  1847. — Gerlach,  (lewebelehre.  1848.— Kostlin  in 
Griesingek's  Archiv  1848  und  1849.— E.  Schultz,  Disquisitiones  de  stnicturaet 
textoia  canalinm  aeriferorum.  1850.  Diss.  —Williams,  in  Medical  times  und  gaz. 
1856.— Bainey,  in  Brit,  and  for.  med.  chir.  Beview.  1855.  (Bpithelinm.)— Williams 
in  Todd's  Cyclopaedia  of  anat.  and  phys.  Vol.  V.  Artie.  Organs  of  respiration.  1859. — 
Le  Fort,  Becherches  sur  Tanatomie  du  poumon  chez  Thomme.  Paris  1859. — Waters, 
The  anatomy  of  human  lung.  London,  1860. — Ecker.  Icones  physiologic.  Tab.  X  et 
XL— Deichler  in  Zeitschr.  fur  rat.  Med.  3.  Beihe.  Bd.  X.  1861.  (Epithel.)— Eberth 
in  ViRCHOw'8  Archiv.  Bd.  XXIV.  1863.  (Epithel  )  and  Zeitschr.  fiir  wissensch. 
Zoologie.  Bd.  XII.  1863.  (Epithel  )—Heale,  A  treatise  of  the  physiol.  anatomy  of 
the  lungs.  Loudon,  1862. — Zenker.  Beitrage  zur  normalen  und  pathologrischen 
Anatomie  der  Lunge.  1862.  (Capillaren  und  Epithel.) — E.  Wagner,  in  Archiv  fiir 
Heilkunde.  1862.  (Epithel.)— Be  ma  K,  in  Deutsche  Klinik.  1862.  (Epithel. )— Hertz 
in  Vittcnow's  Archiv.  Bd.  XXVI.  1863.  (Epithel.)— J.  Arnold,  in  Virchow*s  Arch. 
Bd.  XXVIL  1863.  (Epithel.)  und  XXVIII.  1868.  (Epithel.)— Colberg,  Observationes 
de  penitiori  pulmonum  structura.  Halis,  1863.-0.  Weber,  in  Virchow's  Archiv.  Bd. 
XXIX  1864.  (Epithel.)— L.  MEiERinViRCHOw's  Archiv.  Bd.  XXX.  1864.  (Epithel. )- 
Blkntz  in  Wiirzburger  naturwisaensch.  Zeitschr.  Bd.  V.  1864.  (Epithel.  )—Pi90- 
BoRMB  in  Arch,  di  Zoologia.  Vol  III.  1864.— Bakody  in  ViRCnow's  Archiv.  Bd. 
XXXIIL  1865.  (Epithel.)— CHRZON8ZCZEWKY  in  Wiirzburger  media  Zeitschrift  IV. 
und  ViRcnow'8  Archiv.  Bd.  XXXV.  1866.  (Epithel. )— Colberg  in  Deutsches 
Archiv  fiir  klinische  Medic.  II.  1866.  (Epithel.)— Wywodzopp  in  Wiener  medic. 
Jahrbiicher  XL  1866.  (Lymphgeffisse.)— Henle,  Eingeweidelehre.  1866.— Koschla- 
KOPF  in  ViRCHOW'8  Archiv.  Bd.  XXXV.  1866.  (Pigment.)— C.  Schmidt,  De 
r^pithelium  pulmonaire.  Strassbourg,  1866.  Diss.  (Epithel.)— O.  Bayer,  Das  Epithel 
der  Lungenalveolen.  Leipzig,  1867.  Diss.-KNAUPP  in  ViRcnow^s  Archiv.  Bd. 
XXXIX,  (Pigment.) 

II. — The  Lungs  of  Birds. 

The  principal  air  passage^  which  is  a  direct  continuation  of  the  free 
bronchus,  traverses  each  lung  from  before  backwards  and  finally  terminates 
by  a  broad   mouth  in  the   abdominal  air  sac;    on  its  way  it  gives  off 
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laterally  broncHial  tubes,  with  pinnated  side  branches,  which  pursue 
their  course  along  the  surface  of  the  lung,  immediately  beneath  it« 
accessoiy  investing  membrane  (with  which  they  are  at  the  same  time  united 
throughout  half  their  extent),  and  then  also  in  part  terminate  in  air 
sacs.  From  the  membranous  portion  of  the  walls  of  these  bronchi  — 
that  namely  which  is  situated  next  to  the  surface  of  the  lungs — only 
simple,  smooth,  low  septa  project  inwards :  tliese  are  connected  together  in 
such  a  manner  as  to  enclose  alveolar,  honey -combed  spaces  like  the  meshes 
of  a  net;  whereas  from  the  sides  of  the  bronchi  which  lie  next  to  the 
parenchyma  of  the  lungs,  and  also  from  some  portions  of  the  principal  air 
passage,  the  so-called  lung-pipes  or  air  caualiculi  (canaliculi  aeriferi)  are 
given  off  at  a  right  angle.  These  lung-pipes  are  elongated  tubes,  which, 
when  cut  across,  present  extf»rnally  a  hexagonal  outline,  and  whose  volu- 
minous walls  contain  the  true  respiratory  tissue  and  compose  the  chief  mass 
of  the  entii-e  Bird's  lung.  They  run  side  by  side  in  a  parallel  direction,  and 
their  course,  which  at  first  is  straight,  becomes  afterwards  wavy  or  some- 
what bent ;  at  the  same  time  they  anastomose  frequently,  by  open  passages 
from  one  to  the  other  tube.  Their  lumen,  which  in  a  transverse  section 
a|)pears  circular,  is  bounded  by  the  free  inner  bordei*s  of  strong,  mem- 
branous, annular  partitions,  which  frequently  communicate  with  each  other 

Fig.  15G. 


Fig.  156,  Transverse  section  of  two  lung-pipes  from  the  Goose.  In  the  one  to  the 
right  the  air  spaces  are  filled  with  a  dark  injecting  material.  In  the  one  to  the  left 
the  vessels  have  been  filled  by  an  injection  into  the  Arteria  pulmonalis. 

by  me^ns  of  oblique  anastomoses ;  these  oblique  partitions  follow  each 
other  at  prttty  regular  intervals  and  are  connected  together  by  numerous 
thinner  intervening  septa  running  in  a  longitudinal  direction.     Thus  a  sort 
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of  network  is  formed  which  encloses  honey-combed  spaces  whose  ground- 
work constitutes  the  parenchyma  of  the  voluminous  walls  of  the  pipes. 
Frozi  each  such  side  niche  of  the  honey-combed  wall  a  few  passage-ways 
enter  into  the  parenchyma  in  a  direction  at  right  angles  to  and  radiating 
from  the  long  axis  of  the  pipes ;  these  passages,  which  at  first  are  single  and 
straight,  soon  give  off  branches  like  a  tree — ^the  branching  being  usually 
dichotomous  and  acute-angled — and^ finally  terminate  in  small  (in  the  Swan 
from  0.016  to  0.009,  in  the  Goose  from  O.OIO  to  0.006,  in  the  Dove  from 
0.009  to  0.006  millim.  in  diameter)  lateral  and  tei-mmal  oblong  blind  sacs, 
which  when  fiiUy  injected  with  the  injecting  material  appear  to  possess 
numerous  hump-shaped  divertides. 

In  the  membranous  parts  of  the  walls  of  all  the  bronchi  that  run  along 
the  surface  of  the  lung,  four  different  layers  may  be  distinguished  similar  to 
those  in  the  bronchial  walls  of  Mammals :  viz.,  an  external  fibrous  layer,  a 
muscular  layer,  which  however  is  not  altogether  continuous,  an  inner  fibrous 
layer,  and  an  epithelial  layer.  The  external  fibrous  layer  consists  of  fibrous 
connective  tissue  whose  fibres  follow  chiefly  a  longitudinal  course  and  are 
intermingled  with  delicate  elastic  fibres.  Only  at  the  beginning  of  the 
principal  air  passage  do  we  find  a  few  thin  cartilaginous  plates  which  clasp 
the  tube  throughout  two-thirds  of  its  circumference.  Small  clusters  of  adi- 
pose tissue  are  found  scattered  here  and  there  in  varying  quantity,  accord- 
ing to  the  condition  of  the  individual  as  regards  nutrition.  The  transverse 
buids  of  smooth  muscular  tissue,  which  lie  on  the  inside  of  the  external 
fibrous  layer,  do  not  constitute  an  entirely  continuous  layer,  inasmuch  as 
fissure-like  openings  exist  between  the  bands.  Beneath  the  cartilages  the 
muscular  tissue  is  entirely  absent.  The  septa,  which  project  from  the  mem- 
branous portion  of  the  wall  into  the  lumen  of  the  bronchi,  contain,  especial- 
ly near  their  free  margins,  strong  muscular  bands  which  are  connected  here 
and  there  with  those  just  mentioned  by  means  of  more  delicate  muscular 
fasciculi.  The  inner  fibrous  layer  is  composed  of  a  pretty  thin  stratum  of 
longitudinal  fibres  of  connective  tissue,  intermingled  with  delicate  networks 
of  elastic  tissue,  whose  fibres  also  run  longitudinally.  This  layer,  which  in 
a  few  places  is  thrown  into  low  longitudinal  folds,  is  spread  out  continuous- 
ly over  all  the  septa  which  project  inwards  and  which  are  united  together 
like  a  net :  in  fact  it  contributes  in  a  very  large  degree  to  their  formation. 
This  inner  fibrous  layer  is  covered  with  a  ciliated  cylindrical  epithelium, 
throughout  which  are  scattered  numerous  beaker  cells.  In  the  final  bron- 
chial terminations  tliis  epifhelium  gradually  diminishes  in  height.  The 
membranous  walls  of  the  bronchi  are  nourished  by  a  capillary  network, 
which  possesses  elongated  meshes  and  is  distributed  chiefly  throughout  the 
inner  fibrous  layer. 

In  those  portions  of  the  bronchi,  in  Birds,  which  lie  immediately  next  to 
the  parenchyma  of  the  lung,  the  pulmonary  pipes — which  stand  at  right 
angles  to  the  bronchus — are  given  off  in  such  numbers  and  in  such  close 
proximity  to  one  another  that  the  bronchial  wall  in  these  places  loses  ite 
membranous  character  and  assumes  more  the  appearance  of  a  lattice-work. 
The  framework  of  which  the  latter  is  constituted  consists  of  strong  bands  of 
smooth  muscular  tissue,  with  a  groundwork  of  fibrous  connective  tissue  con- 
tainiDg  elastic  fibres.  This  same  connective  tissue  is  then  continued  on 
over  the  free  surface  and  constitutes  the  inner  fibrous  layer,  which  here 
possesses  numerous  capillary  plexuses  and  is  covered  with  ciliated  cylindri- 
cal epithelium.  From  this  muscular  lattice-work,  which  surrounds  the 
entrances  to  the  pulmonary  pipes,  more  delicate  bands  of  the  same  tissue 
are  continued  on  over  the  pipes  themselves ;  at  ^he  same  time  they  do  not 
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extend  into  the  thickened  free  borders  of  the  transverse  membranous  septa 
— designated  above  as  annular  partitions — which  are  usually  composed  only 
of  fibrous  connective  tissue  together  with  delicate  elastic  fibres ;  the  same 
is  true  of  the  less  prominent  longitudinal  septa  which  connect  them  to- 
gether. 

The  framework  of  the  thick  spongy  outer  wall  of  the  pipe  is  formed  of  a 
very  delicately  fibi-ed,  almost  homogeneous  connective  tissue,  which  is  inter- 
spersed with  networks  of  still  more  delicate  elastic  fibres  and  supports  the  rich 
capillary  network  to  which  the  function  of  exchanging  the  gases  is  allotted. 
This  respiratory  capillary  system  emanates  from  the  terminal  branches  of 
the  Arteria  pulmonalis,  which  run  along  the  outer  surface  of  the  pipes  and 
then  penetrate  at  various  points  with  their  small  terminal  twigs  into  the 
parenchyma  of  the  latter :  from  here  these  capillaries  pass  into  the  similarly 
situated  commencements  of  the  Vena  pulmonalis.  These  capillaries  often 
project  a  certain  distance  into  the  lumen  of  the  air  passages  and  are  always 
firmly  connected  with  the  connective-tissue  basis  substance,  in  which  they 
are  more  or  less  completely  embedded ;  *  they  are  very  small  in  diameter  and 
usually  surround  the  terminal  air  passages  in  a  transverse  direction,  inoscu- 
lating freely  in  their  course  so  as  to  form  a  network  with  elongated,  some- 
times almost  fissure-like  meshes.  I  have  not  yet  succeeded  in  demon- 
strating the  epithelial  lining,  which  is  undoubtedly  present  here. 

Between  the  pipes,  there  are  found  in  some  Birds  (Goose,  Duck)  pretty 
thick,  in  others  (Dove)  scarcely  recognizable  layers  of  a  clear  fibrous  inter- 
stitial connective-tissue. 

The  air  sacs  of  Birds — which  must  be  considered  as  very  large  local  di- 
verticula of  the  bronchial  walls — consist  of  a  fibrous  connective-tissue 
membrane,  which  is  traversed  by  delicate  elastic  fibres  and  broad-meshed 
capillary  networks,  and  is  lined  on  its  inner  surface  with  a  single  layer  of 
pavement  epitheliuui,  whose  cells  carry  cilia  only  near  the  entrance  of  the 
sac. 

Principal  Works  on  the  Minute  Structure  of  Birds'  Lungs. 

FULD,  De  oigania,  quibue  avee  spiritum  ducimt.     1816. 

Retzius.     Froriep'8  Notiaen.     Bd.  XXXV.,  p.  1.  1832. 

Lbrbboullet.  Anatomie  comparee  de  Tappareil  resplratoire  dans  les  animauz 
vert^br^s.     1838. 

E.  Weber.  Ueber  den  Bau  der  Lungen  bei  den  Vogeln,  im  Bericht  iiber  die  19.  Ver- 
Bammlung  deutscher  Naturforscher  und  Aerate  in  Braunschweig.     1842. 

GuiLLOT.  B,echerche8  sor  Tappareil  respir.  des  oiseaux.  Amiales  des  so.  nat. 
1846. 

SaPpey.     Recherches  sur  Tappareil  respir.  des  oiseaux.     1847. 

Rainey.  On  the  minute  Anatomy  of  the  lung  of  the  bird,  in  Medico-chiroig. 
Transactions.     Tom.  XXXII.     1849. 

.  Ebfrth.  Ueber  den  feineren  Bau  der  Lunge  in  der  Zeitschrift  fiir  wissensch. 
Zoologie  von  Von  Siebold  und  Kdlliker.     1863. 

III. — The  Lungs  op  Reptiles  and  Amphibia. 

•  The  lungs  of  Reptiles  and  Amphibia  are  so  nearly  alike  in  their  histologi- 
cal relations  that  they  may  be  treated  of  here  together. 

In  the  continuous  series,  in  which  these  animals  may  be  classified  accord- 
ing to  the  structure  of  their  lungs,  the  Tritons  and  a  few  Perennibr«nchiata 
(Proteus,  Menobranchus)  occupy  the  lowest  gi*ade ;  each  one  of  their  lungs 

♦  Rainey  (in  the  Med.  chirurg.  Transactions,  1849,  p.  50)  expresses  the  view  that 
the  capillaries  traverse  the  air  spaces  entirely  independent  of  any  oonnective-tissae 
support 
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consists  only  of  a  simple,  saccular  eiilargement — with  perfectly  smooth  in- 
ternal walls — of  the  bronchus  that  leads  to  it.  The  other  Amphibia  also 
possess  saccular  lungs,  each  of  which  is  attached  to  its  bronchus  like  a  rasp- 
berry to  its  stem ;  they  differ,  however,  from  those  just  mentioned  in  having 
on  their  inner  side  a  network  of  ridge-like  elevations  of  unequal  height. 
The  highest  of  these  ridges  constitute  a  separate  system  of  polygonal, 
usually  quadrangular  compartments — the  .principal  meshes — at  the  bottom 
of  which  are  smaller  subdivisions,  enclosed  by  similar  ridges  of  less  height, 
which  start  from  the  principal  ridges ;  each  of  these  smaller  subdivisions  is 
in  turn  subdivided  into  still  smaller  compartments,  and  so  on,  until  finally 
thei*e  is  produced  a  number  of  rounded,  polygonal — usually  quadrangular  or 
pentagonal — niches  or  alveoli,  whose  flattened  bottoms  lie  inmiediately  upon 
the  wall  of  the  lung-sac.  The  ridges  which  constitute  the  side  walls  of 
these  alveoli  stand  upon  the  wall  of  the  lung  at  a  right  angle,  and  the  alve- 
olar openings  look  toward  the  general  air  cavity  of  the  lung-sac. 

In  the  elongated  tubular  lung  of  Snakes  and  Amphisbssna  the  thick- 
walled,  anterior  portion  is  characterized  by  the  depth  and  complicated  sti-uc- 
tiire  of  its  mesh-like  spaces.  The  sui'faces  of  the  principal  ridges,  which 
stand  at  right  angles  to  the  wall  of  the  limg,  are  not  smooth  as  in  the  Am- 
phibia, but  carry  along  their  sides  secondary  networks  of  ridges ;  hence  the 
alveoli  which  these  enclose  no  longer  rest  with  their  bases  upon  the  wall  of 
the  lung,  but  upon  the  wall  of  the  ridge,  and  moreover  their  openings  do  not 
look  toward  the  general  cavity  of  the  entire  lung-sac,  but  directly  into  the 
mesh-like  space  that  is  enclosed  by  the  principal  ridges  to  which  they  belong. 
Toward  the  posterior  end  of  the  lung  of  Snakes  and  Amphisbsana  the  entire 
network  of  ridges  again  becomes  simpler ;  they  gradually  diminish  in  height 
and  often  finally  disappear  altogether,  leaving  the  final  termination  of  the 
lung  a  mere  blind  membranous  sac  with  smooth  walls. 

While  the  lungs  of  many  Sautians  (Anguis  fragilis,  Lacerta  agilis,  Scin- 
cus  bistriatus)  do  not  ditfer  materially  in  the  construction  of  their  air  spaces 
from  the  simple  lung  of  the  Amphibia,  in  others,  as  for  instance  the  Cha- 
m^leontes,  the  general  cavity  of  the  lung-sac  will  be  broken  up  into  two 
or  more  large  compartments ;  this  separation,  which  is  not  perfectly  com- 
plete, is  accomplished  by  the  projection  of  one  or  more  large  septa  from  the 
wall  of  the  lung-sac  toward  the  mouth  of  the  bronchus — the  septa  them- 
selves, like  the  rest  of  the  pulmonary  wall,  being  lined  with  small  ridges 
enclosing  alveoli. 

In  Turtles  there  are  large  numbers  of  these  septa  traversing  the  entire 
cavity  of  the  lung  and  blending  perfectly  with  the  tubular  prolongation  of 
the  bronchus  into  the  pulmonary  cavity ;  these,  moreover,  are  so  arranged  as 
to  divide  each  lung  into  a  number  of  contiguous  blind  sacs — usually 
arranged  in  two  rows — which  no  longer  communicate  with  each  other  and 
can  only  be  entered  from  the  bronchial  prolongation. 

The  alveolar  parenchyma,  which  covers  the  inner  wall  of  these  several 
subdivisions,  is  constructed  in  a  similar  though  more  complicated  manner 
than  that  of  the  Snake's  lung.  Here  too  the  principal  ridges  do  not  possess 
simple  smooth  walls,  but  cany  on  their  side  surfaces  other  ridges  which  aro 
united  together  in  the  form  of  a  net ;  and  these  last  carry  other  ridges,  and 
80  on. 

In  the  Crocodile  the  alveolar  parenchyma,  though  constructed  on  the  same 
principles,  is  arranged  in  a  more  complicated  manner  and  is  more  richly 
developed ;  the  principal  air  spaces,  which  in  the  lungs  just  described  were 
shaped  like  a  sac,  here  become  nan'owed  down  to  rounded  passages,  yet 
without  forming  actual,  solid-walled  bronchi,  such  as  belong  to  Mammals. 
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In  all  R>eptiles  and  Amphibia  the  histological  basis  of  the  entire  lung 
tissue  consists  of  a  fibrous  connective  tissue,  interwoven  with  delicate  net- 
works of  elastic  tissue,  and  containing  stellate  pigment  cells  which  are  filled 
with  a  black,  granular  material.  In  some  animals  (e.g.  Salamandra  macu- 
lata  and  many  Frogs)  these  cells  are  very  abundant ;  in  others  (Cham»leon, 
Scincus,  Testudo  gneca,  Emys  europ.,  Coluber  natrix)  they  are  found  only 
in  small  numbers ;  while  in  others  still  (Lacerta  agilis,  Alligator  sclerops) 
they  are  wanting  altogether.  The  continuation  of  the  bronchus,  which  pi*o- 
jects  a  greater  or  less  distance  into  the  lung,  consists  in  Snakes  of  a  semi- 
cylinder,  in  Turtles  of  a  straight  tube,  perforated  with  round  openings,  and 
in  Crocodiles  of  a  somewhat  branching  tube ;  its  walls,  which. consist  mostly 
of  fibrous  connective  tissue,  contain  numerous  smooth  cartilaginous  (hya- 
line) rings,  which  anastomose  with  one  another  and  whose  sharp  confront- 
ing edges  are  connected  together  by  a  tense  mass  of  longitudinal  elastic 
fibres. 

Smooth  muacular  Hssiie  is  found  embedded  in  the  connective-tissue  stroma 
of  the  parenchyma  of  the  lung,  and  indeed  in  such  abundance  often  as  to 
constitute  the  chief  bulk  of  the  entire  tissue.  Already  in  the  simple  lung- 
sacs  of  the  Tritons  there  may  be  found  a  thin  layer  of  muscular  fibres  fol- 
lowing a  circular  coui'^e ;  *  but  in  all  the  lungs  that  possess  alveoli  strong 
muscular  bands  will  be  found  to  constitute  the 'main  supports  of  the  reti- 
form  ridges  which  enclose  alveolar  meshes,  and  they  are  especially  developed 
in  their  thickened  inner  free  borders.  These  strong  and  compact  main 
trunks  branch  out  into  thinner  bundles ;  and  even  the  latter  give  off  a  few 
isolated  muscular  fibres,  which  traverse  the  shallow  bottom  of  the  alveoli 
near  their  inner  surface. 

In  the  lungs  of  Keptiles  and  Amphibia  the  nerves  consist  of  medullated 
and  non-medullated  fibres,  in  the  course  of  which  may  be  recognized  hei-e 
and  there  small  collections  of  ganglion  cells ;  these  were  first  thoroughly  in- 
vestigated in  the  Frog's  lung  by  Julius  Arnold, f  who  described  them  as  bell- 
shaped  cells  with  granular  contents,  into  which  enters,  on  the  concave  side, 
a  darkly  outlined  nerve  fibre  whose  axis  cylinder  terminates  in  the  nucleo- 
lus. From  this  latter,  according  to  Arnold,  delicat.e  processes  are  given  off  ^ 
which  traverse  the  substance  of  the  nucleus  in  a  radial  direction,  and  are 
connected  with  a  system  of  delicate  threads  which  traverse  the  granular 
cell-contents  and  finally  terminate  in  another  nerve  fibre — the  so-called 
spiral  fibre — ^which  winds  around  the  straight  entering  fibre  in  spiral  turns. 

From  the  arterial  twigs  that  bring  the  venous  blood  to  the  lungs  there  is 
developed  a  capillary  network  which  is  distributed  uniformly  throughout 
the  wsJls  of  the  alveoli,  and  whose  irregularly  round  meshes  do  not  exceed 
in  breadth  the  diameter  of  a  capillary  vessel — ^which  differs  in  various 
animals  according  to  the  si^e  of  the  blood  coi-puscles.  This  i*e8piratory 
capillary  network  traverses  uninterruptedly  the  low  alveolar  septa,  whereas 
on  the  summit  of  all  the  higher  ridges,  on  the  internal  surface  of  the  tubu- 
lar continuation  of  the  bronchus,  and  also  in  the  posterior  portion  of  the 
lungs  of  Snakes  and  Amphisbsena,  it  passes  into  a  system  of  broad-meshed 
capillaries  whose  chief  function  is  probably  that  of  supplying  nourishment. 


*  In  accoidance  with  my  own  investigations  I  must  corroborate  the  statement  of  H. 
MUUer  {Wurzburger  natwno.  Zdtsehrift,  Bd.  ii,  p.  131),  who,  in  oppoBition  to 
Beichert  and  Leydig,  maintains  the  existence  of  a  thin  layer  of  clxcnlar  muscular 
fibres  even  in  Triton  tseniatus. 

t  Vircbow*8  Arehiv,  Bd.  xxviil,  p.  481, 1863 :  CmtromaU  fur  die  med.  Wisaeruch,^ 
1864,  No.  42 ;  Yirchow's  AreMv,  Bd.  zxzii.,  1864. 
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All  respiratoiy  capillaries  are  attached  to  the  wall  of  the  alveohis  by 
only  one  side  :  hence  the  greater  part  of  their  surface  would  project  free 
into  the  cavity  of  the  alveolus  if  they  were  not  completely  covered  by  a 
continuous  Jldttened  epithelium. 


Fig.  157. 


Fig.  157.  Portion  of  an  alveolus  from  the  lung  of  Rana  temporaria.  The  epithe- 
lium is  not  represented  on  the  left  side.  Magnified  ^  j^.  oa,  ends  of  capillaries ;  d, 
a  conglomeration  of  narrow,  cylindrical  epithelial  cells. 

The  edges  of  the  large  polygonal  cells  of  which  this  alveolar  epithelium  is 
composed  fit  each  other  exactly  ;  these  cells,  moreover,  give  off  thin  trans- 
pai-ent  plate-like  processes  which  extend  over  that  portion  of  the  surface  of 
the  capillaries  facing  the  aii-  cavity,  and  send  plug-like  prolongations — con- 
taining usually  the  nucleus  of  the  cell  together  with  a  certain  amount  of 
granular  protoplasma  surrounding  it — into  the  capillary  meshes ;  these  pro- 
cesses extend  deep  down  so  as  to  rest  upon  the  connective-tissue  stroma  of 
the  alveolar  wall,  and  thus  completely  fill  the  empty  spaces  of  the  capillary 
network. 


Fig.  158. 


Fig.  158.  Optical  transverse  section  of  an  alveolar  wall,  from  the  lung  of  Rana 
escalenta.  Hardened  by  osmic  add.  Magnified  *f^.  an,,  capillary  spaces;  bb^  the 
nucleated  plugs  of  the  epithelial  cells ;  c^  muscular  fibres  of  the  alveolar  wall. 

These  plug-shaped  processes,  which  contain  the  nucleus  and  granular 
protoplasma  of  each  cell,  may  usually  be  found  at  the  angles  of  the  individ- 
ual epithelial  cells,  so  that  several  plugs  can  lie  together  in  the  same  capil- 
lary mesh.  Still  many  cells  are  also  found  which  carry  their  nucleated  pro- 
cess more  in  the  centre,  and  with  it  fill  up  completely  a  capillary  mesh.* 

*  Although  the  results  of  my  investigations  essentially  agree  with  the  statements 
of  Elenz  and  C.  Schmidt  in  regard  to  the  pulmonary  epithelium  of  Amphibia,  yet  I 
most  differ  from  them  as  regards  the  alveolar  epithelium  of  the  Reptilian  lung,  for 
here  also  I  found  that  all  epithelial  cells — even  those  that  were  entirely  flat---were 
provided  with  nuclei,  and  I  was  unable  to  discover  any  structureless  non-nucleated 
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While  now  the  respiratory  sui-faces  of  the  Reptilian  and  Amphibian  lung 
are  covered  by  such  a  flattened  epithelium,*  the  free  borders  of  all  the 
higher  septa  and  ridges,  as  well  as  the  internal  surface  of  the  bronchial  pro- 
longation, are  covered  with  a  ciliated,  cylindrical  epithelium  which  is  usually 
rather  low  and  in  which  may  be  found  in  a  few  places  a  large  number  of 
beaker  cells.  The  entire  non-respiratoiy  posterior  portion  of  the  lung  of 
Snakes  and  Amphisbsena  is  lined  with  a  simple  though  continuous  layer  of 
small,  polygonal,  slightly  gi*anular,  flattened  epithelial  cells. 

Fig.  159. 


Fig.  159.  Epithelium  taken  from  the  inner  alveolar  wall  of  a  Testudo  gneca. 
Magnified  i^. 

Principal  icorks  on  the  minute  gtruciure  of  the  lungs  of  Amphibia  and  ReptU&t. 

J.  F.  Meckel.     Ueber  das  RespirationseyBtem  der  Reptilien  in  Meckel^s  Archiv. 

Bd.  IV.    1818. 
J.   F.   Meckel.    Beitrlige  znr  Geschichte  des  Bespirationssystemes  der  Amphibien. 

Meckel's  Archiv,  Bd.  V.    1819. 
Letdio.    Anatomisch-hiBtolog.  Unteisachungen  iiberFische  und  Reptilien.  1853. 
Williams.   Article  Respiration  in  Todd's  Cyclopsedia  of  anat.  and  physiol.   VoL  Y. 

1859. 
H.  MOller.    Wttrzburjrernaturw.  Zeitschr.     1861. 
Ebbrth.  Ueber  den  feineren  Bau  der  Lunge.  Zeitschr.  fiir  wissensch.  Zoologie  von 

V.  SiEBOLD  und  K5LLIKER,  Bd.  XII.    1863. 
Elenz.  Ueber  das  Lungenepithel.  Wurzbuiger  naturw.  Zeitechr.  Bd.    IV.    1863. 
J.Arnold.    ZurHistologie  der  Lunge.  Virchow's  Archiv.    Bd,  XXVIII.    1863. 
G.  'Schmidt.    De  repithelium  pulmonaire.     1866. 

IV. — The  Lungs  and  the  Air  Bladder  op  Fishes. 

The  lungs  of  Dipnoi  unite  anteriorly  into  one  common  cavity,  but  pos- 
teriorly they  constitute  separate  sacs.  On  their  internal  surface  they  pos- 
sess a  system  of  ridges  which  are  connected  together  like  a  net  and  enclose 
polygonal  alveolar  meshes;  while  anteriorly — as  is  the  case  in  the  Snake's 
lung — these  lidgea  are  so  arranged  as  to  form  a  complicated  system  of  sec- 
ondary alveoli,  some  of  which  may  also  be  seated  upon  the  side  walls  of  the 
pi-incipal  aii*  cells,  in  the  posterior  portion  they  all  run  at  right  angles  to 


plates.  By  filling  up  the  lungs  with  Mtiller's  fluid  and  likewise  immersing  them  in 
the  same  fluid,  not  only  is  the  epithelium  lining  the  respiratory  spaces  of  Amphibia 
and  Reptiles  rendered  perfectly  distinct  in  all  its  outlines,  but  it  even  becomes  i)os8ible 
to  separate  the  epithelium  either  partially  or  entirely  from  the  subjacent  parts  and  to 
dissect  it  into  its  individual  cells. 

*  Here  and  there  in  the  midst  of  the  alveolar  epithelium,  round  gfronps  of  cells 
(10  to  30)  are  met  with — most  frequently  in  the  Frog's  lung — which  have  a  more 
cylindrical  shape  and  entirely  fill  one  of  the  larj^er  capillary  meshes.  These  cells,  like 
the  beaker  celLs,  would  seem  to  possess  to  a  limited  extent  a  secretory  function  (fig. 
157  b). 
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the  walls  of  the  lung-sac  and  consequently  form  alveoli  which  only  open 
directly  into  the  general  air  cavity.  The  relations  of  the  finer  textures  in 
the  lungs  of  Lepidosiren  do  not  differ  materially  from  the  description  given 
of  the  lungs  of  Amphibia.  Here  also  the  groundwork  seems  to  consist  of 
a  fibrous  connective  tissue,  interspersed  with  large  stellate  pigment  cells. 
In  the  inwardly  projecting  ridges  dense  bands  of  smooth  muscular  tissue 
may  be  found  which  are  most  fiiUy  developed  in  the  neighborhood  of  the  free 
margins,  and  whose  bulk  increases  with  the  height  of  the  septa.  On  the 
internal  surface  of  the  alveolar  walls  and  lower  boundary  ridges  there  is 
spread  out  a  respiratory  capillary  network  whose  round  meshes  scarcely  ex- 
ceed the  diameter  of  a  capillary  in  breadth.  This  network  is  covered  with 
a  single  layer  of  large,  flattened  epithelial  cells,  which,  as  in  the  Amphibia 
and  Reptiles,  send  short  nucleated  processes  down  into  the  capillary 
meshes. 

The  air  bladder  of  Fishes,  although  purely  a  hydrostatic  apparatus  without 
respiratory  network,  is  yet  morphologically  closely  allied  to  the  lungs.  The 
microscopical  relations  of  the  textures  of  these  bladders  vary  just  as  much 
as  do  the  macroscopical.  At  one  time  the  air  bladder  consists  of  a  simple 
sac,  at  another  it  is  partitioned  off  by  indentations  and  deep  constrictions  ; 
again,  the  walls  may  be  perfectly  smooth,  or  the  internal  surface  may  be 
travei-sed  by  projecting  septa  and  ridges.  The  principal  tissue  of  which  the 
bladder  consists  is  a  dense  fibrous  connective-tissue  membrane,  situated 
usually  on  the  outermost  side  of  the  organ,  immediately  beneath  the  peri- 
toneum. This  layer  consists  of  long,  fine,  in  many  Osseous  fishes  peculiarly 
stiff  fibrils  of  connective  tissue,  which  at  one  time  all  run  parallel  to  each 
other  in  a  transverse  or  oblique  direction,  while  at  another  they  run  in 
liands  that  cross  each  other  at  right  angles :  in  the  latter  case  the  layer 
frequently  represents  two  perfectly  separable  layers — ^the  fibres  of  the  outer- 
most layer  running  longitudinally,  those  of  the  one  beneath  it  transversely. 

Occasionally  ossification  takes  place  in  this  outer  fibrous  layer,  as  for 
example  in  Cobitis  fossilis,  Acanthopsis,  Ophidium  imberbe;  in  Cobitis  it 
assumes  the  form  of  a  connected  capsular  gi*adng,  with  round  meshes. 

In  the  loose  fibrillated  connective-tissue  stroma  of  the  layers  which  come 
next  in  order — and  which  here  may  be  grouped  together  under  the  title  of 
the  internal  layer — elastic  lamellse  are  often  found  lying  parallel  to  the  sur- 
face ;  in  most  of  the  Osseous  fishes  these  remain  very  delicate,  while  in  some 
kinds,  especially  in  the  anterior  vesicular  portion  of  the  air  bladder  of  the 
Oyprinoids,  they  grow  to  be  compact  fenestrated  membranes.  Between 
these  elastic  lamellae — e.  g.  in  Esox  lucius,  Perca  fluv.,  Gadus  Callarias, 
Gadus  Zota,  etc. — peculiar,  oblong,  quadrangular,  delicate,  elastic,  small 
plates  are  often  found,  which,  with  the  exception  of  the  oval  nucleus  that 
usuaUy  occupies  the  centre,  are  completely  transparent  and  structureless, 
and  when  made  free  roll  themselves  up  like  a  leaf.  They  are  commonly 
found  piled  up,  one  on  top  of  the  other,  in  small  packages,  but  may  easily 
be  separated.  A  very  ])eculiar  connective- tissue  formation  exists  in  the 
thick,  satin-like  layer  of  the  Sturgeon's  air  bladder.  This  consists,  with  the 
exception  of  a  loose,  scanty,  fibrillated  connective-tissue  stroma,  entirely  of 
spindle-shaped,  comparatively  short,  in  the  centre  thick,  flattened  though 
rounded  fibres,  which  in  some  places  will  be  found  collected  into  closely 
packed  larger  bundles ;  while  in  others  they  may  easily  be  separated  into 
smaller  single,  uniformly  shaped  fibres.  Besides  some  small,  short,  dark, 
longitudinal  markings,  which  may  be  interpreted  as  perhaps  the  commence- 
ment of  connective-tissue  corpuscles,  no  real  structure  can  be  made  out  in 
these  strongly  refractive,  and — a  point  to  which  I  would  here  call  especial 
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attention — also  strongly  doubly-refractive*  elements.  When  boiled  and 
also  when  treated  with  acids  they  become  veiy  much  swollen  and  dissolve 
rapidly  into  gelatine. 

Muscular  tissue — at  one  time  of  the  transversely  striated,  at  another  of 
the  smooth  variety — ^is  mingled  in  various  ways  with  the  connective-tissue 
groundwork  of  the  air  bladders.  The  air  bladders  of  Polypterus  bichir  and 
Amia  are  suiTouuded  externally,  immediately  beneath  the  peritoneum,  by 
an  envelope  consisting  of  two  superposed  layers  of  transversely  striated 
muscular  fibres  which  cross  each  other  at  right  angles.  In  Amia  each  layer 
consists  of  only  a  single  thickness  of  fibres,  lying  side  by  side ;  while  in 
Polypterus  there  are  several  thicknesses.  In  a  thii*d  Ganoid — Lepidosteus 
osseus — bands  of  transversely  striated  muscular  fibi*es  lie,  not  on  the  exter- 
nal surface  of  the  air  bladder,  but  in  the  here  richly  developed  internal 
membranous  ]*idges  and  beams  which  surround  the  alveoli ;  these  muscular 
bands  are  connected  together  in  the  form  of  a  network  either  by  direct  com- 
munication, or  through  the  medium  of  tendinous  cords.  In  the  Sturgeon, 
however,  a  continuous  layer  of  smooth  muscular  tissue  will  be  found  in  the 
external  fibrous  layer.  A  few  Osseous  fishes — e.  g.  Trigla,  Dactyloptera, 
Zeus — ])ossess  sharply  outlined  plates  or  bands  of  transversely  striated  mus- 
cular tissue  only  in  certain  spots  of  the  external  suiiace  of  the  air  bladder ; 
while  others — the  Cyprinoids — possess  in  the  anterior  poi-tion  of  the  air 
bladder,  embedded  in  the  internal  layer,  in  the  median  line  of  the  ventral 
side,  a  long  band  of  smooth  muscular  fibres  which  run  in  a  ti*ansver8e  direc- 
tion ;  this  band,  moreover,  in  the  neighborhood  of  the  point  of  constric- 
tion,  spreads  itself  out  into  a  completely  circular  ring.  In  the  posterior 
portion  of  the  bladder  two  longitudinal  bands  may  be  found,  of  smooth  mus- 
cular tissue,  which  are  embedded  in  the  outermost  portion  of  the  external 
layer,  and  whose  fibres  run  transversely.  Again,  in  other  Fishes — e.  g.  Esox 
lucius,  Gadus  Callarias,  Perca  fluv. — a  continuous  thin  stratum  of  smooth 
muscular  fibres  is  found  in  the  inner  layer. f  Finally,  the  muscular  tissue 
may  be  entirely  wanting,  as  in  Cobitis  and  others. 

In  some  Fishes — e.  g.  Accipenser  and  SaJmo — ^the  vessels  which  supply  the 
air  bladder  always  originate  in-  the  aortic  system  and  consequently  cany 
arterialized  blood ;  they  break  up  into  a  simple  wide-meshed  capillary  net- 
work which  is  destined  to  supply  the  parts  with  nourishment  and  which 
finally  empties  its  contents  into  the  veins  of  the  trunk.  In  many  others, 
however,  peculiar  vascular  formations  are  met  with  in  the  outer  portion  of 
the  inner  layer  :  these  were  first  carefully  studied  by  Johann  Milller,  and  by 
him  placed  in  the  category  of  wonder-plexuses.  Arterial  vessels  break  up 
suddenly  into  at  one  time  diffuse,  at  another  more  localized,  radiating, 
fasciculated  or  tuft-shaped  systems  of  tubes,  from  which  are  developed — 
either  directly  or  after  their  union  into  a  few  lai^er  vessels — arborescent 
capillary  networks.  From  these  capillary  networks,  which  are  spread  out 
over  the  internal  surface  of  the  air  bladder,  proceed  venous  wonder-plexiises 
— either  directly  or  after  their  union  into  a  few  larger  veins— which  are  so 
interwoven  with  the  arterial  plexuses  that  a  transverse  section  of  the  entire 
wonder-network  shows  a  pretty  uniform  distribution  of  arterial  and  venous 
tubes  side  by  side. 

The  continuous  epithelial  covering,  which  lines  the  inner  surfEioe  of  every 


*  The  optical  axis  corresponds  to  the  long  axis  of  the  fibres,  which,  as  in  the  mus- 
cular fibres,  are  positively  doubly  refractive. 

f  Leydig  describes  in  Esox  a  layer  of  smooth  muscular  fibres  in  the  outer  layer, 
where  I  was  unable  to  find  them. 
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air  bladder,  consists  in  the  Sturgeon,  and  also,  according  to  Leydig,  in 
Polypterus  bichir,  of  ciliated  cylindrical  cells ;  in  the  Osseous  fishes,  how- 
ever, it  consists  of  a  single  layer  of  flattened  epithelial  cells  which  assume 
a  somewhat  different  character  over  the  capillary  plexuses  that  originate  in 
the  arterial  wonder-networks ;  that  is  to  say,  they  are  higher,  more  cuboid 
in  shape,  with  opaque  granular  contents,  and  therefore  more  like  gland  cells 
in  appearance.  Moreover,  their  glandular  function  is  rendered  still  more 
probable  by  the  circumstance  that,  like  glandular  epithelium,  they  completely 
line  the  fissure-like  or  pocket-shaped  depressions  in  the  capillary  body. 

Prmdpal  toorka  an  the  mmuU  structure  of  the  lungs  and  air  bladder  of  Fishes, 
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THE   KIDNEY. 


By  C.  LUDWia. 


Fig.  160. 


If  we  examine  the  fresh  kidney  of  a  Mammal,  after  it  has  been  cut  open 
from  the  papillsd  to  the  fibrous  capsule,  the  naJced  eye  will  readily  distin- 
guish on  the  cut  surface  the  striped  medullary  portion  from  the  granular 

cortex  ;  both  of  which  portions  are  arranged 
concentrically.  If  the  blood  and  urinary 
vessels  of  the  kidney  have  been  injected  with 
materials  of  a  different  color,  we  shall  notice 
fui-ther  subdivisions,  radiating  in  character, 
and  occupying  not  only  the  medullary  but 
also  the  cortical  portion. 

In  the  medullary  portion  bands  of  the  same 
color  as  the  material  injected  into  the  urini- 
ferous  canals  radiate  from  the  papilla  as  cen- 
tre toward  the  cortex. 

These  bands  are  contiguous  in  the  papilla 
and  a  little  beyond  it,  so  that  up  to  that 
point  the  medullary  portion  appears  uni- 
formly colored.  This  part  of  the  medulla  is 
called  the  papillary  portion.  The  farther 
these  bands  are  removed  from  the  papilla  the 
wider  apart  they  become  separated,  until  on 
nearly  reaching  the  cortex  they  run  at  dis- 
tances from  each  other  which  about  equal 
their  own  diameter.  The  spaces  between 
these  bands  are  filled  by  other  parts  whose 
color  is  the  same  as  that  with  which  the 
blood-vessels  are  injected.  The  part  of  the 
medulla,  in  which  the  bands  of  tubules  and 
blood-vessels  alternate,  is  called  the  houiulary 
portion  of  the  medulla.  In  the  cortical  por- 
tion there  are  also  bands,  which,  from  the 
direction  in  which  they  run  and  from  the 
intensity  of  their  color,  are  evidently  the  im- 
mediate continuation  of  the  bands  of  uri- 
niferous  tubules  in  the  medulla.  These 
bands  that  come  from  the  medulla  and  ex- 
tend almost  to  the  extreme  border  of  the  cor- 
tical portion  are  called  by  the  name  of  me- 
dtUla/ry  radii  (pyramidal  processes).  The 
spaces  which  remain  in  the  cortical  portion 
after  the  removal  of  the  aforementioned  parts  receive  their  color  chiefly 
from  the  material  injected  into  the  blood-vessels ;  to  this  part  we  wiU  give 


Fig.  160.  Section  of  a  Dog's 
kidney,  made  in  a  direction  par- 
allel to  the  urinif  erous  tubules 
and  blood-vessels,  both  of  which 
are  injected,  p,  papillary  por- 
tion ;  g^  boundary  portion  of  the 
medulla;  r,  cortex.  The  dark 
bands  of  the  medulla  (/^)  repre- 
sent bundles  of  uriniferous  ca- 
nals, which  are  continued  on 
into  the  codex  {m) — medullary 
radii  The  clear  spaces  in  the 
medulla  {b)  correspond  to  the 
positions  occupied  by  the  bun- 
dles of  blood-vessels  of  the 
boundary  portion.  The  clear 
spaces  of  the  cortex  (c),  which 
are  dotted  with  black  points 
(glomeruli),  designate  the  posi- 
tion of  the  labyrinth. 
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the  name  of  labyrinth  of  the  kidney  (coi-tical  portion,  in  the   narrower 
sense  of  the  term). 

By  directing  the  microscope  to  these  differently  colored  portions  it  will 
be  seen  at  once  that  each  of  them  consists  of  a  large  number  of  canals,  that 
commimicate  either  with  the  blood-vessels  or  with  the  iiriniferous  tubules. 
These  two  varieties  of  canals  make  up  by  far  the  gi*eatest  part  of  the  sub- 
stance of  the  kidney. 

Uriniferous  Tubules. — 1.  Course  and  diameter.  The  uriniferous  tu- 
bule, by  changing  frequently  its  course  in  its  passage  through  the  kidney, 
traverses  a  comparatively  very  long  distance  ;  in  one  part  of  its  course  it  re- 
mains isolated,  but  in  another  it  joins  with  the  neigh boidng  tubes  to  form  a 
common  canal.  At  the  same  time  it  changes  its  diameter  very  greatly  in 
the  different  localities  through  which  it  passes. 

All  the  uriniferous  tubules  originate  in  the  labyrinth.  Each  one  begins  as 
a  spherical  dilatation  (cai)sule  of  the  glomerulus).  After  passing  tlirough 
the  naiTow  neck  of  the  capsule  it  dilates  into  a  broader  tubule  which  follows 
a  very  winding  course  toward  the  medulla ;  on  reaching  the  boundary  por- 
tion this  curved  and  hitherto  broad  portion  of  the  tube  becomes  suddenly 
narrower,  and  runs  as  a  delicate  straight  canal  more  or  less  deep  into  the 
medulla  (descending  or  closed  branch  of  the  loop),  where  it  makes  a  sharp 
turn  (Hente's  loop)  and  then  returns  in  a  straight  direction  toward  and  into 
the  cortex  (ascending  or  open  branch  of  the  loop).  On  its  return  to  the 
cortical  portion  this  fine  canal  does  not  seek  the  same  spot  from  whence  it 
came ;  on  the  contrary,  it  avoids  the  labyrinth  and  hugs  the  margin  of  the 
nearest  medullary  radius.  Sooner  or  later,  however,  it  leaves  this  straight 
course  and  winds  its  way  as  the  so-called  intercalated  portion  among  the 
convoluted  canals  of  the  labyrinth.  From  here  it  returns  by  a  curved 
course  (the  convexity  of  the  curve  being  toward  the  external  surface  of  the 
kidney)  to  the  medullary  radius,  where  it  ceases  to  run  as  an  independent 
canal.  Other  canals  coming  from  different  directions  join  with  it  at  this 
point  to  form  tha  straight  and  broad  collecting  tube. 

Before  following  this  tube  any  farther  on  its  way  we  must  render  an  ac- 
count of  the  several  changes  in  diameter  which  the  tubule  has  undergone, 
from  its  first  commencement  in  the  cortex  to  its  final  junction  with  the  col- 
lecting tube  in  the  medullary  radius.  It  has  already  been  mentioned  that 
in  every  instance,  after  the  tubule  has  ceased  its  winding  convolutions,  and 
is  passing  down  toward  Henle's  loop,  it  undergoes  a  material  decrease  in  its 
diameter.  The  distance  through  which  it  retains  this  small  diameter  is  not 
in  all  cases  the  same.  Often  it  retains  the  contracted  diameter  as  far  as 
into  the  descending  branch  of  the  loop,  but  just  as  often  the  narrow  canal, 
already  before  reaching  the  loop,  will  expand  into  a  broader  one,  whose  dia- 
meter, however,  is  very  much  smaller  than  that  of  the  convoluted  portion. 
The  tubule  retains  this  new  calibre  nearly  up  to  the  point  where  it  passes 
through  the  convolutions  of  the  intercalated  portion.  When  about  to  com- 
mence these  convolutions  the  canal  becomes  a  trifle  narrower,  but  immedi- 
ately afterwards  commences  to  expand,  and  contiimes  to  do  so  almost  to 
the  very  periphery  of  the  region  in  which  the  intercalated  portion  lies.  In 
some  kidneys  this  dilated  portion  of  the  intercalated  tubule  presents  this 
remarkabli  feature,  that  its  hitherto  cylindrical  calibre  now  becomes  irregu- 
larly distended  at  different  points.  This  is  caused  by  the  dilatation  of  the 
wall  of  the  canal  into  small  pouches  which  vary  in  size  and  number.  In 
the  last  coil  made  by  the  intercalated  tubule,  before  joining  the  collecting 
tube,  its  calibre  again  becomes  narrowed  for  a  short  distance. 
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In  its  coiirse  as  an  isolated  tubule  the  diameter  of  the  canal  changes  seven 

times,  viz. :  (1),  narrowing  from  the 
Fig.  1 81 .  capsule  to  the  neck ;  (2 ) ,  enlargement 

from  the  neck  te  the  convoluted  por- 
tion; (3),  narrowing  at  the  point 
where  it  proceeds  towai'd  the  loop ; 
(4),  enlargement  on  its  approach  to 
the  open  branch  of  the  loop ;  (5), 
narrowing  at  the  commencement  of 
the  intercalated  convolutions ;  (6), 
enlargement  in  the  coui-se  of  the 
convolutions;  and  finally,  (7),  nar- 
rowing on  ite  passage  from  the  in- 
teix^lated  portion  to  the  collecting 
tube. 

We  must  return  now  to  the  de- 
scnption  of  the  collecting  tube. 
This  is  formed,  as  we  have  already 
seen,  by  the  union,  at  the  cortical 
end  of  the  medullary  radius,  of  sev- 
eral hitherto  isolated  tubules  in  a 
similar  manner  to  the  union  of  the 
branches  at  the  top  of  a  tree.  For 
a  short  distance  from  its  commence- 
ment the  collecting  tube  still  re- 
ceives a  few  tubules,  but  after  that 
it  runs  as  an  isolated  and  straight 
tube  as  far  as  into  the  papillary 
portion,  remaining  all  the  time  in 
the  tract  of  a  medullary  radius. 
When  the  several  collecting  tubes 
have  reached  the  papillary  portion 
they  commence  to  unite,  and  this 
continues  to  take  place  until  in  the 
Fig.  161.  Diagrammatic  representation  of  pla^«  ^^  originally  a  large  number  of 
the  course  of  the  urinif erous  tubules ;  Hu-  tubes  there  remain  only  a  few.  This 
man  kidney,  p,  papillary  portion ;  g,  boun-  union  of  the  tubes  is  always  two- 
dary  portion  of  the  medulla;  r,  cortex.    I,    ^left.       At    first    all    the  collecting 

Capsule  of  the  glomerulus,  which  beoomefl   x,  v^„  .y,    i:«  „: j^  u„  «:j^  : ^ 

co^tricted  at  ite  neck,  and  then  passes  in-  *;^^es  that  lie  side  by  side  m  a  me- 
te the  convoluted  portion  of  the  canal,  II.  dullary  radius  unite  together,  and 
At  the  boundary  between  the  medullary  then  the  principal  tubes  of  two 
and  cortical  portions  the  convoluted  canal  neighboring  medullary  radii,  and  so 
becomes  narrower  and  then  pursues  a  ^^  ^he  terminal  canals  resulting 
straight  course  as  the  descending  branch    «  ...  i*  . v      .    i    i       x 

III  of  Henle's  loop:  after  pasdnl through  "'^^^  *^18  ^"^^^  ^^  ^^^  tubules  two 
the  loop  (/t)  it  retraces  its  course  as  the  by  two— the  so-called  ductus  papil- 
ascending  branch  IV.  To  this  is  attached  lares — finally  open  on  the  free  sur- 
the  Intercalated  piece  V,  which  approaches  ft^  ^f  the  papillae.  As  to  the  di- 
the  summit  k  of  the  collecting  tube  VI  by  ^^pi^-  fu^  t.\'  u^i^g  -^^j  that  the 
an  outwardly  arching  course.  The  coUeot-  ^^^T^r,  tne  rule  noias  gooa  tnat  tne 
ing  tube  then  unites  with  others  VII  of  the  canal  is  a  little  broader  than  either 
same  medullary  radius  to  form  the  prin-  of  the  two  canals  whick  unite  to 
cipal  tube  VIII,  which  in  turn  unites  with  form  it. 

other  Principal  tubes  to  form  the  papilhuy  2.  The  eroupine  of  the  tubules 
duct  IX  .    .  .     .0.      *^    o  A     r     VL  J 

into   primitive   cones.      A   limited 

number  of  uriniferous  tubules  bear  a  more  intimate  relation  to  one  another 
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Fig.  162. 


than  to  all  the  rest.  This  relationship  is  expressed  by  tlie  fact  that  all  their 
collecting  tubes  run  side  by  side  in  the  same  medullary  radius,  and  finally 
pour  their  contents  into  a  single  excretory  duct.  But  even  in  their  isolated 
course  the  tubules,  which  form  by  their  union  the  collecting  tubes  of  a  me- 
dullary radius,  are  arranged  in  such  a  manner  that  they  can  be  readily  recog- 
nized as  belonging  together.  All  the  parts  belonging  to  such  a  subdivision 
present  in  their  totality  somewhat  the  appearance  of  a  cone  or  bottle,  whose 
apex  or  neck  is  located  in  the  papilla^  while  its  base  is  in  the  cortex.  In- 
asmuch as  the  kidney,  so  far  as  its  tubular  composition  is  concerned,  is  to 
be  looked  upon  as  an  aggregation  of  many  such  primitive  cones,  it  will  be 
necessary  to  learn  their  structure  in  order  to  understand  the  kidney.  In 
describing  it  we  shall  commence  at  the  papillary  end  of  the  tubules  and 
proceed  toward  the  cortex. 

Each  of  the  principal  tubes,  by  whose  union  the  pa- 
pillary ducts  are  formed,  approaches  the  centre  of  the 
transverse  section  of  the  medullary  radius  either  just 
above  the  papilla  or  still  within  it.  At  this  point  the 
principal  tubis  receives  a  number  of  accessory  branches. 
So  fai"  as  we  know,  this  branching  takes  place  within 
a  limited  region  of  the  medulla,  so  that  each  collecting 
tube  gains  its  independence  a  short  distance  above  the 
papilla.  All  the  collecting  tubes  that  start  from  one 
main  trunk  run  in  close  proximity  and  parallel  to  one 
another  almost  to  the  very  periphery  of  the  kidney ; 
they  constitute  the  chief  part  of  the  bundle  of  tubes 
which  is  designated  by  the  name  of  medullary  radius. 
On  reaching  the  peripheiy  the  collecting  tube  breaks 
up  into  a  number  of  uniform  branches,  each  of  which 
will  then  run  as  an  isolated  uriniferous  tubule  as  far  as 
to  its  very  end. 

Each  of  the  uriniferous  tubules,  on  leaving  the  col- 
lecting tube,  makes  a  short  arch  and  then,  as  the  inter- 
calated piece,  winds  its  way  along  the  base  of  the  cone, 
as  far  as  to  the  very  periphery  of  the  kidney,  so  that  on 
penetrating  fi'om  its  tibrous  capsule  into  the  kidney,  the 
first  thing  one  meets  is  convoluted  tubules,  the  greater 
pai-t  of  which  belong  to  the  intercalated  variety.  From 
this  region  the  intercalated  tubules  return  again  to  the 
axis  of  the  cone  (medullary  radius),  where  they  assume 
a  straight  course,  and  pass  down  through  the  spaces 
that  remain  between  the  coUectiug  tubes,  in  the  medul- 
lary radius.  After  passing  down  a  certain  distance  into 
the  medullary  portion  they  commence  to  form  loops,  and 
this  change  takes  place  in  such  a  manner  that  thioughout  the  entire  boun- 
dary portion  of  the  medulla,  canal  after  canal  forms  itself  into  a  loop. 
That  branch  of  the  loop  which  passes  up  toward  the  convoluted  portion  of 
the  tubule,  continues,  after  making  the  loop,  to  lie  near  its  appropriate  bun- 
dle of  collecting  tubes,  but  soon  it  gradually  leaves  it  to  continue  its  final 
course  as  convoluted  tubule.  In  the  cortex  these  convoluted  tubules  sur- 
round the  medullary  radii  like  a  sheath,  in  so  far  as  they  are  not  already 
enveloped  by  the  coils  of  the  intercalated  tubules. 

3.  The  arrangem»^nt  of  primitive  cones  in  pyramids  or  renculL 

If  we  bear  in  mind  that  the  principal  tubes  of  the  primitive  cones  join 
together  in  the  papilla  to  form  papillary  ducts,  we  can  readily  understand 


Fig.  162.  Dia- 
grammatic repre- 
sentation of  the 
course  pursued  by 
the  uriniferous  tu- 
bules in  the  forma- 
tion of  a  primitive 
cone. 


Digitized  by 


Google 


464 


TIIK   KIDNEY. 


Fig.   163. 


how  a  pyramid  is  formed  by  the  juxtaposition  of  numerous  primitive  cones, 
each  one  of  which  is  connected  with  a  single  duct  or  papilla.  In  this  con- 
nection thei*e  are  only  two  points  that  require  special  consideration.  The 
first  relates  to  the  origin  of  the  slit-shaped  spaces,  which  occur  in  the  boun- 
dary portion  of  the  medulla  and  are  filled  with  blood-vessels.  They  are  pro- 
duced in  the  following  manner.  At  the  point  where  the  cortex  ceases,  the  medul- 
lary radius  also  loses  abruptly  the  sheath  of  cortical  substance  which  has  up 
to  that  point  surrounded  it.  Tlie  mantle  of  the  primitive  cone  therefore 
undergoes  a  decided  constriction  at  this  point,  similar  to  that  which  occurs 
in  the  passage  from  the  body  to  the  neck  of  a  bottle.  If  we  imagine  two 
or  more  such  flask-shaped  bodies  laid  side  by  side  in  such  a  manner 
that  their  bellies  and  the  tips  of  their  necks  touch,  there  must  necessarily 
remain  a  space  between  every  pair,  just  at  the  point  where  the  bodies  pass 
into  the  necks.  The  other  point  relates  to  the  manner  in  which  the  collecting 
and  urinary  tubes  join  together  to  form  papillary  ducts,  the  peculiarity  of 
which  is  necessitated  by  the  rounded,  blunt  shape  of  the  papilla.  The  way 
in  which  this  takes  place  is  well  illustrated  in  the  accompanying  figure, 
which  represents  a  longitudinal  section  through  the  papilla ;  by  reference 
to  this  it  will  be  seen  how  the  tubes,  coming  from  all  sides  and  usually  by 
crooked  routes,  unite  to  form  the  short  and  few  papillary  ducts. 

4.  Structure  of  the  wall  of  the  urini- 
ferous  tubule.  The  uriniferous  tubule 
changes  the  structural  character  of  its  wall 
as  frequently  as  it  does  its  diameter  or  the 
direction  of  its  route.  The  thin  wall  of 
the  spherical  capsule,  so  far  as  we  are  able 
to  learn  its  structure,  consists  simply  of  a 
mosaic  of  cells,  similar  to  that  of  which  the 
blood-  and  lymph-capillaries  are  composed ; 
its  outer  surface  is  woven  over  with  con- 
nective-tissue. This  connective-tissue  is 
most  strongly  developed  about  those  cap- 
sules which  Ue  nearest  to  the  medulla. 
The  coil  of  vessels  enclosed  within  the 
capsule  also  possesses  its  own  special  enveloping  membrane,  which  fits 
closely  to  the  vessels.     We  shall  speak  of  it  fai-ther  on. 

From  the  neck  of  the  capsule  down  to  the  very  beginning  of  the  papillary 
duct,  the  wall  of  the  canal  consists  of  a  basis  membrane  (tunica  propria)  and 
of  an  epithelium  lining  its  inner  surface.  With  the  means  of  dissection  at 
our  command  the  basis  membrane  appears  as  a  rule  homogeneous  ;  only  now 
and  then  do  we  succeed  in  demonstrating  by  the  aid  of  carmine  imbibition 
the  presence  of  a  nucleus  in  the  substance  of  the  membrane.  With  a  solu- 
tion of  silver  we  can  sometimes  bring  to  view  in  the  convoluted  tubules, 
though  only  for  a  short  distance,  the  same  design  which  characterizes  silver- 
treated  blood-  and  lymph-capillaries.  The  basis  membrane  is  hyaline,  elastic 
and  very  easily  made  to  swell ;  it  can  be  readily  obtained  alone. 

The  epithelium,  lining  the  inner  surface  of  the  basi&  membrane,  is  nucle- 
ated and  consists  of  a  single  layer.  ITie  shaj)e  of  the  nuclei  is  everywhere 
the  same  ;  they  are  spherical,  sharply  outlined,  and  possess  in  their  interior 
numerous  granules.     The  body  of  the  cell,  on  the  other  hand,  varies. 

In  the  convoluted  tubules  the  nuclei  are  embedded  at  tolerably  regular  dis- 
tances from  one  another  in  a  pulpy  mass.  In  this  mass  there  are  numerous 
fissures,  which  can  be  seen  in  every  transverse  section,  but  are  especially 
distinct  when  filled  with  the  coloring  matter  that  has  been  injected  into  the 


Fig.  163.  Junction  of  the  ter- 
minsd  urinary  canals  in  the  papilla, 
Diogramiuatic. 
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oriniferous  tubules.  These  fissures  occur,  however,  at  very  irre^lar  intervals ; 
in  a  word,  the  breaking  up  of  the  mass  into  cell-bodies,  each  one  surrounding 
its  a|>propTiate  nucleus,  seems  here  to  be  wanting.     The  epith(^lial  pulp  is 

[Pig.  164. 


Fig.  164.  Capsule  of  the  glomerolns,  from  a  Eabbit's  kidney ;  silver-treated  and 
tinged  with  carmine. — The  endothelial  cells  of  the  capnular  wall  {ft) ;  in  some  caaes, 
with  oval  nuclei  («')•  The  endothelium  is  continued  on  iiito  the  neck  {h). — The  vae 
aflferens  {v)  shows  at  v'  the  silver  markings  which  enclose  the  muscular  rings  ;  at «?  it 
only  shows  the  outlines  of  its  endothelium.  In  the  vas  efferens  (e)  the  silver  lines 
surround  the  spindle-shaped  endothelial  cells. 


Fig.   165. 


Fig.    166. 


Fig.  165.  Tunica  propria  of  a  con- 
viduted  niiniferoufl  tnbule;  detached 
epithelial  mnMow  are  contained  within 
it. 


Fig.  166.  An  isolated  portion  of  a  con- 
voluted tubule,  stiU  filled  with  its  epithe- 
lium. MoistexMd  with  very  dilute  hy^- 
QhloBoacid. 
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only  loosely  attached  to  the  basis  membrane,  and  in  a  fresh  condition  it  can 
easily  be  forced  out  of  the  isolated  fi*agments  of  tubules.  If  this  is  ac- 
complished by  a  shrinking  of  the  tunica  propria,  then  the  masses  of  lining 
substance  that  have  been  driven  out  appear  as  long,  cylindrical,  firmly  co- 
herent pieces. 

The  extent  to  which  the  epithelial  mass  encroaches  upon  the  calibre  of 
the  canal  depends  on  the  amount  of  stretching  the  tubule  may  have  been 
subjected  to.     If  the  tubule  has  been  put  upon  the  stretch  by  the  artificial 

production  of  a  uiinary  stasis,  the  ring 
¥\g,  167.  of  epithelium  lining  the  canal  will  be 

narrow;  if  the  kidney,  however,  was 
empty  before  death,  the  same  ring  will 
appear  broader.  The  pulpy  lining  must 
therefore  be  intimately  connected  with 
tlie  basis  membrane,  following  as  it  does 
all  its  changes  in  form.  The  material 
composing  the  pulpy  cell-bodies  is  not 
homogeneous ;  besides  numerous  oil 
drops  there  will  be  found  in  the  amor- 
phous basis  substance  other  dark  gran- 
ules, which  can  be  cleared  up  by  dilute 
acids.  These  deposits  produce  such  a 
degree  of  opacity,  that,  as  a  nile,  with- 
out previous  acidulation  it  is  impossible 
to  recognize  the  nuclei ;  this  character- 
istic has  procured  for  the  lining  of  the 
convoluted  tubules  the  name  of  dusky 
epithelium. 

In  the  narrow  tubules  that  lead  to 
and  return  from  Henle^s  loop,  there  is 
found,  in  the  place  of  the  dark  and  solid 
epithelium  just  desciibed,  a  transparent 
and  thin  epithelium,  lining  the  wall  of  tubule  in  a  continuous  sheet,  but 
bulging  out  into  the  calibre  of  the  canal  wherever  there  happens  to  be  a 
nucleus. 

At  that  point  beyond  the  loop,  where  Fig.  168. 

the  diameter  of  the  uriniferous  tubule 
again  becomes  greater,  the  mass  of  sub- 
stance surrounding  the  nuclei  is  broken  up 
in  a  peculiar  manner,  so  that  midway  be- 
tween every  two  nuclei  there  is  seen  a 
fissure  which  extends  down  to  the  wall  of 
the  canal  and  forms  with  it  an  acute  angle, 
open  toward  the  cortex.  This  gives  to  the 
epithelium  the  appearance  of  being  com- 
posed entirely  of  individuiBi^l  cylindrical 
oells^  which  have  been  made  to  overlap 
one  another  in  the  direction  from  the  me- 
dulla to  the  cortex,  like  the  tiles  of  a  roof. 
In  the  tubules  of  the  intercalated  por- 
tion the  epithelial  lining  again  assumes 
the  pulpy  appearance  which  characterized 
it  in  the  convoluted  portion.  In  the  col- 
lecting tubes,  afi  far  as  to  the  papillary 


Fig.  167.  Section  through  the  cor- 
tioal  canals  of  a  fresh  kidney,  showmg 
the  dusky  epithelial  layer.  The  spher- 
ical nuclei  are  not  visible;  in  the 
broader  canaliculi  the  fissures  occur 
at  irregular  intervals  in  the  epithelial 
mass,  but  in  the  narrower  ones  they 
oocur  at  regnlar  intervala 


Fig.  168.  An  isolated  portion  of 
a  narrow  uriniferous  tubule,  with 
delicate,  thin,  transparent  epitheli- 
um, and  alternating  swellings  due 
to  the  presence  of  nuclei. 
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ducts,  the  epithelium  consists  of  sharply  defined  cylindrical  cells  which  lie 
with  their  broad  bases  resting  on  the  basis  membrane  and  their  stumped 
apices  turned  toward  the  lumen  of  the  canal.     In 
the  papillary  ducts  the  canals  lose  their  basis  mem-  Fig.  109. 

brane,  so  that  here  the  epithelium  alone  consti- 
tutes the  wall  of  the  canal ;  this  is  similar  to  what 
takes  place  in  the  sudoriferous  glands  where  the 
epidermis  forms  the  continuation  of  the  canal. 

Inasmuch  as  the  uriniferous  tubules  of  all  Mam- 
mals can  be  referred  to  the  above  plan,  as  regards 
their  structure,  course,  and  arrangement,  we  should 
expect  that  the  kidneys  of  the  different  varieties  of 
Mammals  would  resemble  each  other  in  their  small- 
est details,  provided  the  dimensions  in  thickness 
and  length  of  the  tubules  were  also  everywhere 
the  same.  The  only  difference  would  then  be  in 
the  number  of  the  tubules  which  go  to  form  a  kid- 
ney. These  premises,  however,  do  not  accord  with 
the  facts ;  the  striking  differences  which  exist  be- 
tween the  kidneys  of  different  Mammals  prove  that, 
in  respect  to  the  dimensions  of  the  primitive  urini- 
ferous tubules,  a  large  margin  is  allowed  this  class 
of  animals.  The  most  superficial  estimates,  made: 
from  transverse  or  longitudinal  sections  through 
the  kidney,  teach  that  not  only  the  absolute  di- 
mensions of  length  and  tliickness  vary  in  differ- 
ent kidneys,  but  that  also  the  relations  which  the 
lengths  of  the  different  portions  of  the  canal  bear 
to  each  other  ai'e  variable.  And  besides,  inde- 
pendently of  everything  else,  this  point  is  proven  by  the  varying  proportions 


Fig.  169.  From  an 
ascending  branch  of  the 
loop ;  to  show  the  arrange- 
ment of  the  epithelial 
cells,  piled  up  on  top  of 
each  other  like  the  tiles 
of  a  roof. 


Fig.  170.  Transverse  section  of  the  meduUaiy  portion  (fresh),  showing  the  epitlie- 
liom  of  the  nriniferoos  tnbules  in  that  locality.  The  dark  oircnlar  objects  are  trans- 
verse sections  of  blood-vessels  (6).  The  epitheliom  is  perfectly  dear,  so  that  the 
ciTcalar  outlines  of  the  spherical  nuclei  may  be  seen  through  them.  (jR),  Collecting 
tabes :  the  individoal  epithelial  cylinders  are  distinctly  separated  from  each  other. 
(«),  Narrow  and  broad  branches  of  the  loop.  *  Between  the  oanaliooli  runs  a  layer 
of  fibrillated  connective  tissue. 

of  cortical  to  medullary  substance  in  different  kidneys.     It  will  be  impossi- 
ble to  arrive  at  any  more  accurate  results  concerning  these  for  the  function 
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of  the  kidney  undoubtedly  so  important  measurements,  until  we  shall  be 
able  to  isolate  the  uriniferous  tubules  more  readily  and  in  a  less  brittle  con- 
dition than  is  to-day  practicable. 

From  the  information  that  has  been  gathered  oonceming  the  anatomy  of  the  mi- 
niferouB  tabnlee  in  other  daaaes  of  Vertebrates,  the  following  points  deserre  to  be 
mentioned  here : — 


The  diagrammatic  outline  drawing  (Fig.  171  D  *)  is  taken  from  a  Doyens  kidney.  It 
will  be  noticed  at  once  how  strong  the  resemblance  is  to  the  uriniferous  tubule  of 
Mammals.  The  seyeral  subdivisions  which  we  make  in  the  latter  are  lUso  to  be  found 
here,  and  they  occur  in  the  same  order.  The  same  agreement  is  preserved  in  the  epi- 
thelium of  the  two  kidneys.  As  far  as  our  present  knowledge  goes,  the  uriniferous 
tubules  of  all  Birds  are  made  on  the  same  plan  as  those  of  the  Dove. 

Fig.  171  C  represents  the  course  followed  by  the  uriniferous  tubules  in  the  kidney 
of  the  Testudo.  The  capsule  and  its  neck  I,  the  swollen  and  tortuous  portion  of  the 
oanal  II,  tiie  narrowing  into  which  it  next  passes  III,  the  broadening  which  then 
succeeds  it,  and  which  occurs  just  before  its  union  with  the  collecting  tube — all  these 
are  likewise  present  here.  This  diagram  differs  from  that  of  Mammals  only  in  two 
respects :  the  outlines  of  the  convoluted  portion  of  the  tubule  are  sinuated  and  not 
smooth ;  and  the  narrow  portion  which  lies  between  it  and  the  intercalated  portion  is 
differently  formed  from  the  loop  in  the  kidney  of  Mammals.  In  the  neck  of  the  cap- 
sule of  the  Tartlets  kidney  the  epithelium  is  low ;  in  the  convoluted  portion  it  is 
deep  and  sometimes  pigmented ;  in  the  narrow  portion  it  is  dear  and  low. 

Fig.  171  B  represents  the  uriniferous  tubule  of  the  Fr^.  The  dongated  capsule 
passes  into  the  convoluted  tube  II,  through  the  elongated  neck  I.  The  convoluted 
tube  becomes  narrowed  on  arriving  at  portion  III,  and  then  gradually  broadens  out 
again  into  a  second  subdivision  V,  which  possesses  numerous  convolutions  and  termi- 
nates in  the  collecting  tube.  The  wall  of  the  capsule  is  surrounded  by  a  strong  layer 
of  connective  tissue ;  its  epithelium  is  low  and  clear,  and  often  provided  with  cilia. 
In  section  II  the  epithelium  consists  of  deep  polygonal  cells;  in  III  it  is  low  and 
clear ;  while  in  the  analogon  of  the  int<ercalated  portion  it  is  deep  and  opaque. 

In  the  course  which  they  pursue  and  in  their  construction,  the  uriniferous  tubules 
of  the  Triton  are  veiy  similar  to  those  of  the  Frog. 

Fig.  171  A.  Diagram  of  the  uriniferous  tubules  of  CobitiB  fossilis.  The  capsule  is 
relatively  small,  the  neck  very  long.  From  the  neck  to  the  collecting  tube,  the  tubule 
fellows  a  winding  course ;  at  the  commencement  and  at  the  end  it  has  a  comparatively 
large  diameter,  but  in  the  middle  of  its  course,  for  a  short  distance,  it  is  somewhat  nor- 


*  The  group  of  figures  included  under  No.  172  were  desifaed  by  Hufner. 
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rower.      The  depth  of  the  epithelium  corresponds  to  the  diameter  of  the  canal ;   it  is 
everywhere  clear. 

The  simplest  kidney  known  to  ns  belongs-  to  Bdellostoma  Fosteri ;  its  urinif erous 
taboles  consist  of  a  capsule  whose  neck  passes  into  a  broad  tube  which  runs  a  short 
distance  and  then  joins  the  collecting  tube.  Concerning  the  epithelium  of  this,  the 
most  primitive  of  kidneys,  nothing  is  known. 

Blood- Vbssels. 

As  a  rule  the  kidney  is  supplied  with  blood  by  the  renal  arteiy  ;  under 
certain  circumstances,  however,  it  can  be  nourished,  though  perhaps  only 
partially,  by  the  lumbar  and  suprarenal  ai'teries,  whose  delicate  branches 
anastomose  with  those  of  the  renal  artery  on  the  tendinous  capsule  of  the 
kidney.  Although  the  medullary  and  cortical  portions  and  the  tendinous 
capsiile  of  the  kidney  are  supplied  from  one  main  trunk,  yet  the  capillary 
bi-anches  and  arterioles  are  distributed  in  a  special  manner  in  each  of  these 
three  parts. 

Blood- Vessels  of  the  Cortical  Pobtion. — ^The  renal  artery  sends  by 
far  the  greatest  part  of  its  blood  through  the  cortical  portion  ;  the  main 
branches  that  supply  it  do  not  stop  on  the  way  to  form  plexuses,  but  pass 
straight  on  into  the  cortical  portion,  where  they  break  up,  very  soon  after 
their  entrance,  into  numerous  small  arteries,  the  arteriolas  interlobulares. 

In  a  section  of  the  kidney,  where  the  cut  has  been  made  in  a  direction 
parallel  to  the  last-named  arteries,  they  can  be  seen  running  between  every 
two  neighboring  medullary  radii ;  in  otiier  words,  their  course  as  a  general 
rale  lies  where  several  primitive  cones  border  on  each  other.  By  far  the 
greater  portion  of  these  branches  become  invisible  to  the  naked  eye  so  soon 
as  the  medullaiy  radii  cease ;  a  few  of  them,  however,  pierce  through  the 
outermost  layer  of  the  cortical  portion  and  enter  the  tendinous  capsule. 
Every  art.  interlobularis,  on  its  way  through  the  convoluted  tubules,  gives 
off  branch  after  branch  in  i*apid  succession,  that  is,  just  as  often  as  it 
passes  near  the  dilated  end  of  a  convoluted  tubule  (capsula  glomeruli). 
Hence  all  the  aii;.  interlobulares  distribute  to  the  cortical  portion  at  least 
as  many  branches  as  there  are  commencements  of  uriniferous  tubules  there ; 
it  is  likewise  very  probable  that  no  other  branches  besides  these  are  given 
off  by  them  in  the  cortical  space. 

Each  of  these  arterial  tenninal  branches  (vas  afferens  glomeruli)  runs  in  a 
straight  course  from  the  point  where  it  is  given  off  to  the  nearest  terminal 
dilatation  of  a  uriniferous  tubule.  Some  of  these  very  numerous  vasa 
afferentia,  before  reaching  the  spherical  end  of  the  uriniferous  tubule,  give 
off  a  very  delicate  branch  which  breaks  up  at  once  into  capillaries  that  send 
their  blood  into  the  network  of  capillaries  surrounding  the  uriniferous 
tubules.  But  all  vasa  afferentia,  whether  they  have  previously  given  off  a 
branch  or  not,  pass  directly  to  the  terminal  dilatation  of  the  uriniferous 
tubule  and  pierce  its  wall  directly  opposite  the  commencement  of  the  convo- 
luted tubule  (the  neck).  Once  within  this  space,  the  vas  afferens  breaks  up 
into  a  bundle  of  capillaries  (glomerulus)  which  unite  again  within  the  hol- 
low of  the  capsule  to  form  a  small  venous  branch  (vas  efferens  glomeruli). 
This  small  vein,  which  is  of  about  the  same  size  as  the  vas  afferens,  lies  in 
close  contact  with  the  latter  from  its  very  start,  and,  as  a  rule,  pierces  the 
eapsule  at  the  same  spot  where  the  vas  afferens  enters  it. 

Ck>nceming  the  arrangement  of  the  vessels  within  the  glomerulus,  the 
following  only  is  known.  Immediately  after  its  entrance  into  the  spherical 
dilatation  of  the  uriniferous  tubule,  the  vas  afferens  breaks  up  into  from  4 
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Fig.  172.  Diagram  of  the  oirculation  of  the  blood  in  the  kidney,— ai^  arteria  inter- 
lobnlaris,  which  gives  off  numerouB  vasa  afferentia  to  the  glomenili  g  ;  the  yas  efferena 
coming  from  the  latter  empties  its  blood  either  into  the  wide-meshed  capillary  net- 
work of  the  medullary  radii,  or  into  the  narrow -meshed  plexus  of  the  convoluted 
canala  At  the  periphery  of  the  cortex  these  plexuses  unite  to  form  the  Venn 
BteUatae  m  ;  while  in  the  labyrinth  of  the  cortex  they  empty  their  blood  into  the  Ven» 
interlobulares  vi.  Two  sets  of  vessels  penetrate  into  the  medulla :  the  art.  rectsB  verse 
O^,  from  the  renal  artery,  and  the  vasa  efferentia  of  those  glomeruli  which  surround  the 
meduUa  ar' .  From  the  arterial  bundle  ah  of  art.  rectse  originate  the  capillaries  which 
supply  the  uriniferous  canals  of  the  medulla.  These  various  networks  then  reiom 
their  blood  through  the  Yenuls  rectsB,  very  many  of  which  are  grouped  together  in  a 
bundle  xib.  The  branches  of  this  bundle  unite  into  a  single  small  venous  trunk  vr^ 
which  pours  its  contents  into  a  larger  renal  vein. — The  mouths  of  the  urinary  canala 
in  the  Papilla  are  surrounded  by  a  venous  network  «p. 
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to  8  branches,  which  proceed  toward  the  neck  of  the  canal  in  the  most 
arching  manner  and  with  the  greatest  divergence  possible.  On  its  way  every 
branch  gives  off  numerous  twigs,  and  the  latter,  as  it  appears,  gi-adually  unite 
in  the  centre  of  the  capsular  space  to  form  the  vas  efferens.  The  capillaries 
which  originate  from  one  of  the  main  branches  of  the  arterial  vas  afferens 
very  frequently  unite  again  to  form  a  single  vein,  thereby  giving  rise  to 
a  venous  system  which  corresponds  exactly  to  the  arterial  distribution. 
When  this  occurs,  the  glomerulus  breaks  up  into  iu dividual  vascular  lobules, 
which  are  attached  together  only  by  their  arterial  and  venous  ends.  Al- 
though the  glomerulus  is  at  no  point  adherent  to  the  membrane  of  the 
capsule,  yet  the  wall  of  the  capillaries  is  by  no  means  in  immediate  con- 
tact with  the  fluid  contents  of  the  capsule;  this  is  prevented  by  a  layer  of 
cells  covering  the  outer  wall  of  the  vessels.  These  cells  have  splierical 
nuclei  and  ill-deflned  outlines. 

The  exact  relations  of  this  covering  are  still  but  little   known ;  to  all 


Fig.  178. 


Fig.  174. 


Fig.  173.  Glomertdas  from  the  Cat's 
kidney.  Magnified  ^^^.  ai,  arberia  in- 
terlobolaris ;  va,  vas  afferens;  ve^  vaa 
efferena 


Fig.  174.  Distribution  of  the  vas  efife- 
rens  in  a  lobulated  glomerulus  (from  the 
Hog's  kidney). 


appearances  it  surrounds  each  of  the  lobules  of  which  a  glomerulus  h^ 
usually  composed,  and  hence  serves  to  bind  its  individual  vessels  together. 
The  coverings  of  two  neighboring  lobules  are  not  united  at  their  extreme 
peripheries ;  if  they  are  united  at  any  place,  it  can  only  be  at  the  roots  of 
the  lobules. 

To  return  to  the  vas  efferens  glomeruli.  When  it  has  left  the  capsule,  it 
proceeds  toward  its  appropriate  medullary  radius,  or,  if  there  happen  to  be 
none,  as  in  the  outermost  portion  of  the  cortex,  toward  the  convoluted 
tubules ;  it  then  subdivides  into  a  number  of  capillary  vessels  which  fprni 
an  anastomosing  network.  Ail  the  vasa  efferentia,  with  the  exception  of 
those  situated  in  the  immediate  neighborhood  of  the  medulla,  subdivide  iw 
a  similar  manner  into  capillary  plexuses,  and  the  peripheral  vessels,  of  all 
the  groups  of  capillaries  which  have  originated  in  neighboring  vasa  efferen- 
tia, communicate  with  one  another,  so  that  in  this  way  there  is  established  a 
continuous  capillary  network  throughout  the  entire  cortex.  This  network, 
however,  is  not  confined  to  the  cortex  alone,  for  it  communicates  also  with 
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the  capillaries  of  the   medulla  through  the  capillary  network  surromidiBg 
the  medullary  radii. 

The  meshes  of  the  vascular  net  surrounding  the  convoluted  tubes  of  the 
cortical  portion  are  narrow  and  somewhat  circular  in  shape  ;  those  of  the 
network  traversing  the  medullary  radius  ai^  broader,  aivd  are  drawn  out  in 
the  direction  of  the  course  taken  by  the  straight  tubules.  The  capillaiies 
forming  this  network  are  at  no  point  adherent  to  the  uriniferous  tubules ; 
between  the  walls  of  the  blood-vessels  and  those  of  the  uriniferous  tubules 
there  will  be  found  everywhere  slit-like  spaces,  which  are  frequently  filled 
with  fluid. 

The  capillaries  just  described  unite  at  short  intervals  into  veins,  and  the 
smallest  of  these  unite  rapidly  into  larger  ones.  In  the  outermost  layer  of 
the  cortical  portion,  where  there  are  no  glomeruli,  these  veins  come  together 
in  the  form  of  a  star  (venee  stellatie).  From  the  centre  of  the  star,  the  com- 
mon trunk  passes  on  into  that  part  of  the  cortex  which  is  provided  with 
glomeruli  and  medullary  radii,  and  chooses  a  position  in  close  proximity  to 
the  arteria  interlobularis.     By  the  side  of  this  the  vein  then  pursues  its 

course  toward  the  boundary  region,  be- 
tween the  medulla  and  cortex,  taking 
up  on  its  way  thither  very  numerous 
larger  and  smaller  veins  which  have 
originated  in  the  capillary  network  of 
the  cortex.  Within  the  cortical  region 
the  veins  are  always  embedded  in  such 
a  manner  that  the  lumen  continues  to 
remain  open,  even  when  the  vessel  is 
empty. 

Blood-Vessels  of  the  Medulla. — 
The  blood  which  supplies  the  medulla 
flows  with  but  few  exceptions  through 
straight  trunks — the  arteriolse  rectse; 
they  all  approach  the  medulla  from  the 
direction  of  the  cortex  (figure  172  ar 
and  ar).  The  name  of  artery,  in  the 
complete  sense  of  the  word,  is  merited 
only  by  a  portion  of  these,  while  the 
others  merit  it  simply  because  they 
})our  their  blood  into  the  capillaries 
of  the  medulla,  but  by  no  means  on 
account  of  their  origin,  or  the  structure 
of  their  walls. 

Those  ai-t-eriolsB  rectae,  which  in  ori- 
gin and  structure  are  real  arteries,  are 
given  oflf  by  the  same  branches  of  the  renal  artery,  which  also  give  off  in  the 
direction  of  the  cortex  the  arteriae  int^rlobulares.  The  other  arteriol» 
lectai  possess  no  muscular  rings,  and  are  simply  the  greatly  extended  vasa 
efierentia  of  those  glomeruli  which  lie  nearest  to  the  medulla.  All  the 
arteriolje  rectae,  whatever  may  be  their  origin,  direct  their  course  first 
towards  the  slit-shaped  spaces  which  occur  between  the  bundles  of  urinifer- 
ous tubules  in  the  boundaiy  region  of  the  medulla. 

Many  of  these  little  trunks,  already  before  their  entrance  into  the  above- 
mentioned  spaces,  break  up  into  several  small  branches,  and  on  reaching 
the  spaces  they  continue  to  subdivide,  but  retain  their  course  in  the  direo- 


Fig.  175.  Course  of  the  blood-veasels 
within  the  cortex  proper  (diagramma- 
tic), m,  the  space  occupied  by  the 
medullary  radius ;  6,  that  occupied  by 
the  convoluted  canals ;  ai,  Arteria  in- 
terlobularis;  «',  Vena  interlobularis; 
f^a,  vas  afferens  glomeruli ;  ce^  vas  effe- 
rens  glomeruli ;  gL  glomerulus  ;  vz^  ve- 
nous twig  of  the  mterlobular  vein. 
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tion  of  the  papiUss.  In  this  way  there  is  foniied  from  the  tniAk  of  every 
arteriohi  recta  a  bundle  of  pai*allel  arteries.  Where  this  vascular  bundle 
borders  on  the  converging  bundles  of  uiiniferous  tubules,  the  vessels  break 
np  into  capillaries  which  entwine  themselves  about  the  uriniferous  tubules 
like  a  network.  Then,  as  the  slit-shaped  space  is  constantly  growing 
narrower,  first  one  artery  and  then  another  comes  in  contact  with  the  tubules, 
and  so  they  all,  one  after  another,  break  up  into  capillaiies.  Hence  in  the 
direction  of  the  papilla  the  number  of  the  arteriolee  is  constantly  diminish- 
ing, until  on  arriving  there  only  one  or  a  few  remain,  which  break  up  into 
capillaries  in  the  papilla. 

The  capillary  network  surrounding  the  uriniferous  tubules  of  the  medulla 
is  wide-meshed  and  inosculates  with  the  vessels  of  the  cortex,  as  has  b€>en 
already  mentioned,  at  the  boundary  where  the  two  regions  border  on  each 
other. 

In  accordance  with  the  arrangement  just  described,  the  supply  of  blood 
destined  for  the  medulla  is  to  a  certain  extent  independent  of  that  which 
goes  to  the  cortex ;  for  the  former  region  could  still  be  supplied  with  bloody 
even  if  the  cortical  arteries  should  be  completely  closed.  On  the  other  hand, 
the  medulla  Ls  dependent  on  the  stream  through  the  cortex,  since  it  must 
receive  at  least  a  part  of  the  blood  which  flows  down  through  the  vasa  effe- 
rentia  of  those  glomeruli  from  which  art.  rect.  originate.  The  blood 
which  comes  from  the  glomeruli  is  not  always  obliged,  however,  to  take  its 
course  through  the  medulla,  since  it  is  not  a  rare  occuri*ence  for  a  vas 
efferens,  from  which  arteriolse  rectas  originate,  to  send — previous  to  the  com- 
mencement  of  these  latter — to  the  convoluted  tubules  twigs  which  break  up 
into  capillaries  in  the  same  manner  as  occurs  elsewhere  in  the  coi-tex. 

The  veins  of  the  medulla  run  in  the  same  fissures  which  contain  the 
arteries.  The  structure  of  their  walls  differs  from  that  of  other  equally  large 
veins  in  the  fact  that  their  endothelial  cells  are  drawn  out  to  an  unusucd 
length  in  the  direction  of  the  long  axis  of  the  vessel.  This  is  so  markedly 
the  case  in  some  instances  that  the  walls  appear  as  if  woven  out  of  fibres. 
As  regards  their  course,  the  venulsd  rectes  resemble  the  arteries  of  the  same, 
name,  for  the  individual  small  tiiinks  which  result  from  the  union  of  the 
capillaries  of  a  small  district  do  not  at  once  unite  with  each  other  to  form 
larger  trunks,  but  remain  independent  as  far  as  to  the  cortical  end  of  the 
boundary  region.  Around  the  o]3enings  of  the  papillary  ducts  in  the  papilla 
there  exists  a  small  venous  network,  the  chief  part  of  whose  blood  escapes 
by  way  of  the  medulla ;  hence  already  in  the  papilla  a  few  small  venous 
trunks  will  be  found  commencing  their  upward  course.  As  they  proceed 
on  their  way  through  the  fissuro  they  are  forth  with  joined  by  others  which 
have  originated  in  the  capillaries  of  the  bundles  of  papillary  uriidferous 
tubules ;  these  are  joined  in  turn  by  others  which  come  from  capillaries 
that  lie  a  little  higher  up,  etc.  By  receiving  constant  additions  on  their 
way  from  the  papilla  to  the  cortex,  these  veins  at  the  cortical  end  of  a 
fissure  may  reach  the  number  of  fifteen  or  even  twenty  (venul»  rect»,  fig. 
172  vr). 

Inasmuch  as  the  veins  exceed  the  arteries  not  only  in  number  but  also  in 
diameter,  the  space  which  separates  the  bundles  of  uriniferous  tubules  in 
the  medulla  is  therefore  filled  up  chiefly  by  veins.  Within  the  medullary 
region  the  individual  veins  which  lie  side  by  side  in  the  same  bundle  very 
frequently  anastomose  with  each  other  by  loops.  When  the  bundles  arrive 
at  the  cortex  the  veins,  which  up  to  that  point  have  remained  isolated, 
rapidly  unite  into  large  trunks  which  pour  their  contents  into  the  large 
veins  of  the  cortex ;  the  rule  governing  their  anangement  is  that  for  every 
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one  of  the  bundles  of  nriniferous  tubules  surrounding  a  fissure :  there  will 
be  a  venous  trunk  which  receives  its  supply  from  the  small  veins  of  the 
neighborhood,  so  that  every  bundle  of  veins  discharges  into  the  large  venous 
branches  of  the  immediate  neighborhood,  by  at  least  so  many  small  trunks 
as  there  are  bundles  of  uriniferous  tubules  surrounding  the  fissure. 

Concerning  the  relations  of  the  blood-vessels  to  the  uriniferous  tubules 
of  the  medulla,  there  is  yet  to  be  mentioned  that  the  veins  which  pass  up 
through  the  axis  of  the  fissure  do  not  come  in  contact  witli  the  collecting 
tubes,  and  that  the  distance  between  them  constantly  increases,  the  nearer 
the  veins  approach  the  cortical  boundary.  Their  relation,  however,  to  the 
looped  tubules  is  very  different ;  the  descending  branches  of  the  loops,  on 
their  way  down  from  the  region  of  the  convoluted  tubules  to  the  bundles  of 
straight  medullary  canals,  pass  through  the  midst  of  the  bundles  of  veins  in 
the  upper  portions  of  the  boundary  region. 

Vessels  of  the  Tendinous  Capsule  op  the  Kidney. — ^Over  the  surface 
of  this  tendinous  membrane  and  within  its  substance  there  is  distributed  a 
wide-meshed  capillary  network  such  as  is  commonly  seen  in  fasciie.  This 
network  receives  its  supply  in  part  from  the  few  art.  interlobulares  which 
do  not  break  up  exclusively  into  the  vasa  afferentia  of  the  glomeruli,  and  in 
part  from  the  teiminal  branches  of  a  few  neighboring  arterial  trunks,  such 
as  the  art.  phrenica,  lumbalis,  supiurenalis.  From  the  capillaries  proceed 
veins  which  communicate  in  part  with  the  stellate  veins  of  the  coi*tex,  in 
part  with  other  venous  trunks,  situated  outside  of  the  kidney.  Every 
arterial  branch  coming  from  without  is  accompanied  by  two  of  these  last- 
mentioned  veins. 

Lymph  Vessels. — As  is  well  known,  larger  and  smaller  trunks  of  lymph 
vessels  come  out  not  only  from  the  hilus  but  also  from  the  tendinous  cap- 
sule of  the  kidney.  Those  coming  out  at  the  hilus  can  be  followed  along 
the  larger  trunks  of  the  blood-vessels ;  nothing  is  known  concerning  their 
origin.  The  small  trunks  of  the  tendinous  capsule  originate,  as  we  team, 
from  a  careful  injection  of  the  same,  in  a  network  of  smaller  lymph  vessels 
which  lie  between  the  bundles  of  fibres  of  the  tendinous  membrane.  If 
this  network  be  injected,  under  even  a  moderate  pressure,  the  material 
will  pass  on  into  the  parenchyma  of  the  kidney,  and  force  its  way  into  the 
spaces  which  separate  the  convoluted  cortical  tubules  from  each  other. 
Just  as  easily,  moreover,  will  the  larger  trunks  in  the  hilus  and  the  smaller 
ones  of  the  capsule  become  injected  if  through  a  urinary  stasis  the  spaces 
between  the  tubules  should  have  become  distended  with  fluid.  This  easy 
.passage  of  fluids  from  one  cavity  to  another  necessitates  the  existence  of  cer- 
tain anatomical  arrangements;  what  these  consist  of,  and  whether  they 
permanently  or  only  at  times  favor  the  communication  between  the  fissures 
and  the  lymph  vessels,  is  unknown. 

The  cannective  tissue  of  the  kidney  is  not  everywhere  of  the  same  struc- 
ture ;  the  tendinous  capsule  and  the  immediate  surroundings  of  the  large 
blood-vessels  in  the  papillary  portion  of  the  medulla  are  composed  mostly  of 
fibrillated  connective  tissue,  while  the  labyrinth  of  the  cortex  and  the  boun- 
dary region  of  the  medulla  contain  chiefly  the  cellular  variety.  The  fibrous 
web,  of  which  the  tendinous  capsule  of  the  kidney  is  woven,  is  thickest  on 
the  free  surface  of  the  organ ;  from  its  deepest  layers,  those  which  are  im- 
mediately next  to  the  kidney,  numerous  but  very  delicate  fibres  dip  down 
between  the  elementary  tissues  of  the  cortex.  These  and  the  communicat- 
ing blood-vessels  constitute  the  rather  loose  connection  between  the  paren- 
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chjma  of  the  kidney  and  the  tendinous  capsule.  Between  the  convoluted 
tubules  there  is  no  fibriltated  connective  tissue.  Leaving  out  of  the  ques- 
tion the  outermost  layers  of  the  glomeruli,  of  which  mention  has  already  been 
made,  the  surroundings  of  these  bodies,  and  especiaUy  of  those  which  lie  near- 
est to  the  medulla,  form  undoubtedly  a  very  frequent  exception  to  this  rule ; 
for  around  the  glomeruli  we  often  find  a  fibrillated  connective  tissue.  Gener- 
ally there  will  be  found  lying  between  the  blood  capillaries  and  uriniferous 
tubules  of  the  labyiinth  only  a  few  small  spindle-shaped  cells,  which  are  ar- 
ranged with  the  long  axis  of  their  nuclei  at  right  angles  to  that  of  the 
uriniferous  tubules.  These  cells,  however,  do  not  in  any  way  bind  the  con- 
volutions of  the  uriniferous  tubules  to  each  other  or  to  the  blood-vessels,  as 
may  be  ascertained  by  the  inspection  of  a  kidney  which  has  been  affected 
with  acute  cedema  and  uiinary  stasis.  In  such  a  kidney  the  cortical  portion 
is  considerably  larger  than  that  of  its  healthy  neighbor,  and  consequently 
the  convolutions  of  the  tubules  must  have  been  considerably  drawn  out ;  in 
sections,  moreover,  it  will  be  seen  that  there  is  quite  a  space  between  the 
blood  capillaries  and  the  uriniferous  tubules.  The  spaces  between  the  tubes 
of  the  medulla,  in  the  immediate  neighborhood  of  the  papilla,  ai*e  filled  up 
with  a  distinctly  fibrillated  connective  tissue,  which  surrounds  the  urinifer- 
ous tubules  in  a  concentric  manner.  The  farther  one  goes  toward  the 
boundary  region,  the  more  delicate  becomes  the  fibrillated  structure,  and 
the  more  numerous  appear  the  cellular  elements,  which  from  their  spindle- 
or  star-shaped  bodies  send  out  processes  which  are  frequently  of  great 
length. 

The  nerves  enter  the  kidney  in  company  with  the  vascular  trunks; 
throughout  their  courae  they  are  provided  with  but  few  ganglia.  Anatomi- 
cal investigations  have  not  as  yet  afforded  us  any  information  concerning 
the  termination  of  the  nerves 'in  the  kidney.  From  the  results  of  irritation 
we  can  conclude  that  they  contain  not  only  sensitive  fibres,  but  also  such  as 
can  shorten  the  ring-shaped  muscles  of  the  smaller  arteries. 

Historical. — Anatomy  of  the  uriniferous  tubules  in  the  kidney  of 
Mammals.  The  straight  uriniferous  tubes  of  the  medulla  have  been  known 
since  the  seventeenth  century  (Bellini);  the  convoluted  tubules  of  the 
cortex  since  the  middle  of  the  last  century  (Ferrein).  During  the  last 
thirty  years  our  knowledge  of  the  subject  has  been  developed  more  rapidly 
by  the  help  of  the  following  methods: — 

1.  By  comparison  of  the  easily  unravelled  structure  of  the  kidneys  of 
the  lower  Vertebrates  (Bdellostoma  by  J.  Muller,  Coluber  by  Bowmann) 
with  those  of  Mammals. 

2.  By  a  more  accurate  adaptation  of  the  artificial  injections  already 
before  in  use  to  the  requirements  of  the  kidney.  First  api)ears  the  appli- 
cation of  atmospheric  pressure  (Huschke) ;  then  follows  the  employment  of 
easily  soluble  substances  (carmine  and  gelatine  by  Gerlach,  glycerine  and 
Berlin  Blue  by  Henle) ;  and  finally  the  use  of  a  pressure  which  can  be 
accurately  regulated,  according  to  the  time  and  strength  required  (0.  Lud- 
wig). 

3.  By  the  discovery  of  reagents  which  dissolve  the  connective  tissue  and 
blood-vessels,  but  leave  the  uriniferous  tubules  unaffected.  Isaacs  accom- 
plished this  object  by  boiling  small  pieces  of  kidney  in  very  dilute  sulphuric, 
phosphoric,  chromic,  boracic,  tartaric,  and  citric  acids,  or  even  by  boiling 
them  in  chloroform  (?) ;  Henle  introduced  the  use  of  cold  concentrated 
hydrochloric  acid,  and  Schweigger-Seidel  ascertained  the  best  method  of 
using  it.     C.  Ludwig  found  it  more  advantageous  to  boil. the  pieces  of 
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kidney  in  hydrochloric  acid  fco  which  conssdderable  alcohol  had  been  added, 
and  then  to  agitate  them,  for  days  if  necessary,  in  distilled  water. 

4.  By  a  moi-e  accurate  comparison  of  the  structure  of  the  tubular  walls 
in  different  parts  of  the  same  kidney  (Henle).  In  this  way  it  was  ascei^ 
tained — first,  that  the  membranous  covering  of  the  glomerulus,  discovered 
by  J.  Miiller,  is  the  blind  termination  of  the  urimferous  tubule,  and  is 
continuous  at  the  neck  with  the  convoluted  tubule  (Bowmann,  Gerlach). 
Afterwards,  Isaacs  demonstrated  the  fact  that  at  the  boundary  of  the  cortex 
the  convoluted  uriniferous  tubule  became  narrower,  and  later  Henle  showed 
that  after  the  enti*ance  of  this  delicate  canal  into  the  medulla  it  bent  round 
in  the  form  of  a  loop ;  at  the  same  time  the  same  observer  discovered  that 
the  broad  canals,  resulting  from  the  subdivision  of  the  papillary  ducts, 
undergo  further  subdivision  at  the  end  of  the  medullaiy  radius.  The  con- 
nection between  the  branches  of  the  collecting  tube  and  the  ascending 
branch  of  the  loop  was  established  by  C.  Ludwig  and  Zawarykin.  Finally, 
Schweigger-Seidel  ascertained  that  the  intercalated  portion  was  a  constant 
element  in  the  course  of  the  tubule. 

Tl^e  more  accurate  knowledge  of  the  structure  of  the  wall  of  the  canal 
begins  with  Henle ;  he  proved  the  existence  of  a  basis  membrane,  of  the 
opaque  epithelium  in  the  convoluted  and  of  the  hyaline  epithelium  in  the 
straight  tubules ;  Yon  Wittich  ascei'tained  the  absence  of  the  cell  membrane 
in  the  epithelial  cells  of  the  convoluted  tubules;  Both  discovered  that  the 
capsules  were  composed  of  endothelial  cells,  and  Steudener  ascertained 
the  peculiar  shape  of  the  epithelial  cells  in  the  ascending  branch  of  the 
loop. 

It  became  an  ee^sy  matter  to  learn  the  distribution  of  most  of  the  blood- 
vessels from  the  moment  that  gelatine  was  used  in  injections  instead  of  the 
ordinary  resin  and  wax  mixtures.  Only  a  few  points  offered  any  difficulties ; 
as  for  instance  the  branches  of  the  art.  interlobulares,  which  pass  between 
the  glomeruli  and  pour  their  contents  directly  into  the  network  suiTOunding 
the  uriniferous  tubules ;  Toynbee,  Isaacs,  and  Schweigger-Seidel  ascer- 
tained them  to  be  regularly  present  in  the  kidney  of  Mammals.  The 
ai-teriolsB  rectae  ver»  were  discovered  by  R.  M.  Donnel  and  Virchow,  inde- 
pendently of  each  other. 

The  fibril  lated  connective  tissue  of  the  medullary  portion  of  the  kidney 
is  first  mentioned  by  Goodsir ;  the  cells  peculiar  to  the  cortical  portion,  by 
Beer  and  Schweigger-Seidel. 
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CHAPTER  XXII. 

THE   SUPRARENAL   CAP8ULK8. 

By  C.  J.  EBERTH. 

In  Fishes  the  suprai-etial  capsules  are  small  bodies,  y&rying  in  size  from 
the  head  of  a  pin  to  a  lentil^  and  lying  either  on  the  anterior  or  the  dorsal 
surface  of  the  kidneys :  there  is  either  a  single  pair  of  them,  or  they  occur 
in  larger  numbers.  Leydig  also  reckons  as  suprarenal  capsules  those 
rounded  bodies  which  envelop  the  vessels  and  sympathetic  ganglia  of  the 
Selachia, 

In  the  Batrachia- — ^the  caudate  as  well  as  the  non-caudate — the  suprarenal 
capsules  consist  of  small,  yellow  g]-anules,  which  are  situated  on  the  anterior 
surface  of  the  kidney,  upon  the  venea  renales  revehentes. 

In  the  Sauria  the  suprarenal  capsules  are  yellowish  bodies,  lying  upon 
the  venffi  renales  revehentes,  near  where  they  empty  into  the  lower  vena 
cava.  In  Snakes  they  lie  on  the  inner  side  of  the  sexual  glands,  upon  the 
above-mentioned  vein.  The  suprai^enal  capsules  of  the  Chelonia  occupy  the 
same  position  as  those  of  the  Batrachia,  while  in  Birds  they  lie  at  the  upper 
border  of  the  kidneys,  immediately  upon  the  vena  cava. 

Parenchyma.-  The  suprarenal  capsules  consist  of  two  different  masses  of 
cells,  called  respectively  cortical  and  medullary  substances.  This  designa- 
tion is  appropriate  for  Mammals,  inasmuch  as  it  has  reference  to  the  rela- 
tions between  the  two  substances ;  but  in  the  case  of  the  other  Vertebrates 
the  terms  are  inappropriate,  for  the  two  substances  do  not  occur  in  layers, 
but  the  cortical  substance  penetrates  into  the  centre  of  the  organ,  while  the 
mass  of  the  medulla  reaches  even  to  the  surface. 

The  suprarenal  capsules  of  Fishes  (Eel)  are  composed  of  rounded  heaps 
of  cells,  which  are  angular  and  somewhat  stellate  in  shape,  and  consist  of 
either  one  or  several  layers.  In  the  centre  of  these  groups  of  cells  there 
usually  exists  an  irregularly  shaped  cavity. 

It  is  yet  to  be  aaoeztained  whether  the  supzarenal  oapsules  of  Fishes  possess  any 
medaHazy  sabstance. 

In  the  suprarenal  capsules  of  Batrachia,  Sauria,  Chelonia,  and  Birds,  the 
cortical  and  medullary  substances  are  not  arranged  in  layers  as  in  Mammals; 
both  substances  occur  in  the  form  of  rounded  heaps  or  branching  trabeculsB 
and  cylinders,  which  are  mutually  intermingled. 

In  the  Batrachia  the  most  superficial  portions  of  the  suprarenal  capsules 
consist  of  solid  rounded  and  oblong  groups  of  polygonal  cells,  which  are 
filled  with  oil-drops.  These  cells  compose  the  coi-tical  substance  proper. 
The  medullary  substancci  which  is  more  feebly  developed  than  in  other  ani- 
mals, is  represented  here  by  only  a  few  scattering  polygonal  cells  and  small 
groups  of  the  same,  collected  around  the  cortical  parts.  In  the  deeper  por- 
tions the  cortical  substance  consists  of  branching  and  anastomosing  cell-ira- 
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beculse,  which  intersect  with  similar  formations  of  medullary  substance. 
The  trabeculfis  as  well  as  the  gi-oiips  of  cells  possess  no  mcmbrana  propria. 

Fig.  176. 


Fig.  170.  Cellular  groups  and  trabeculae  of  the  cortical  substance,  from  the  supra- 
renal capsule  of  the  Frog. 

In  the  Sauria  and  Chelonia  the  relations  are  similar. 

The  interweaving  of  the  branching  cortical  and  medullary  trabecul»  is 
still  more  pronounced  in  Birds.  In  the  place  of  the  solid  trabeculee,  cylin- 
drical tubes  with  a  narrow  calibre  are  sometimes  met  with :  these  tubes, 
like  those  of  cold-blooded  animals,  do  not  form  a  continuous  network,  but 
frequently  terminate  blind.  In  the  cortical  portions  the  cells  of  these  tubes 
are  narrow  cylinders  with  eccentric  nuclei,  while  in  the  medullary  parts 
they  are  polymorphous  elements — mostly  cylindrical  and  polygonal. 

In  Mammals  the  two  substances  are  arranged  in  layers.  The  external  or 
cortical  substance  is  of  a  grayish  yellow,  or,  if  veiy  rich  in  fat,  of  a  whitish 
yellow  color;  when  broken  the  fractured  surface  appears  radiated.  The 
cortical  surrounds  like  a  capsule  the  inner,  gray  medullary  substance. 
Sometimes  small  poi*tions  of  the  cortex  penetrate  into  the  substance  of  the 
medulla  in  company  with  the  larger  vessels.v  In  the  narrow  borders  there 
is  no  medullary  substance ;  the  innermost  cortical  layers  of  both  sides  come 
into  direct  contact  here  and  form  a  simple  brownish  beuid. 

The  accessoiy  suprarenal  capsules,  a  large  number  of  which  may  often  be  seen  as 
small  yellow  granules  on  the  surface  of  the  principal  oigan,  are  partially  detached  por- 
tions of  the  cortex,  in  the  centre  of  each  of  which  exists  a  veiy  vascular  connective 
tissue. 
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In  Man  the  innermost  cortical  layer  is  found  in  a  softened  condition  through  putre- 
faction. In  that  case  there  will  be  seen  between  the  cortex  and  the  medulla  a  cavity 
which  is  filled  with  a  brown  pulpy  material  consisting  of  blood  and  degenerated  corti- 
cal substance. 

In  the  cortex  two  or  thi*ee  layers  may  be  distinguished. 

Where  there  are  three,  then  the  outer  and  inner  layers,  consisting  of 
rounded  groups  of  cells  (parenchymal  bodies),  are  separated  by  a  layer  of 
cylindrical  cell-trabeculas  (cortical  cylin- 
ders, cortical  trabeculss).  This  is  the 
case  in  Man,  the  Hog,  Dog,  Hedgehog, 
and  Guinea-pig. 

In  other  animals  the  outer  groups  of 
cells  are  wanting :  the  cortical  cylinders 
come  into  direct  contact  with  the  invest- 
ing capsule,  and  pass  continuously  on 
the  inner  side  into  the  layer  of  inner 
cell-groups.  (Cow,  Horse,  Cat,  Babbit, 
Mouse.) 

These  different  layers,  however,  are 
not  separated  by  such  sharp  limits  as 
exist  between  the  cortical  and  medullary 
substances.  While  in  the  first  group  of 
animals,  particularly  in  Man,  the  outer- 
most layer  is  separated  quite  distinctly 
from  the  middle  layer,  the  boundary  be- 
tween the  latter  and  the  inner  layer  is 
quite  indistinct. 

The  out^r,  like  the  inner  cell-groups, 
consist  of  polygonal  and  rounded  masses 
of  protoplasma,  containing  a  single  nu- 
cleus, and  arranged  either  singly  or  in 
groups.  In  the  Cow  the  innermost  layer 
seems  to  be  a  pretty  unifoim  infiltration 
of  the  stroma  with  polygonal  cells.  In 
many  animals  (Man  and  Eabbit)  the 
separate  cells  often  unite  together  into  a 
single  mass.  In  the  Dog  the  outer  cell- 
groups,  which  consist  of  cylindrical  cells, 
are  either  oblong  in  shape,  or  they  re- 
semble a  horse-shoe. 

The  cortical  trabecul»  consist  of  ob- 
long cylindrical  masses  of  cells,  which 
are  so  closely  packed  together  as  to  give 
to  the  cortex — in  somewhat  thick  sec- 
tions, and  under  a  small  magnifying 
power — the  appearance  of  being  entirely 
composP'd  of  long,  pai*allel  trabeculsd 
(Man).  Beneath  the  capsule  many  of  the  trabecule  communicate  with  each 
by  short  loops  (Man).  They  also  sometimes  anastomose  elsewhere  in  their 
course. 

The  cellular  elements  are  the  same  as  those  in  the  outermost  layer,  with 
the  exception  that  here  they  contain  Jarger  and  smaller  oil-drops ;  in  Man 
this  is  only  sometimes  the  case,  but  in  many  animals  these  oil-drops  are 
constantly  present. 


Fig.  177.  Perpendicular  section 
through  the  suprarenal  capsule  of 
Man.  1,  cortex;  2,  medulla;  a,  cap- 
sule; b,  layer  of  outer  cell-groups; 
C  layer  of  cell-trabecula3  (Zona  fas- 
cicidata);  rf,  layer  of  inner  cell- 
groups  ;  €,  medullary  substance ;  /, 
transverse  oection  of  a  vein. 
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The  innermost  cells  of  the  inner  cortical  layer  in  Man  are  chAi*acterized 
by  their  yellow  color. 

Fig.  178. 


F}g.  IIS.  Smgle  cells  and  cell-groups  of  the  outermoet  cortical  layer;  from  the 
Human  suprarenal  capsule. 

In  those  animals  which  possess  no  outer  cell-groups,  the  superficial  corti- 
cal trabecul«  consist  either  of  shorter,  rounded  and  cylindrical  masses  (Cow), 
which  often  euiastomose  with  one  another;  or  else  of  cylinders,  which  beneath 
the  capsule  communicate  with  each  other  by  means  of  short  arches  (Babbit, 
Mouse,  Cat).  In  the  Horse  the  cortical  trabeculse  are  narrow  bands  and 
troughs,  which,  in  the  direction  of  the  periphery  of  the  organ,  become  con- 
verted, by  the  gradual  union  of  their  borders,  into  hollow  cylindei-s  with 
blind  terminations  (Kolliker,  Eberth). 


Rg.  179. 


«_. 


l^'ig.  179.  Horizontal  section  through  the  outermost  cortical  portiosas  of  tiie  supra- 
renal capsule  of  the  Horse,  a,  blind  termination  of  a  cylinder;  d,  groove-^aped  aad 
cylindrical  cortical  trabecule ;  Cy  stroma. 
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In  the  Cow  the  cells  of  the  cortical  trabeculse  are  somewhat  cylindrical  in 
shape,  or  else  polygonal  :  in  the  former  case  their  long  diameter  stands  at 
right  angles  to  the  radius  of  the  trabecula.  In  the  Kabbit  the  cells  are 
polygonal,  and  in  the  Horse  they  are  narrow  cylinders. 

In  Man,  as  well  as  in  other  animals,  irregularly-shaped  fissures  are  often 
found  in  the  centre  of  the  rounded  or  cylindrical  cell-groups.  As  to  the 
epithelium-lined  vesicles  described  by  Grandi-y  I  have  never  yet  met  with 
them. 

Pig.  180. 


Fig.  180.  Vertical  section  through  the  cortical  portion  of  the  suprarenal  capsule 
of  the  Horse,     a,  capsule ;  6,  cell-trabeculsB  ;  <?,  cell-groups. 

Medulla. — Between  the  broad,  narrow-meshed  vessels  of  the  medulla 
lies  a  spongy  tissue  which  is  composed  of  a  delicate  connective  substance 
that  gives  support  to  the  medullary  cells.  These  last  occur  either  isolated 
or,  more  frequently,  in  rounded  groups  (Man)  ;  sometimes  they  form  plexi- 
form  trabeculsB  (Cow,  Horse,  Pig,  Dog,  Cat,  Rabbit,  Guinea-pig,  Mouse, 
Hedgehog).  From  tliese  trabeculse  outrunners  sometimes  penetrate  into 
the  cortex :  small  masses  of  the  medullary  substance  may  even  be  found 
near  the  surface  of  the  organ. 

The  cells  of  the  medullary  portion  are  of  a  delicate  consistency  and  ex- 
ceedingly variable  in  shape.  In  Man  they  are  stellate  and  polygonal ;  in 
the  Pig,  often  cylindiical ;  whereas  in  the  Horse  and  Cow  their  shape  is  at 
times  scarcely  recognnsable ;  in  their  place  we  find  a  finely  granular  mass 
81 
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with  ceiiti*al  or  eccentric  nuclei,  and  sometimes  cylindrical  and  anastomosing 
stellate  cells  are  intermingled  with  the  mass. 

Fig.  181. 


M^^MM£i^^^'^^' 


Fig.  182. 


Fig.  181.  Vertical  section  through  the  medullary  subectanoe  of  the  suprarenal  cap* 
Bule  of  the  Cow.     a,  blood- yewels;  b,  trabecule  of  medullary  cells. 

In  solutions  of  the  Bichromate  of  Potassa  the  medullary  cells  assume  an 
intensely  yellow  or  brown  color,  while  the  cortical  portion  remains  un- 
changed, or  at  the  very  most  takes  on  a  feebly  yellow  tinge,  as  other  tissues 

do.  Tliis  reaction,  which  manifests  itself 
with  equal  intensity  in  a  great  variety  of 
animals,  is  prevented  by  alcohol.  It  af- 
fords valuable  assistance  in  dislinguislung 
the  cortical  from  the  centi-al  cells  in  ])lace8 
where  the  two  substances  cannot  possibly 
be  recognized  apart,  either  by  their  form 
or  their  arrangement. 

In  Man  the  reaction  which  follows  is 
brown,  but  it  is  very  light  compared  with 
the  intense  coloring  produced  in  the  Cow, 
Pig,  Dog,  Cat,  Hedgehog,  Guinea-pig, 
liabbit,  Mouse,  Rat,  l)ove,  Duck,  Fowl, 
Turtle,  Lizard,  Frog,  and  Salamander. 
Unfortunately,  the  only  specimens  of  the 
suprai^enal  capsules  of  Fishes  at  my  dis]>osal  were  such  as  had  been  pre- 
served in  alcohol. 

Framework.  From  the  connective-tissue  capsule  coarser  processes  pen- 
etrate into  the  depths  of  the  parenchyma  and  subdivide  it  into  territories 
(Cow).  From  these  more  delicate  bands  of  connective  tissue  are  given  off 
latemlly  which  anastomose  with  one  another.  Between  these  trabecul» 
rounded  and  oblong  spaces  are  left,  which  are  filled  with  the  celUgroups  and 
trabecule. 


Fig.  182.  Trabecal»  of  medullary 
cells  from  the  suprarenal  capsule  of 
the  Cow. 
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In  the  Cow  the  coarser  bands  of  connective  tissue  soon  break  \ij»  into  n 
very  delicate  framework,  with  uniformly  lai'ge,  angular  meshes,  each  of 
which  contains  a  cell. 

Fig.  183. 


Fig.  183.     From  the  suprarenal  capsole  of  the  Frog, 
oells;  b,  mednllary  cells. 


a,  agglomeration  of  cortical 


In  the  medullary  portion  the  stroma  is  more  scanty  than  in  the  cortex. 
It  only  serves  in  that  locality  as  an  investment  around  the  cell-groups. 

Grandry,  Henle,  and  others  assert  that  the  cell-groups  of  the  cortex  and 
medulla  are  surrounded  by  real  membranes,  but  I  have  not  been  able  to  find 
any  such,  not  even  after  maceration  in  acids  and  alkalies.  Perhaps  the  deli- 
cate, membranous  connective-tissue  septa,  or  the  walls  of  blood-vessels, 
which  often  lie  in  immediate  contact  with  the  cell-groups,  have  been  mis- 
taken for  the  membranes  of  these  latter. 


Blood  and  Lymph  Vessels. — The  suprarenal  capsules  are  among  the 
most  vascular  organs.  They  receive  their  blood  from  the  Arteriw  phrenica, 
ooeliaca,  Aorta  and  renalis.  A  few  branches  of  these  vessels  traverse  the 
capsule  and  penetrate  with  its  offshoots  into  the  central  medullary  mass, 
while  others  break  up  already  in  the  capsule  into  a  broad-meshed  capillary 
network ;  others  still,  after  penetrating  the  capsule  and  breaking  up  into 
smaller  twigs,  pour  their  contents  dii-ectly  into  the  capillaries  of  the  cor- 
tex. 

The  veins  originate  in  the  medulla  and  empty  into  the  large  central  vein, 
which  comes  out  from  the  organ  at  the  hilus  and  poui-s  its  contents  into 
the  vena  cava  inferior.  Small  veins  accompany  the  arteries  in  pairs  through 
the  cortex  and  empty  into  the  Yense  phrenicse,  renales,  and  Cava  inferior. 
According  to  Arnold  they  originate  in  the  middle  cortical  layer  (Zona 
fiisciculata). 

In  the  outermost  cortical  layer  the  arteries  break  up  into  a  capillary 
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network  whose  rounded  meshes  contain  the  cell-gi'oups  (Parenchymal 
bodies).  In  the  second  zone  these  vessels  form  meshes  which  are  arranged 
in  a  radiating  manner  and  communicate  with  each  other  by  short  transverse 
anastomoses :  in  the  innermost  layer  they  are  again  arranged  as  in  the  outer 
layer. 

Arnold  makes  ont  yasctdar  coils  even  in  the  outermost  cortical  layer.  I  have  not 
been  able,  however,  any  more  than  EoUiker,  to  persuade  myself  that  they  occur 
there.  The  variableness  in  structure  of  the  cortex  would,  however,  readily  account 
for  a  certain  degree  of  diversity  in  the  arrangement  of  the  vessels. 


Fig.  184, 


Fig.  186. 


Fig.  184.  a,  connective-tissue  bands 
of  the  outermost  cortical  layer;  from 
the  suprarenal  capsule  of  the  Ox.  b, 
parenchyma  cells. 


Fig.  185.  Delicate  framework  from 
the  innermost  cortical  layer  of  the  su- 
prarenal capsule  of  the  Ox,  with  a  few 
parenchyma  cells. 


The  medullary  vessels  originate  in  the  capillaries  of  the  innermost  corti- 
cal layer.  They  constitute  a  narrow-meshed  network  of  irregularly  broad, 
frequently  much  dilated  vessels,  which  pour  their  blood  into  the  renal  vein. 
The  central  portions  of  the  medulla,  according  to  Arnold,  are  also  fed  by 
arteries,  which  follow  the  course  of  the  connective-tissue  bands  and  com- 
municate with  the  capillaries  of  the  medulla. 

The  narrower  cortical  capillaries  and  the  broad  ones  of  the  medulla  are 
canals  with  very  thin  walls,  composed  exclusively  of  the  tubular  endo- 
thelium. They  lie  in  immediate  contact  with  the  parenchymal  bodies,  and 
are  so  firmly  attached  to  the  scanty  stroma  that  it  is  with  difficulty  that  we 
can  obtain  them  in  an  isolated  condition.  This  condition  of  things  led  to 
the  supposition  that  the  blood  travelled  here  through  way^  which  were  not 
provided  with  special  walls. 

Lymph  Vessels. — Besides  the  few  small  trunks  seen  on  the  surface  of 
the  organ  by  Ecker,  Kolliker,  and  Arnold,  the  last-named  authority  mentions 
also  deep-seated  lymph  vessels.  The  thin-walled,  sinuated  spaces,  which 
Moers  observed  by  the  side  of  the  arteries  in  the  substance  of  the  gland, 
were  considered  by  him  as  sections  of  lymph  tubes. 
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Nerves. — The  suprarenal  capsules  are  rich  in  nerves.  These  come  from 
the  Ganglion  semilunare,  the  Plexus  renalis,  the  Phrenicus  and  the  Yagusj 
and  enter  the  organ  at  its  inner  and  lower  border.  They  raniify  chiefly 
throughout  the  medullary  substance,  where  they  appear  in  the  form  ol 
intercrossing  broad  bands,  or,  more  rarely,  as  delicate  plexuses.  Bi-  and 
multi-polar  ganglia  are  frequently  met  with,  either  isolated  or  in  larger 
gi'oups  along  the  medullated  nerves,  at  their  points  of  bifurcation  (Holm, 
Ebcrth).  Ganglion  cells  ai*e  of  rarer  occurrence  in  the  cortex.  The  nerves 
consist  of  narrow  fibres  with  dark  borders. 

It  is  still  a  matter  of  doubt  whether  the  nerves  terminate  in  the  subetanoe  of  the^ 
oigan,  or  simply  traverse  it  as  an  endless  plexas. 

It  is  improbable  that  those  cells,  which  in  the  Ox  are  found  at  the  boundary  between 
the  cortex  and  the  medulla,  and  in  the  latter  region  accompany  the  nerves  in  groups, 
possess  a  nervous  nature.  These  elements  are  smaller  than  the  true  ganglion  cells, 
though  somewhat  larger  and  more  brilliant  than  the  cells  of  the  cortex :  they  are 
angular  and  possess  no  outrunners.  They  are  colored  somewhat  more  rapidly  by 
carmine  than  the  cortical  cells  (Holm,  Eberth),  and  are  not,  like  the  medullary  oeUs, 
rendered  brown  by  the  Bichromate  of  potassa.  In  their  arrangement  they  resemble 
most  those  elements  of  the  cortex  which  in  rather  broad  groups  accompany  the  larger 
vessels  through  the  medulla  (Holm,  Eberth). 

In  the  Lizard  and  the  Batrachia  I  can  find  no  nerves  in  the  parenchyma ; 
in  the  Turtle  they  are  very  few.  In  Birds  large  ganglia  are  found  on  the  surface 
of  the  organ,  while  in  its  interior  there  are  but  few  nerves  and  ganglion  cells. 
Among  Mammals  the  suprarenal  capsules  of  the  Garni vora  and  of  the  Bab- 
bit possess  but  few  nerves,  while  those  of  Man  and  the  Pig  are  very  rich  in 
nerves :  this  is  especially  true  of  the  Cow,  where  they  are  very  abundant. 

After  the  statement,  that  the  medullary  substance  of  the  suprarenal  cap- 
sules consisted  entirely  or  chiefly  of  ganglion  cells  (Luschka,  Ley  dip),  was 
proved  to  be  incorrect,  it  became  necessary  to  investigate  anew  whetler,  as 
Leydig  maintains,  in  the  Selachia,  Ganoids,  and  Reptiles,  ^^  portions  of  the 
suprarenal  capsules  are  attached  to  the  individual  ganglia  of  the  Sympathetic, 
or  rather  whether  they  do  not  constitute  integral  portions  of  these  ganglia." 
These  portions  of  the  Sympathetic  ganglia,  it  is  supposed,  correspond  to  the 
medullary  substance,  while  the  cortex  on  the  other  hand  seems,  in  Fishes 
and  Reptiles,  to  be  accumulated  around  the  vessels.  The  so-called  axillary 
hearts  in  the  Torpedo  would  represent  such  cortical  portions. 

Leydig  is  also  disposed  to  consider  as  equivalents  of  the  suprarenal  cap- 
sules the  groups  of  cells  which  in  Invertebrates  (Paludina,  Pontobdella) 
are  found  alongside  of  the  ganglia. 
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CHAPTER  XXIII. 

THE    URINARY   BLADDER   AND   THE    URtTTERS. 

By  HEINRICU   OBERSTEINER, 
op  thb  physiolooical  instittjtb  op  the  vienna  university. 

The  urinary  bladder  and  the  ureters  constitute  a  complex  organ,  to  which 
is  assigned  a  role  more  passive  than  active,  the  physiological  significance  of 
which  is,  in  all  probability,  that  they  shall  receive  and  dispose  of  the  urine 
excreted  by  the  kidneys. 

This  accounts  for  their  relative  anatomical  simplicity,  as  well  as  for  the 
similarity  which  is  found  in  their  construction. 

The  bladder  is  covered  externally  by  the  peritoneum,  which  extends  fai-tlier 
downwards  on  the  posterior  wall  than  it  does  in  front,  or  at  the  sides.  The 
tluckness  of  the  walls  of  the  bladder  changes  according  to  the  amount  of 
distention  of  the  organ,  and  varies  in  Man,  if  we  exclude  local  differences, 
from  2  to  15  millim. 

The  urinary  bladder  of  most  Mammals  is  similar  in  construction  to  that 
of  Man ;  I  will  therefore  restrict  myself  to  a  description  of  the  latter. 

Among  the  Vertebrates  the  bladder  is  absent  in  Birds,  certain  Fishes, 
Amphibia,  and  Reptiles.  The  urine  of  these  animals  is  so  rich  in  urates, 
that  too  heavy  sedimentation  would  occur  if  it  were  retained  for  any  length 
of  time  in  a  vesical  cavity. 

The  urinary  bladder  of  some  Re[>tile8  and  Amphibia  (for  example  the 
Turtle,  Frog)  empties,  like  the  ureters,  into  the  cloaca,  so  that  the  urine  can 
be  voided  without  having  passed  through  the  bladder.  A  similar  arrange- 
ment exists  among  Mammals  in  the  Monoti'emata. 

In  the  Human  bladder  the  following  coats  are  encountered  from  within 
outw^ards. 

I.  The  Epithelium. — This  layer  is  subdivided  into  several  strata,  char- 
acterized by  the  greatest  differences. 

Most  internally  are  found  one  or  two  layers  of  cells  of  a  polyhedral  form. 
These  are  for  the  most  part  rounded,  or,  especially  the  larger  ones,  rather 
flattened,  and  vary  greatly  in  shape  and  in  size.  Their  borders  and  angles 
are  often  drawn  out  in  such  a  way  that  a  concavity  is  formed  on  their 
under  surface,  into  which  the  body  of  a  cell  of  the  second  layer  fits.  Their 
contents  are  moderately  granular  and  display  one  or  two  nuclei  with  distinct 
nucleoli.  These  correspond  to  the  cells,  which  are  frequently  found  in  urine 
after  it  has  been  voided.  Sometimes  there  may  be  observed  very  delicate 
hyaline  drops,  which  come  out  from  the  sides  of  the  cluster  of  cells  under 
examination,  without  causing  any  shrinkage  or  appareut  change  in  the  cells 
themselves, — as  is  also  seen  in  examining  epithelium  from  other  jiai-ts. 

The  next  layer  of  epithelial  cells  (fig.  186.  a,  c,  2)  is  readily  distinguish- 
able from  the  others  by  the  regularity  of  its  elements,  which  are  arranged 
in  a  more  simple  manner.     The  cells  of  this  younger  layer  are  equal  in  size 
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(about  0.03  millim.  in  their  longest  diameter),  and  so  arranged  that  their 
broad  convex  bases  are  turned  towards  the  surface,  while  their  points  dip 
down  into  the  lowest  stratum  of  cells.  These  smaller  ends  are  prolonged 
into  undivided  points,  of  variable  lengths  and  often  varicose ;  their  appear- 
ance reminds  one  very  much  of  the  epithelial  cells  of  the  mucous  membi*ane 
of  the  nose. 

Fig.  186. 


Fig.  186.  Epithelium  of  the  urinary  bladder,  a,  a  cell  of  the  second  layer ;  bj  a 
cell  of  the  first  layer  ;  e  shows  the  Ist,  2d,  and  3d  layers  of  the  epithelium  in  connec- 
tion. 

The  ultimate  disposition  of  these  pointed  extremities  of  the  cells,  which 
extend  down  into  the  lowest  layer  of  the  epithelium,  cannot  be  i-eadily 
determined ;  still  it  seems  very  probable  that  they  form  a  connection  with 
the  superficial  layer  of  the  connective  tissue  upon  which  the  bladder  epi- 
thelium rests,  either  with  the  connective  tissue  itself,  or  with  the  nervous 
elements  of  that  layer.  In  favor  of  this  hypothesis  is  the  circumstance,  that 
these  cell-prolongations,  no  matter  with  how  much  care  they  may  be  isolated, 
never  continue  on  to  a  free  pointed  extremity,  but  on  the  contrary  always 
have  an  appearance  as  if  they  did  not  possess  their  entire  length,  but  had 
been  merely  torn  off.  Furthermore,  after  a  separation  of  the  epithelium, 
there  may  be  often  observed  fine  bent  filaments  projecting  out  from  the  con- 
nective tissue,  having  the  same  size  as  the  i)rolonged  extremities  of  the  cells 
before  mentioned ;  and  it  is  even  possible,  under  favorable  circumstances, 
to  obtain  views  of  specimens  which  seem  to  indicate  a  previous  connection 
between  the  two  ends. 

The  question,  so  much  discussed,  of  the  origin  of  epithelial  cells  from  the 
underlying  connective  tissue  would  go  to  substantiate  the  inference  to  be 
drawn  from  the  appearances  above  detailed. 

The  deepest  and  most  external  layer  of  the  epithelium  (fig.  18G.  c,  3)  is 
composed  of  irregular  oval  cells,  which  are  often  drawn  out  toward  the  sur- 
face of  the  membrane,  wedged  in  between  the  conical  ends  of  the  cells  of 
the  middle  layer. 

II.  The  Connective-Tissue  Layer. — A  layer  of  very  dense  connective 
tissue,  about  0.02  millim.  thick,  rich  in  nuclei  and  composed  of  fine  fibres, 
lies  next  to  the  epithelium  and  is  sharply  separated  from  the  outer  layer  of 
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the  connective-tissiie  coat,  which  outer  layer  is  from  0.8  to  1.5  millim.  thick, 
poorer  in  nuclei  and  composed  of  thick  bundles  of  fibres.  Much  elastic 
tissue  and  many  smooth  muscular  fibres — sometimes  single,  sometimes  ar- 
ranged in  bundles — are  scattered  through  the  latter  in  vai-ious  directions. 

Single  acinous  glands,  similar  to  those  of  the  Pars  prostatica  urethrse,  are 
found  near  the  urethral  opening.  They  are  by  no  means  constant  and 
appear  to  be  very  spaiingly  present  during  the  first  years  of  life,  which 
would  point  to  a  new  formation  of  these  glands  ^  a  period  somewhat 
removed  from  birth.  The  distribution  of  the  nerves  and  vessels  will  be 
described  further  on. 

III.  The  Muscular  Layer. — The  fibres  of  the  muscular  coat  are  from 
0.1  to  0.25  millim.  long  and  possess  distinct  nuclei,  long  drawn  out  and 
staff-like  in  appearance.  The  muscular  fibres  of  the  urinary  bladder  of  the 
Frog  are  considerably  longer  (0.4  millim.  and  over)  than  those  of  Man,  and 
are  very  pei-fectly  isolated. 

The  muscular  fibres  of  the  Human  bladder  are  grouped  together  into 
rounded  bundles  from  0.03  to  0.15  millim.  thick.  These  are  separated  by 
connective  tissue,  containing  the  vessels  and  nerves.  The  thickness  of  this 
enveloping  connective  tissue  varies  greatly,  but  usually  it  is  relatively  more 
considerable  in  children  than  in  adults  ;  indeed,  in  the  former,  the  amount 
of  the  connective  tissue  of  the  muscular  coat  often  equals  that  of  the 
muscular  tissue  itself,  and  may  even  sui-pass  it. 

In  the  neighborhood  of  the  Sphincter  vesicas  the  bundles  of  muscular 
fibres  are  separated  and  broken  up  by  the  interstitial  connective  tissue  in 
such  a  way,  that  the  ultimate  fibres  become  isolated  and  are  found  either 
single  or  in  veiy  small  gi'oups. 

The  course  of  these  muscular  fiLSciculi  is  by  no  means  regular,  but  deviates 
greatly  in  individual  cases  from  any  diagrammatic  representation  which 
might  be  offered. 

The  following  description  will  give  an  idea  of  their  course,  at  once  simple 
and  yet  as  near  the  exact  ti-uth  as  possible.  The  innermost  layer  is  con- 
stituted by  circular  fasciculi,  which  cross  each  other  at  acute  angles,  form- 
ing a  network  with  oblique  meshes.  The  muscular  fibres  of  this  layer  are 
particularly  well  developed  ai'ound  the  internal  orifice  of  the  urethra.  At 
this  point  the  arrangement  of  the  fasciculi  is  more  regular.  They  run  nearly 
parallel  to  each  other,  so  as  to  form  a  complete  ring  around  the  orifice  of 
the  bladder,  the  Sphincter  vesicae.  Outside  of  this  circular  layer  come  the 
longitudinal  fasciculi,  which  become  more  plentiful  toward  the  vertex,  and 
are  continued,  in  Children,  upon  the  obliterated  (or  it  may  be  still  partially 
patulous)  umchus.  It  is  impossible  to  undertake  a  more  detailed  account  of 
the  course  followed  by  the  muscular  fibres,  since  I  have  found  the  same  to 
vary  so  much  in  all  the  bladders  I  have  examined,  that  any  thorough 
description  would  only  be  correct  for  a  single  case. 

The  Trigonum  Lieutodii  consists  mei'ely  in  a  thickening  of  the  connective- 
tissue  layer,  with  all  its  elements,  from  the  orifices  of  the  ureters  to  the 
Caput  gallinaginis. 

The  arteries  of  the  bladder  (superior  and  inferior  vesical  branches  of  the 
Hypogastiic)  encounter  the  bladder  at  its  posterior  wall  and  are  distributed 
to  the  fundus.  They  penetrate  the  muscular  coats,  in  which  some  small 
bi-anches  are  given  off,  and  finally  terminate  in  the  connective  tissue,  about 
midway  between  the  epithelium  and  the  muscular  coat  (or,  indeed,  nearer 
the  former),  by  branches  running  parallel  to  the  surface.  From  these  stems 
still  smaller  branches  rise  towards  the  epithelium,  immediately  beneath  which, 
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and  separated  by  a  liardly  appreciable  layer  of  fibres,  they  form  a  fine  dense 
capillary  network.  When  the  bladder  falls  into  folds  these  little  bi^anches 
occupy  the  middle  portion  of  the  fold,  and  in  this  way  are  shielded  from 
injury  ;  the  nerves,  still  as  medullated  fibres,  can  be  followed  into  the  con- 
nective-tissue layer.  They  are  seen  to  best  advantage  near  the  neck  of  the 
bladder,  where  they  are  most  abundant.  It  is  difficult  to  determine  their 
mode  of  termination  accurately.  Kisselew  states  that  they  terminate  in 
certain  of  the  epithelial  cells,  which  are  distinguishable  from  the  other  cells 
of  that  layer  from  the  fact  that  they  imbibe  carmine  more  readily  and 
adhere  more  strongly  to  the  underlying  connective  tissue.  It  is  probable 
that  he  saw  objects  similar  to  the  wandering  cells. 

A  few  ganglion  cells  are  found,  sparingly  scattered  along  the  course  of 
the  nerves. 

In  the  bladder  of  the  Frog  the  medullated  nerve  fibres  offer  particularly 
fine  subjects  for  investigation.  In  their  meshes  they  enclose  the  large  gan- 
glion  cells,  pigmented  in  yellow  and  provided  with  an  ejnthelial  layer,  which 
Jakubovitsch  first  described. 

The  Ureters — ^as  has  been  previously  stated — show  a  construction  exactly 
like  that  of  the  bladder.  The  epithelium  is  precisely  similar  to  that  of  the 
bladder ;  under  it  comes  a  layer  of  connective  tissue  and  then  a  triple  layer 
of  muscular  tissue,  of  which  the  innermost  is  directed  longitudinally,  the 
middle  is  circular,  while  the  outermost,  which  is  the  weakest,  has  a  less 
regular  direction,  although  it  tends  to  be  also  longitudinal ;  a  thin  layer  of 
connective  tissue  (as  adventitia)  constitutes  the  outermost  stratum  of  the 
ureters. 

The  blood-vessels  are  distributed  in  a  manner  analogous  to  those  of  the 
bladder.  Engelmann  *  describes  them,  in  the  Rabbit,  as  a  sub-epithelial 
capillary  plexus,  upon  which  the  epithelium  is  situated,  unseparated  by  any 
layer  of  connective  tissue.  The  position  of  the  capillary  plexus  in  Man, 
however,  seems  to  be  more  protected  and  less  superficial. 

A  small  number  of  medullated  nerves  make  their  way  into  the  substance 
of  the  ureter.  I  have  not  been  able  to  demonstrate  the  existence  of  ganglion 
cells  except  in  that  plexus  of  nerves  found  in  the  adventitia,  which  has  been 
named  by  Engelmann  Basis-plexus  (Grundplexus). 

BiBLTOOKAPHT. 

KoHLRAUSCn.    Zur  Anatomie  und  Physiologie  der  Beckenorgane.     1854. 
Barkow.     Anatom.  Untersuchungen  iiber  £e  Hamblase.    1858. 
UffeL3£ann.     Zur  Anatomie  der  Hamorgane.    Henle  und  Pfeufer.    17.  Bd. 
BuRCKHARDT.     Das  Epithelium  der  ableitenden  Hamwege.     Virchow's  Archiv.     17. 

Bd.  S.  94  » 

LiNCK.     Ueber  das  Epithel  der  Hamleitenden  Wege.     Beichert  und  Da  Bois  Arcbiv. 

1864.    S.  137. 
Babatibr.     Recherches  anat.  et  physiol.  sur  les  appareils  muscolaires.     Hontpellier 

medical.   1864. 
SusiNi.    Recherches  sur  rimperm^bib'tS  de  repithelium  vesical.  Journal  de  TAnato- 

mie.  Robin.  1868.   p.  144. 
Kisselew.     Ueber  die  Endigung  der  sensiblen  Neryen  der  Hamblase.    Gentralblatt. 

ISm.   Nr.  22. 
Tn.  Engelmann.     Zur  Physiologie  des  Ureters.    Pflttger's  Archiv.     II.  4.  5.  Heft. 
BouviN.    Over  den  bouw  en  de  beweging  der  ureteres.    Utrecht.  1869. 


•  Pfluger*8  Archie  far  Physiologie,  1869,  2.  Bd.,  4.  5.  Heft. 


Digitized  by 


Google 


CHAPTER  XXIV. 


THE   TESTICLE. 


By  von  la  VALETTE  ST.  GEORGE. 

Outer  Tunics  op  the  Testicle. — The  testicle  in  Man  is  closely  surrounded 
by  a  dense  fibrous  envelope,  the  Tunica  albuginea,  which  is  continued  over 
the  upper  part  of  the  Epididymis. 

The  free  surface  of  this  fibrous  investment  is  covered  over  by  the  inner 
or  visceral  layer  of  the  Tunica  vaginalis  propria.  Hence  it  is  smooth  and 
shining. 

This  visceral  layer  of  the  Tunica  vaginalis  propria  (the  Tunica  adnata)  is 
inseparably  united  with  the  Albuginea  over  the  surface  of  the  testicle ;  over 
the  epididymis,  on  the  contrary,  it  is  but  loosely  attached.  The  tissue  of 
this  serous  covering  is  frequently  lengthened  out  into  tufted  excrescences,, 
which  are  found  both  at  the  sharp  edge  of  the  Epididymis  and  upon  the  up- 
per part  of  the  testicle.  They  have  been  exhaustively  described  by  v. 
Luschka.*  These  excrescences  are  covered  by  a  flattened  epithelium  in 
several  layers,  or  merely  by  round  cells  arranged  singly.  Cells  have 
also  been  observed  which  offer  an  irregular  form  and  show  constrictions. 

Fig.  188. 


mm" 


Fig.  187.  Excrescence  of  Tunica  vagi- 
nalis with  pylindrioal  epithelium.  a, 
vascalar  loop ;  6,  epithelium  ;  c,  nuclei 


Fig.  188.  Epithelium  of  the  Tunica 
albug^ea.  a,  border  tilted  up  ;  bj  cells  ; 
c,  nuclei. 


I  have  often  seen  these  excrescences  as  much  as  7  millim.  long  and  4  mm. 
broad,  and  among  them  some  which  were  covered  by  cylindrical  cells. 

Elsewhere  upon  the  Tunica  adnata  the  epithelium,  which  may  be  easily 
obtained  by  scraping  the  surface,  consists  of  a  layer  of  poly  bed  I'al  cells  of 
different  sizes,  with  sharply  defined,  oval  nuclei,  and  one  or  two  nucleoli. 
The  contents  of  the  cells  are  finely  granular,  and  sometimes  contain  little 
fatty  granules.  On  the  head  of  the  Epididymis  and  upper  part  of  the  tes- 
ticle are  situated  the  so-called  Hydatids  of  Morgagni,  of  which  the  upper — 
either  hollow  or  solid,  and  more  or  less  pediculated — is  considered  as  the  re- 
mains of  MuUer's  duct,  while  the  lower,  flattened  out  and  club-shaped,  some- 


Vuxjhow's  Archhy  Bd.  vi,  S.  331. 
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times  communicates,  according  to  v.  Luschka,*  with  the  canal  of  the 
epididymis.  A  convolution  of  closed  tubules,  distended  at  each  end  into 
a  clubbed  shape,  may  be  found  lying  between  the  head  of  the  epididymis 
and  the  Vas  deferens.  It  has  been  named  Corpus  innominatum,  Parepi- 
didymis, Organ  of  Girald^s  by  Gii-aldes,f  Henle,J  and  KoUiker  §  respec- 
tively. It  is  probably  the  remains  of  the  Wolffian  body — an  analogue  ot 
the  Parovarium. 

The  fibrous  covering  of  the  Testicle  is  cbmposed  of  connective  tissue 
with  a  few  fine  elastic  fibres.  Its  thickness  increases  towai'ds  the  posterior 
border  of  the  testicle.  Here,  under  the  name  of  Mediastinum  testis  or  Cor- 
pus Highmori  it  passes  to  the  inside  of  the  gland.  Moreover  it  sends  into 
the  gland  from  its  entire  under  surface — besides  scattered  bundles  of  connec- 
tive-tissue fibres — the  flat  processes,  known  as  the  Septula  testis,  which 
are  directed  toward  the  Mediastinum. 

The  parietal  layer  of  the  Tunica  vaginalis  propria,  like  the  visceral,  is 
composed  of  connective  tissue,  traversed  by  fine  elastic  fibres  and  covered 
on  its  inner  surface  by  the  same  simple  flattened  epithelium. 

The  Tunica  vaginalis  propria  is  covered  by  a  second  layer  of  connective 
tissue,  the  Tunica  vaginalis  communis,  which,  above,  is  only  a  loose  lami- 
nated structure,  but  becomes  more  dense  towards  the  point  of  the  testicle. 

On  the  inner  side  of  this  Tunic,  between  it  and  the  Tunica  propria,  im- 
striped  muscular  fibres  were  found  by  Kolliker.  These  have  been  described 
by  Henle  as  Cremaster  intemus.  According  to  Eouget,  these  fibres  are 
also  prolonged  upon  the  Septula  testis.  ||  The  muscular  fasciculi  of  the  Cre- 
master externus,  sun*ounded  by  a  network  of  elastic  fibres,  are  spread  over 
the  surface  of  this  Tunica  communis.  There  are  found  upon  the  surface 
also,  according  to  Rektorzik,^"  little  rounded,  partly  pediculated  excrescences 
without  vessels.  The  outermost  coverings  of  the  testicles  are  furnished  by 
the  Scrotum.  The  subcutaneous  connective  tissue  of  the  scrotum  contains 
numerous  smooth  muscular  fibres,  arranged  singly  as  well  as  in  a  network 
of  continuous  fasciculi.  These  little  muscles,  according  to  Treitz,**  are  con- 
nected by  elastic  tendons  to  the  fore  part  of  the  pubic  bones,  the  Ligamen- 
tum  suspensorium  penis  and  the  Fasciae  latse.  This  Tunica  dartos,  whose 
ti-ue  structure  was  first  described  by  Kolliker,  is  attached  to  the  Tunica 
vaginalis  communis  by  a  loose  connective  tissue,  in  which,  posteriorly,  there 
is  a  layer  of  fat  cells,  ff  The  Dartos  forms  the  Septum  scroti,  which  divides 
the  cavity  of  the  scrotum  into  two  halves.  The  scrotum  is  provided  with  a 
darkly  pigmented  skin,  containing  sweat  and  sebaceous  glands  of  large  size. 

The  Internal  Parts  of  the  Testicle. 

Structure  of  the  Seminal  Tubules. — The  Septula  testis  partition  off  the 
testicle,  separating  the  true  glandular  substance  into  the  lobuii  testis. 

The  glandular  substance  consists  mainly  of  the  little  canals  of  the  testicle, 
the  Canaliculi  seminales,  which  are  convoluted  in  an  intricate  manner,  anas- 
tomose with  each  other  near  the  surface  of  the  organ,  and  finally  are  all 

♦  Virchow's  ArMv,  Bd.  vi.,  S.  810. 

SBuUetin  d,  I.  8.  anat.  de  Paris,  1857,  p.  789.     JowmtA  de  la  Phynque,  iv.  p.  1. 
IlandbucJi  der  Exngmddd,  S.  864. 
§  Handbueh  d.  Qewebd.  S.  637. 
r  C<mpt.  rend.,  t.  4.  p,  902. 
1  Wiener  Sitzungsberichte,  1857.     Jan.     S.  154. 
♦*  Prager  Viertdjahrsschnft,  1853,  1,  S.  113. 
ft  Henle,  Handbudi  der  Eingeweiddehre,  S.  420. 
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directed  towards  the  Mediastinum.  These  canals  finally  become  more 
straight ;  several  of  them  unite,  and  they  sink  into  the  Corpus  Highmori  and 
are  continued  on  to  run  together  and  form  the  Hete  testis.  Out  of  the 
upper  part  of  the  Rete  emerge  from  twelve  to  fourteen  tubules,  which 
again  become  convoluted  into  conically  shaped  masses,  Coni  vasculosi,  and 
constitute  the  head  of  the  epididymis.  They  empty  one  after  the  other  into 
the  canal  of  the  epididymis. 

This  latter,  which  is  also  much  convoluted,  lies  along  the  posterior  bor- 
der of  the  testicle,  and  gives  off  a  branch  ending  in  a  blind  extremity  called 
Vas  abermns.  It  finally  separates  from  the  testicle  and  mounts  up,  at  first 
still  a  little  wavy  and  then  perfectly  straight,  under  the  name  of  Vas  defe- 
rens. 

As  to  the  manner  in  which  the  canaliculi  commence,  the  majority  of 
authoi-s  (J.  Muller,  Krause,  Berres,  Beale,  Sappey,  Kblliker,  v.  Luschka) 
agree  that  they  originate  partly  in  blind  ends  and  partly  by  anastomoses.  I 
have  frequently  found  offshoots  with  rounded  (blind)  extremities  among  the 
Tubuli  seminiferi  of  a  child,  which  had  been  macerated  in  vinegar. 

The  seminal  tubules  measure  0.2  millim.  The  thickness  of  their  walls 
varies  with  the  amount  of  distention. 

Various  descriptions  have  been  given  of  this  membrane,  which  forms  the 
wall  of  the  tube.  According  to  the  older  statements  of  Henle,*  which  hold 
good,  as  he  supposes,f  for  the  smaller  Mammals,  it  is  clear  and  structure- 
less, and  contains  a  few  long  oval  nuclei.  Jiereboullet  |  states  that  it  is 
structureless  in  the  Rabbit.  Valentin  §  held  that  a  middle  muscular  layer 
could  be  demonstrated,  covered  internally  by 
pavement  epithelium,  and  bounded  externally  by  ^^^'  ^°^' 

a  clear  transparent  membrane  containing  oval 
cell-nuclei.  Gerlach]  finds  a  difference  between 
the  structure  of  the  seminal  canals  in  newly  bom 
and  young  animals  from  that  of  adults.  While 
in  the  former  the  walls  of  the  CanaUculi  are  com- 
posed of  a  structureless  membrane  as  clear  as  glaus, 
containing  few  or  many  oval  cell-nuclei,  in  the 
latter  he  found  externally  a  layer  of  connective- 
tissue  fibres,  containing  a  few  oval  nuclei.  Henle^ 
describes  the  membrane  of  the  seminal  canals  as  > 

follow8:-«It  appears  marked  longitudinally,  Jjf '  S  ^ri^A^, 
upon  a  longitudinal  section ;  concentrically,  upon  from  a  child  one  year  old! 
a  transverse  section.  In  both  sections,  dark,  seem- 
ingly rod-like  nuclei  are  seen  between  the  markings.  When  spread  out  and 
viewed  from  the  surface,  it  appears  homogeneous,  with  pale  circular  nuclei, 
arranged  in  quite  a  regular  manner.  Hence  we  may  conclude  that  it  is 
lamellar,  and  constructed  out  of  flat  scales  with  flattened  nuclei." 

Frey  **  distinguishes  two  layers,  the  one  a  structureless  Membrana  pro- 
pria, and  the  other,  exteiiial  to  it,  a  thick  covering  .of  a  striped  fibrous 
nature,  with  oval  nuclei.  He  gives  a  plate  from  the  testicle  of  the  Calf  as 
well  as  a  representation  of  Human  seminal  canals. 


*  AUgemdne  Anatomie,  S.  026. 
t  Ilandbiu^  der  Eingeweideiehre^  S.  354 
X  N.  A.  Acad.  Nat.  Cur.,  xxiil  10. 

§  Handworierbuch  der  Phymologie^  v.  R.  Wagner,  Bd.  i. ,  S.  785. 
if  HaTwibucfi  der  Oeitebdefirey  S.  367. 
iT  Handbuch  der  Eingeweiddehre,  S.  353. 
**  Handbuch  der  Histologie,  S.  607. 
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According  to  von  Hessling  *  the  seminal  canals  are  composed  of  a  struc- 
tureless glandular  membrane,  Membrana  propria  (1  /a  f  thick),  outside  of 
which  lies  a  sheath  of  lamellar,  finely  striped  connective  tissue,  3  /i' thick, 
furnished  with  long  oval  nuclei  and  sharply  separated  from  the  remaining 
interstitial  connective  tissue. 

Kblliker  J  styles  the  enveloping  membrane  of  the  seminal  tubules  a 
fibrous  tunic,  and  states  that  a  Uuing  Membrana  propria  on  the  inner  side 
of  the  same  may  be  easily  demonstrated  with  caustic  potash. 

Letzerich  §  gives  the  Babbit  a  structui*eless  membrane  fiimifihed  with 
pale,  elliptical  nuclei. 

I  myself,  in  a  Child  one  year  old,  after  maceration  of  the  testicle  in  vine- 
gar, found  the  contents  of  the  seminal  canals  suiTounded  by  a  very  fine, 
structureless  membrane,  outside  of  which  was  an  Adventitia  rich  in  nuclei. 

The  seminal  tubules  of  an  eight-inch  embryo  taken  from  a  Cow,  as  well  as 
those  taken  from  the  testicle  of  a  Calf,  showed  a  rather  thick  stnictureless 
Propna,  and  a  thin  Adventitia  containing  nuclei. 

In  Dogs,  Guinea-pigs,  and  Babbits  two  layers  are  always  distinguishable. 

On  the  other  hand  in  the  seminal  tubules  of  adult  Men  I  could  only  dis- 
tinguish one  membrane,  such  as  has  been  thoroughly  and  exhaustively  de- 
scribed by  Henle. 

Embedded  between  the  seminal  tubules  in  the  interstitial  connective 
tissue  the  peculiar  clusters  of  cells  are  found,  which  were  first  described  by 

Fig.  100.  Fig.  191. 


Fig.  190.     Portion  of  a  seminal  tubule  Fig.  191.    Portion  of  a  seminal  tubule 

of  an  embiyo  taken  from  the  Cow.     a,        from  the  Calf,     a,  adventitia ;  b^  pro- 
adventitia;  b^  propria.  pria. 

KoUiker,  ||  and  are  to  be  counted  among  the  ordinary  connective-tisstie 
cells.  1 

Leydig  **  also  speaks  at  length  on  this  point,  and  considers  it  to  be  the 
common  arrangement  in  Mammals,  that  the  connective  tissue  uniting  the 
seminal  tubules  should  contain  a  cell-like  mass,  which,  when  present  only  in 
small  quantities,  follows  the  course  of  the  blood-vessels,  but  on  the  other 
hand  embeds  the  seminal  tubules  entirely,  where  it  is  extensively  present. 
In  the  Boar  it  reaches  such  an  extreme  development  that  a  section  of  the 
testicle  presents  a  chocolate-colored  appearance.  The  same  holds  good  with 
the  Horse,  and  is  also  observed  in  the  Lizard. 

♦  Orundzuge  der  OewebeMire^   S.  328.  +  Micromillimetre.— 7Vrt7i«fat<?r>  note. 

iHandhitch  der  GewebeUhres  S.  521.  §  Virchow's  Archiv,  Bd.  xlii.,  S.  570.   J 

Mikroskopische  AnaUmie^  ii.  2,  S.  302.      1  HandJbuch  der  O&webeUhrej  S.  524. 
♦♦  Lekrbnch  der  Hietoiogie,  S.  594. 
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Henle  *  ha«  thoroughly  investigated  these  interstitial  collections  of  cells 
and  illustrated  them  by  figures.  They  consist,  according  to  him,  of  a  finely 
granular  substance,  not  unlike  the  contents  of  ganglion  cells,  and  sprinkled 
with  nuclei,  which  are  easily  distinguishable  from  the  nuclei  of  the  contents 
of  the  seminal  tubules,  by  their  similarity  of  foi*m,  their  smaller  size  (3  /i), 
their  globular  shape,  and  central  nucleoli,  which  are  everywhere  visible. 
Henle  considers  them  an  essential  constituent  of  the  gland,  although  he  is 
unabl^  to  attribiite  to  them  any  share  in  its  function. 

It  is  easy  to  demonstrate  th  accuracy  of  the  above  descriptions.  Tlie 
role  of  these  clusters  of  cells  remains  problematical. 

After  the  seminal  tubules  have  entered  into  the  mediastinum  testis,  they 
lose  their  own  special  walls  and  pass  on  into  the  more  or  less  wide,  irregular 
cavities  of  the  K«te  testis. 

The  Vasa  efferentia  are  thicker  (0.6-0,4  millim.)  than  the  seminal  tubules, 
since  a  considerable  layer  of  unstriped  muscular  tissue  is  added  to  their 
walls. 

The  Cellular  Contents  of  the  Seminal  Tubules. — Tlie  outermost 
layer  of  the  cells  forming  the  contents  of  the  seminal  tubules  has  indeed 
also  been  styled  the  epithelium  of  the  tube.  If  I  fail  to  indorse  this  posi- 
tively, still  I  can  make  out  a  peculiar  form  in  the  cells  of  this  outer  zone. 
According  to  a  notice  by  Kblliker,f  Sertoli  describes  these  cells  as  possess- 
ing processes  and  closely  connected  with  each  other.  His  preparations  were 
made  by  treating  the  testicle  witli  a  solution  of  sublimate,  at  0.5  per  cent, 
strength,  and   subsequent   maceration  in  water.     Unfortunately  Sertoli's 

Fi^.  192. 


Fig.  192.  Cells  of  the  oat«r  zone  from  the  seminal  tubules  of  the  Steer,  a,  b  ;  e, 
of  the  Dog.  j 

work  was  not  accessible  to  me,  yet  I  do  not  doubt  but  that  these  cells  were 
the  same  as  those,  which  I  succeeded  in  getting  a  representation  of,  taken 
from  the  Steer  and  the  Dog  after  treating  the  testicle  with  chromic  acid  at 
J  per  cent,  sti'ength  or  iodized  sei-um  (for  24  hours). 

Merkel  J  also  discovered  these  cells,  and  believes  them  to  constitute  an 
open  cellular  network,  symmetrically  permeating  the  entire  seminal  tubule, 
like  a  sponge,  without  any  fibrillar  offshoots,  but  anastomosing  by  fiat  pro- 
cesses  from  the  cells. 

The  significance  of  these  cells  Ijb  at  present  date  unknown. 

The  contents  of  the  seminal  tubules,  as  Henle  has  correctly  stated,  are 
often  found  arranged  in  a  radiated  manner.     Within  the  outside  zone  of 

♦  Handbueh  d&i"  JSingeweiddehre,  S.  358.        f  ffandhv^ch  der  OewebMire^  Si  580. 
X  OoUinger  N€t6hrichten^  1863,  Nr.  1,  S.  7. 
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cells,  which  has  just  been  described,  are  found  others,  differing  from  them, 
as  well  as  from  each  other,  but  which  have  the  same  ultimate  destiny,  and 
therefore  may  be  called  at  once  seminal  cells.     Two  typical  forms  of  these  cells 


Fig.  193. 


Figr.  193.  Seminal  cellB  of  the  Dog^ 
and  Steer,  a^  cells  from  the  seminiil 
tubules  of  the  Dog  with  one,  and  others 
with  many  nuclei;  A,  multi -nucleated 
cells  from  the  Steer. 


Fig.  194 


Fig.  194.  Budding  cells  and  chains  of 
cells  from  the  Chaffinch,  a;  Goldfinch, 
b  ;  and  brown  Land-frog,  c. 


Fig.  195. 


%  ^  "^ 


may  be  observed,  the  one  with  dark  granular  nuclei,  and  the  other  with 
bright  nuclei,  with  or  without  nucleoli.  The  number  of  the  nuclei  is  very 
variable.  Cells  with  one  and  two  nuclei  are  most  numerous,  but  the  num- 
ber of  nuclei  may  reach  thirty  or  more. 

Many  forms  indicate  an  energetic  cell  proliferation.    Budding  cells  may  be 

seen,  and  chains  of  cells  very  similar  to  Pfluger's  *  "  Egg-chains  "  (Eiketten). 

In  Invertebrates  the  cell  proliferation  very  commonly  takes  place  by 

sprouting  or  budding.     In  this  way  the  mulberry-like  clusters  of  cells  are 

formed,  which  ai-e  seen  in  the  testicles 
of  many  of  the  lower  animals.  Con- 
striction of  the  nucleus,  as  it  takes 
place  before  segmentation,  may  be 
veiy  beautifully  observed,  especially  in 
young  animals. 

Both  the  singly-nucleated  and  the 
many-nucleated  seminal  cells  manifest, 
besides  these  indications  of  prolifera- 
tion, still  another  expression  of  their 
life,  by  their  amoeboid  movements, 
which  were  first  noticed  by  me,f  and 
since  then  have  been  discovered  in  all 
classes  of  animals.  In  the  brown  Land- 
frog,  as  well  as  in  the  Vine-snail,  I  have 
observed  little  non-nucleated  masses, 
apparently  of  unconsumed  protoplasm, 
undergoing  very  active  changes  of  form, 
an  occurrence  which  has  been  described 
in  a  similar  manner  by  Grohe,J  and 
made  out  by  Strieker  §  in  another  region,  namely,  in  the  milk  of  lying- 
in  women. 


Fig.  195.  a,  cells  from  the  testicle 
of  the  fish-leech  in  progressive  prolif- 
eration ;  6,  the  same  from  the  medici- 
nal leech. 


*  Ueber  die  Eiemtoeke  dtnr  Saugethiere  und  dea  Menschen,  S.  53. 
t  Ueber  eine  netie  Art  amabaider  ZeUen^  Schultze's  Archiv^  1,  S.68. 
1  Virchow's  Archiv^  Bd.  xxxii,  S.  416. 
§  Wiener  SiUungsberichte,  1866,  S.  184. 
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The  Yasa  efferentia  possess  a  simple  cylindrical  epithelium  with  short 
cilia.  In  the  canal  of  the  epididymis  the  epitheTinm  is  composed  of  cells 
-with  very  long  oval  nuclei  supplied  with  long  tufts  of  cilia.  Under  this 
layer  comes  a  second  of  small  round  cells  with  circular  nuclei.  O.  Becker 
found  also  ciliated  cells  in  the  Hydatids  of  Morgagni — as  I  am  able  to 
certify. 

Fig.  196.  Fig.  .197. 


^  Q  ^ 


Fig.  196.    Cells,  a,  and  nndeuB,  b^  from  Fig.  197.  Amoeboid  bodies  from  the 

the  testicle  of  the  brown  Land-frog.  testide  of  the  Bana  tempoiaria. 

The  Various  Forms  of  Seminal  Elements. — Besides  the  cellular 
elements,  which  iill  up  the  tubules  of  the  testicle  and  have  just  been  de- 
sciibed,  we  find  other  figures  of  characteristic  shape  in  adult  animals,  chiefly 
in  the  centi'o  of  those  parts  of  the  gland  whose  function  is  to  produce 
semen.  These  are  the  seminal  elements,  which  wei*e  first  discovered  by 
John  Ham  of  Amheim  *  in  Human  semen  after  it  had  been  voided.  They 
have  since  been  thoroughly  studied  and  have  been  named  Spermatozoa, 
Spermatozoids,  Spermatoids,  or  Zoospermata. 

They  supply  the  male  procreative  factor  and  are  constant  in  the  species, 
but  vary  greatly  in  form  in  the  different  classes  of  animals. 

JProtozoa. — Seminal  elements  have  been  already  found  in  all  the  divisions 
of  the  animal  kingdom.  Even  the  Infusoi-ia  possess  them.  Hei*e  they 
were  first  described  by  John  MUller  in  the  Paramecium  aureiia,  as  thread- 
like bodies,  which  fill  up  the  enlarged  nucleus.  Subsequently  they  were 
further  investigated  by  Clapar^de,  Lachmann,  Lieberkiihn,  Balbiani,  and 
Stein. 

In  the  Sponges  (Spongilla)  Lieberkiihn  discovered  Zoospermatic  cor- 
puscles composed  of  an  oval  head  and  a  tail. 

Ccdenterata. — The  seminal  elements  of  the  Coelenterata  display  a  round 
or  oblong  head  with  a  tail  attached :  Actinia,  Hydra,  Ohrysaora,  Eudoxia, 
Khizostoma,  Athorybia. — (v.  Siebold,  Kolliker,  Heine,  Busch,  Gegenbaur.) 

JSckinodermata. — We  find  a  similar  form  in  the  rounded  bodies  and. fine 
hair-like  tails  of  the  Echuiodermata.  Holothuria,  Spatangus,  Echinus, 
Asteracanthion. — (Valentin,  Peters,  Kolliker.) 

Worms, — Worms  show  a  great  variety  in  the  forms  of  their  seminal 
elements.  While  the  Cestoidea  and  Trematoda  (v.  Siebold,  Kolliker)  as 
well  as  the  Turbellaria  (Max  Schultze)  possess  hair-like  seminal  elements, 
we  find  in  the  Nematoidea  very  peculiar  shapes,  with  club-like  or  stalf-like 
forms  (Reichert,  Schneider,  Meissner,  Clapai'^de).  Schneider  discovered 
amceboid  movements  in  these  elements.  The  Sternaspis,  according  to  Max 
Miiller,  possesses  short  seminal  elements  running  to  a  point  at  one  end. 
Rain-worms  have  seminal  threads  a  little  thickened  at  one  end.  In  the 
Branch iobdella  they  appear  very  thin  and  drawn  together  at  one  end  into  a 
spiral  form  — (v.  Siebold.) 

In  the  Thread- worms  the  seminal  elements  have  been  found  to  possess 
globular  or  nearly  pyriform  heads  and  fine  tails:  Phyllodoce,  Syllis — 
(Ehiers,  Keferstein.) 

Arthropoda. — The  seminal  elements  of  the  Arthropoda  are  especially 


*  Halbertsma,  Arekhfur  diU  TuM.  Beitrage,  1866,  S. 
8d 
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interesting  from  their  greatly  varied  structure.  Thus  Ley  dig  describes  in 
the  Notomata  Sieboldii  elements  curved  into  a  crescentic  shape,  with 
nucleus  and  nucleolus,  having  a  distinct  undulating  membrane  attadied  to 
one  border.  Others  are  like  a  stout  little  rod,  swelling  out  in  the  middle. 
Here  then  two  forms  of  seminal  elements  are  found  in  the  same  individual. 

The  Cirripedia  possess  also  simple  hair- like  seminal  elements :  Balanus, 
Lepas  (v.  Siebold,  Kolliker).  Frey  and  Leuckart  represent  the  seminal 
elements  of  the  Caligtis  as  oval  bodies  which  have  the  genetic  significance 
of  nuclei.  In  the  Cyclops  quadriformis,  according  to  Zenker,  they  are 
staff-like  and  wound  around  twice.  In  the  Cyclopsina,  according  to  v. 
Siebold,  they  have  an  oval  form. 

The  seminal  elements  of  the  Ostracoda  possess  a  very  wonderful  and 
complicated  form,  according  to  the  representations  of  Zenker  and  Metsch- 
nikow.  In  the  Cypris  ovum  they  are  three  times  as  long  as  the  entire 
animal  and  have  the  form  of  a  spiral  rod,  bordered  along  its  side  by  a  flat 
spiral.  The  seminal  elements  of  the  Cythera  viridis  present  also  a  very 
unsymmetrical  figure.  According  to  Zenker  they  are  possessed  of  a  whip- 
like appendage.  They  are  broad  and  sharply  cut  at  one  end,  while  the 
other  end  is  pointed  and  has  a  process  attached  to  it  at  a  right  angle  which 
appears  twisted  like  a  band  around  its  axis.  The  Argulus  has  seminal 
threads,  according  to  the  observations  of  Leydig,  while  the  seminal  elements 
of  the  Phyllopoda  (Artemia,  Branchipus)  wei-e  obsei'ved  by  him  to  retain 
the  cellular  form.  They  are  small  vesicle-like  bodies  about  S/j.  in  diameter, 
containing  a  bright  speck.  Leydig  I'epresents  the  seminal  elements  in  most 
of  the  varieties  of  the  Daphnida  as  small,  rod-like  forms.  In  some  varieties 
he  observed  cells  possessing  bodies  like  nuclei  with  long  and  stiff  outstanding 
rays  (Daphnia  rectirostris).  The  species  Polyphemus  is  furnished  with 
cells  with  uncommonly  large  rays. 

In  this  animal  as  well  as  in  other  Daphnida  Leydig  saw  cells  dL^playing 
amoeboid  movements. 

We  are  made  acquainted  with  the  very  peculiar  seminal  elements  of  the 
Decapoda  by  Henle,  v.  Siebold,  Kolliker,  Frey,  and  Leuckart. 

They  are  stout  little  cell-like  figures  with  thread-like  processes  radiating 
from  them.  Owsjannikow  makes  the  important  announcement  that  these 
■rays  can  be  drawn  in  again,  whereby  the  seminal  element  assumes  a  per- 
fectly round  shape. 

The  seminal  elements  of  the  Mysis  are  filamentous  (v.  Siebold,  Frey,  and 
Leuckart). 

In  the  Ci-angon  and  Paleemon,  according  to  the  investigations  of  v.  Siebold, 
they  have  the  appearance  of  little  flattened  vesicles  from  the  midst  of  which 
a  sharp  point  projects. 

In  the  Amphipoda  and  Isopoda  we  find  stiff  threads  either  running  to  a 
point  at  both  ends  (Oniscus)  or  having  at  one  end  a  cylindrical  pointed 
appendage  (Asellus).  In  this  Asellus  the  upper  j»ortion  of  the  thread  is 
bent  at  an  angle  and  breaks  off  easily  near  its  head,  a  circumstance  which 
has  given  rise  to  a  description  of  two  forms  of  seminal  elements  in  these 
Isopoda  (Zenker). 

in  the  Arachnida  a  wide  difference  in  the  form  of  the  seminal  elements 
is  noticeable  in  the  different  orders.  They  are  simple  hair-like  forms,  in  the 
Scorpio  europ.,  exhibiting  lively  movements  according  to  Kolliker.  Those 
of  the  Tardigrada  are  spindle-shaped,  with  an  oval  head  which  continues 
into  two  terminal  vibrating  tails  (Doy^re,  Greiff). 

In  the  Araneides  we  find  corpuscles  devoid  of  motion,  of  rounded  or  kid- 
ney shape,  with  round  or  oval  nuclei :  Tegenaria,  Lyoosa  (v.  Siebold). 
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The  Acarides  show  globular,  spindle-,  or  club-shaped,  or  staff-like  seminal 
elements:  Trombidium,  Bdella,  Hydrachna,  Ixodes  (v.  Siebold).  Among 
the  contents  of  the  testicle  of  the  A  tax,  Olapav^de  saw  cell-shaped  seminal 
elements,  spherical  corpuscles  with  little  rod-like  nuclei. 

The  seminal  element  of  the  Miriapoda  oiler  two  diiiereut  types.  Those 
of  the  Chilognatha  are  spindle-shaped  or  conical  stiff  figures :  Glomeris,  Ju- 
lus  (Leuckart).  The  Chilopoda  on  the  contrary  possess  long  threads,  en- 
dowed with  motion :  lithobius,  Geophilus  (Stein). 

The  class  of  Insects  present  almost  universally  hair-like  seminal  elements 
pointed  at  both  ends.  Their  motion  is  wave-like,  serpentine  often,  with 
cue  end  stiff.  In  dilute  fluids  they  often  draw  themselves  into  the  shape  of 
a  scoop. 

Fig.  IJW.  Fig.  199. 


Fig.  198.     Seminal  elements  of  the  Fig.  199.     Seminal  elements  of  the 

Blape  mortisago.  Helix  nemoralis. 

A  deviation  from  this  simple  form  has  been  recognized  only  (by  v.  Sie- 
bold)  in  the  Locusta  and  the  Decticus.  These  Grasshoppers  possess  a  sem- 
inal eh^ment  which  is  long  drawn  out  and  has  an  angular  appendage  attached 
to  one  end  of  it. 

Molhisca. — The  seminal  elements  of  the  Bryozoa  are  pinnshaped,  with  the 
head  more  or  less  flattened :  Alcyonella  (van  Beneden,  Dumortier).  In  the 
Flustra  camosa  they  are  linear — bent  in  a  slightly  undulating  manner.  In 
the  Alcyonidium  gelatinosum  the  head  is  pointed,  has  one  surface  arched 
and  the  other  smooth,  and  a  tail  attached  which  becomes  thicker  at  its  mid- 
dle (Kolliker). 

In  the  Salpa  we  find  the  hair-like  form  again,  while  in  the  Ascidians  they 
were  observed  (Kolliker)  with  a  cylindrical,  pyriform,  or  elliptical  head  to 
which  a  hair-like  tail  was  attached :  Cyclas,  Unio,  Anodanta,  etc.  (Wagner, 
V.  Siebold). 

The  seminal  elements  of  the  Cephalophora  show  a  great  diversity  of  form. 

In  the  .Pteropoda  they  are  described  by  Gegenbauer  as  thickened  and 
slightly  drawn  into  a  spiral  at  one  end,  while  the  other  end  runs  ofl*  into  a 
fine  thread,  which  swells  out  into  a  little  vesicle  before  it  terminates. 

In  the  order  of  the  Gasteropoda  also  we  find  much  diversity  in  the  form 
of  the  seminal  elements.  Some  have  oval  or  pyriform  heads,  sometjmes 
showing  a  central  contraction :  Chiton,  Trochus,  Patella,  Haliotis  (Kolliker, 
Wagner,  £rdl) ;  others  are  hair-like,  pointed  at  both  ends :  Turbo,  Bucci- 
nium.  Purpura.  In  the  Doris  there  is  a  little  thickening  near  the  end  and 
they  appear  to  be  slightly  twisted  (Kolliker).  Sometimes  they  have  a  little 
pointed  knob  at  one  end ;  LymnoBus,  Plauorbis,  Helix  (v.  Siebold,  v.  la  Ya- 
lette  8t  C^rge). 

Particularly  wonderftil  is  the  occurrence  of  two  forms  of  seminal  bodies 
in  the  Paludina  vivipara,  discovered  by  v.  Siebold  and  afterwards  very  ex- 
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Fig.  200. 


Pig.  200.     The  two  forma  of  aemi- 
xial  elements  of  the  Paludina  yivipaxa. 


Fig.  201. 


haustively  described  by  Leydig.  Short  seminal  tbi-eads  ai-e  seen  twisted 
at  one  end  like  a  corkscrew  and  near  by  other  larger  bodies  of  rod-like  form, 
from  the  thicker  end  of  which  springs  a  tuft  of  short  hairs. 

The  seminal  elements  of  the  Hetero- 
poda  consist  of  a  longish  body,  rather 
thicker  in  front,  drawn  out  posteriorly 
into  a  tail  which  becomes  finer  and 
finer  toward  the  end :  Atlanta  Carina- 
ria  (Milne-Edwards,  Gegenbauer). 

In  the  Cephalopoda  we  find  cylin- 
drical  heads  with  their  hair-like  tails : 
Loligo,  Sepia,  Sepiola  (v.  Siebold, 
Milne-£d wards,  Peters),  or  simple  hair- 
like forms :  Octopus  (Philippi). 

FUJies.  —  The  seminal  elements  of 
the  Amphioxus  are  filamentous,  accord- 
ing to  Kolliker,  with  rounded  heads, 
which  are  rod-like  or  egg-shaped  in  the 
Lamprey :  Petromyzon  fluviata,  marinus  (Ecker,  J.  Miillcr).  The  Osseous 
Fishes  commonly  possess  very  small  pin-like  seminal  elements :  Perca, 
Cyprinus  (Wagner,  Kolliker),  which  in  the  Cobitis  are  provided  with  a  little 
knob  below  the  head  (Wagner,  Ecker).  In  the  Salmona 
the  head  is  oval,  pointed  in  front  and  having  a  form  like 
the  heart  on  playing  cards.  This  head  is  formed  of  two 
parts  separated  by  a  shallow  furrow  (Owsjannikow). 

The  seminal  elements  of  the  Dog-fish  and  Koach  are 
by  far  larger,  and  have  spindle-shaped  heads  often  spi- 
rally twisted  :  Squalus,  Torpedo,  Raja  (Wagner,  Ecker,  v, 
la  Valette  St.  George). 

Amphibia, — The  seminal  elements  of  the  Triton  and 
the  Salamander  afford  very  striking  figures,  and  on  that 
account  have  been  the  subject  of  exhaustive  investigations 
^v.  Siebold,  Czermak).  The  spindle-shaped  head  is  con- 
tinued into  a  long  tail,  along  the  long  axis  of  wbich  is  at- 
tached an  undulating  border  like  a  shii't-frill. 

In  the  Pelobates  the  head  is  very  long  and  twisted  into 
a  spiral  (Wagner,  Leuckart). 

The  seminal  elements  of  the  Bombinator  are  spindle- 
shaped.  A  thin  undulating  border  skirts  along  the  side 
as  in  the  case  of  the  Salamander  (Wagner,  Leuckart,  v. 
Siebold). 

In  the  Frogs  of  this  region,  Rana  esculenta  and  tem- 
poraria,  the  seminal  elements  difier,  in  that  those  of  the 
former  have  a  cylindiical  head-end,  while  in  the  latter  it 
appears  nearly  linear. 

jReptilia. — The  seminal  elements  of  the  scaly  Amphibia 
have  cylindrical  or  spindle-shaped  heads  with  long  tails : 
Lacei-ta,  Coluber  (Ecker). 

Hirds. — We  find  again  a  similar  fonn  in  Birds.     The 
head  is  either  simple,  cylindrical,  straight,  as  in  the  Dove, 
Heron,  Seargull,  Birds  of  prey,  and  Ox-eye-creepers,  or 
drawn  to  a  ])oint  at  both  ends  and  with  a  corkscn^w-twist :  Singing  birds 
(Wagner,  Leuckart,  v.  la  Valette  St.  George). 
Mmnifwlia, — The  seminal  elements  of  Mammals  are  constructed  accordiiig 


Fig.  201.  Sem- 
inal element  of  a 
Canaiy-bird. 
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Fig.  202. 


to  a  oommon  type  in  so  fisir  as  this,  tbat  they  consist  of  a  thickened,  more  or 
less  orbicular  head  with  a  thread-like  tail  attached. 

In  the  Boar  the  head  is  egg-shaped,  with  the  point 
turned  towards  the  tail  and  equally  flattened  on  both 
sides.     The  same  obtains  in  the  Kam,  Steer,  Stallion. 

On  the  other  hand  the  form  of  the  head  in  the  Boden- 
tia  is  very  variable. 

In  the  Rabbit  the  head  is  oval,  flattened  on  the  side, 
with  the  point  cut  short  at  the  {joint  of  junction  with 
the  tail.  In  the  Guinea-pig  it  is  a  nearly  circular  disk, 
with  a  peculiar  hood-like  appendage  at  the  upper  border. 
In  Kats  and  Mice  the  head  looks  something  like  a 
hatchet-lvead,  and  the  tail  attached  like  the  handle  of  the 
hatchet.  The  upper  end  of  the  head  is  bent  back,  long 
and  pointed  in  the  Rat,  shorter  in  the  House-mouse,  and 
curved  in  the  Field-mouse. 

In  the  Dog  the  head  is  pyriform,  in  the  Cat  egg- 
shaped  :  the  tails  spring  from  the  broader  ends. 

In  the  Hedgehog  the  head  is,  as  it  were,  cut  off  to- 
ward the  lower  end.     The  tail  is  inserted  at  the  side. 
In  the  Bat  the  head  is  also  cut  off  at  one  end,  but  the 
tail  is  inserted  into  the  centre  of  the  under  border. 

In  Monkeys  the  head  is  egg-shaped,  with 
the  broad  end  turned  toward  the  tail.  The 
seminal  elements  of  Men  have  an  oval  head, 
whose  lower  border,  turned  towards  the  tail, 
b  thicker  and  rounded  off.  The  head  contin- 
ues forward  into  a  thin  hood  somewhat  deej)- 
ened  centrally.  On  this  account  the  head, 
seen  from  the  side,  appears  more  or  less  pyri- 
form. Leuckart  called  my  attention  to  the 
fact  that  this  thickening  is  i-ather  more  prom- 
inent on  one  surface  than  the  other.  The 
length  of  the  head  is  5  /x,  the  breadth  3  /a,  the 
greatest  thickness  1  /a.  The  tail  is  a  little  re- 
duced at  its  attachment  to  the  head,  then  gets 
thicker  (to  1  /jl),  and  continues  (to  a  length  of 
50  /a)  to  a  very  fine  point. 


Fig.  202.  Semi- 
nal elements  of  the 
House-mouse. 


Fig.  208. 


Fig.  203.  deminal  elements 
of  Man  ;  a,  undeveloped ;  d, 
mature. 


Structure  op  the  Seminal  Elements. — We  have  received  recently  some 
interesting  communications  concerning  the  more  minute  structure  of  the 
seminal  elements  of  the  Vertebrates. 

According  to  Valentin  *  ike  spermatoid  elements  of  Bears  contain  three 
rounded  striped  bands,  a  forward,  a  middle,  and  a  posterior  band.  Hartnack 
considers  these  bands  to  be  elevations  and  depressions,  which  disclose  them- 
selves by  a  change  in  the  light  and  shade,  according  to  the  direction  in 
which  the  figure  is  illuminated.  Valentin  and  Thury  give  plates  of  these 
bands  in  the  seminal  elements  of  Bears,  Rabbits,  and  Dogs.  The  Cat,  Bam, 
and  Guinea-pig  also  show  them,  but  less  distinctly.  With  powerful  lenses 
they  can  be  seen  without  difficulty  as  I  have  drawn  them,f  from  the  Dog 


•  ZeUmhHftf.  r.  nud.  8  R.,  Bd.  18,  S.  217,  u.  Bd.  21,  S.  80. 
.     t  Ueber  dte  &mese  der  Samsnkdrper,  M.  Sofaultse'e  Arehdt,  1867,  Bd.  ill  Taf.  ziv., 
Fig.  ii  and  v. 
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and  Rabbit,  with  a  No.' IX.  Harinack  lens.     They  may  be  recommended  as 
test  objects. 

Grohe,*  after  very  exbanstive  investigations,  condudes,  that  the  seminal 
elements  consist  of  two  different  parts,  a  structui^eless  envelope  and  a  con- 
tractile content,  which  is  present  in  greatest  abundance  in  the  head.  The 
bands,  above  described,  he  attributes  to  a  difference  in  the  distribution  of 
the  contents  within  the  envelope. 

•  He  is  sustained  by  Schweigger-Seidel  f  in  so  far  as  the  latter  assumes  an 
outer  containing  sheath,  and  a  oontained  mass,  although  he  only  succeeded 
in  demonstrating  the  former  as  a  distinct  envelope  in  Amphibia  and  Birds. 
Between  the  head  and  the  tail  Schweigger-Seidel  distinguishes  a  so-called 
^^  Middle-piece,"  which  he  establishes  in  the  Frog,  Triton,  Cock-finch,  and 
many  Mammals.  I  have  already  been  able  to  confirm  his  statements  in  Man, 
Hedgehog,  Dog,  Guinea-pig,  Rabbit,  Frog,  and  Triton,J  as  has  also  KoDiker.  § 
In  apparently  mature  seminal  elements  I  did  not  always  suceeed  in 
making  out  that  boundary  of  the  Middle-piece  which  lies  towards  the 
tail,  consequently  I  was  obliged  to  resort  to  an  investigation  of  semen  taken 
from  within  the  female  genital  passages.  A  female  Bat,  which  hud  been 
sitting  in  solitude  for  36  hours,  gave  me  the  desired  opportunity.  I  found 
the  vagina  and  uterus  filled  with  seminal  elements  in  active  motion.  All 
Exhibited  a  very  marked  Middle-piece.  The  length  of  the  Middle -piece 
I'anges  according  to  Schweigger-Seidel  between  9  and  23  /i.  In  Man  it 
reaches  6  ft. 

The  Motion  of  the  Seminal  Elements. — In  certain 
Fig.  204.  animals,  as  I  have  already  remarked,  the  seminal  elements 

are  entirely  motionless  even  within  the  female  genital 
passages :  Oniscus ;  in  others  we  find  the  commencement 
of  motion  in  the  amoeboid  changes  of  form :  Nematode 
(Schneider),  Daphnia  (Leydig),  Ci*abs  (Owsjannikow). 
The  majority  of  seminal  elements,  however,  are  very  de- 
cidedly ca[>able  of  change  of  position.  This  is  veiy  much 
assisted  bv  the  above  described  undulating  membranes. 
The  motion  may  be  uniformly  progressive  (in  a  forward 
direction),  as,  for  example,  in  the  Canary-bird,  in  which 

Fig.  204.  Semi-  Q^se  the  entire  seminal  body  revolves  with  great  rapidity 
nal  elements  of  the  j  •.  j*         j   •  :  • 

Bat  with  distinct     *^"^"  ^^  ^^^  *^*s — or  spasmodic  and  iiTegular,  as  in 
Middle-piece.  Mammals.     Between  these  points  are  found  all  possible 

variations.  The  head-end,  where  it  is  distinguishable, 
goes  forwards.  Grohe  maintains  that  the  motion  is  brought  about  by  a  con- 
traction of  the  contents  of  the  head,  which,  however,  I  (with  Schweigger- 
Seidel  and  Kolliker)  do  not  admit.  I  have  never  obsei'ved  that  sort  of 
change  in  the  head,  but  on  the  other  hand  have  often  seen  headless  threads 
in  most  active  motion.  I  must  also  dispute  the  assertion  of  Schweigger- 
Seidel  that  the  Middle-piece  remains  rigid  and  takes  no  part  in  the  motion. 

The  duration  of  the  movements  is  very  different,  according  to  the  medium 
in  which  the  seminal  elements  are  placed.  It  continues  for  48  hours  in  the 
body  of  the  animal.  In  the  female  genital  passages  it  is  still  demonstrable 
after  8  days. 

Alkaline  solutions  are  favorable  to  the  continuance  of  this  motion,  acid 
or  too  dilute  fluids  are  unfavorable.     Kolliker  ||  has  discovei'«d  that  a  con- 

♦  Virchow's  Archiv,  Bd.  xxxii.,  S.  416.        +  Sohultze's  Arehiv,  Bd,  i,,  S.  809. 
t  I'ooo  citato,  p.  264.  %  Handhuch  der  GmeeMehre,  1867,  S.  530. 

I  ZeitsehriftfuT  wiu.  ZoologiSy  Bd.  yii,  S.  201. 
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oeutrated  solution  of  salt,  sugar,  or  albumen  will  restore  to  seminal  elements 
the  motion  which  has  been  lost  by  their  having  been  placed  in  water. 
Caustic  potash  and  lime  (^-50  per  cent,  strong)  act  as  excitants  of  motion,  as 
does  also  Curara  in  an  exquisite  manner.  Cocaine,  like  sulphate  of  morphia, 
has  no  action  upon  the  motion  (Wagner,  Kolliker,  Leuckart,  Montegazza). 
According  to  the  latter  author  *  the  seminal  elements  of  Man  retain  their 
power  of  motion  from  — 15°  to  +47°  C. 

Frozen  semen  recovers  its  activity  after  thawing.  It  has  been  kept  by 
Montegazza  at  0°  C.  for  four  days  without  injury.  Semen  dried  in  a  solution 
of  salt  or  in  indifferent  substances  can,  in  certain  cases,  according  to  KolU- 
ker,  be  again  rendered  active  by  dilution  with  the  same  fluid  or  with  water. 

Development  op  the  Seminal  Elements. — The  origin  of  the  seminal  ele- 
ments has  been  iuquii*ed  into  to  such  an  extent,  that  it  is  astonishing  that 
the  theme  has  not  long  since  been  exhausted.  The  reasons  for  thiH  are  to 
be  found  in  the  peculiar  obstacles  to  observation  offered  by  the  minuteness 
of  the  object,  the  difficulty  of  discovering  fluids  (in  which  to  carry  on  the 
observations)  which  will  not  acb  upon  the  object,  and  the  circumstance 
that,  at  least  in  the  higher  animals,  the  different  forms  of  the  seminal  ele- 
ments, in  their  different  stages  of  development,  are  not  widely  sepai-ated. 
Before  their  origin  was  known,  as  was  natural,  the  most  varied  opinions 
were  entertained  concerning  their  nature  and  signiflcance,  opinions  which 
it  was  reserved  for  after- time  to  overthrow. 

Kolliker  f  first  established,  that  the  seminal  elements  were  to  be  consid- 
ered, not  as  individual  living  beings,  but,  on  the  contrary,  as  elementary 
portions  of  the  organism.  He  taught  their  origin  from  cells,  that  they  were 
formed  in  the  cell  nuclei,  in  which  they  continued  for  a  certain  length  of  time, 
and  then  remained  rolled  up  in  the  cell,  until  the  latter  burst  and  they  be- 
came free. 

Kolliker^s  theory  was  actively  opposed  by  Reichert,  J  who,  supported  by 
his  investigations  upon  the  Strongylus  auricularis  and  Ascaris  acuminata, 
upheld  that  the  seminal  bodies,  onginating  in  elementary  nucleated  cells, 
were  evolved,  with  all  their  constituent  parts,  by  the  process  of  cell-forma- 
tion, from  portions  of  the  contents  of  the  mother-cells. 

Leuckart  expresses  himself  as  follows  on  the  development  of  the  seminal 
bodies.  Sometimes,  he  remarks,  the  entire  senunal  cell  is  changed  with  all  its 
parts  into  the  seminal  element,  sometimes  the  seminal  element  is  developed 
entirely  from  the  nucleus,  and  finally  it  is  sometimes  formed  from  the  con- 
tents of  the  seminal  cell.  In  the  last  case  Leuckart  does  not  consider  the 
developmental  vesicles  of  the  seminal  cells  as  nuclei,  but,  on  the  contrary 
(like  Kolliker),  as  cells  formed  endogenously.  Later  researches  into  the 
subject  led  Kolliker  to  withdraw  his  former  opinion.  § 

He  concluded  that  the  seminal  elements  were  formed  not  within  the  nu- 
cleus but  by  an  outgrowth  of  the  same  in  length — nevertheless  this  process 
was  well  pronounced  only  in  the  case  of  Mammals.  The  true  seminal  cells 
are  especially  the  smaller  ceils  and  the  large  cysts  with  many  nuclei.  The 
nuclei  of  these  cells  and  cysts  become  lengthened  and  flattened.  Tlien  the 
nucleus  separates  itself  into  a  forward  part,  with  a  dark  contour  and  a  pos- 
terior smaller  portion  with  pale  borders.     While  at  the  forward  pole  a  very 

*  Journal  ds  Vanatomie  at  dela  phyftidhgie^  1868,  S.  184. 

f  Beitrdge  zur  Kenntnm  der  OettchieohtsterhuUnisfie  und  der  Samenflussigkeit  wirbd- 
iM&r  Thiere,  1841;  IHe  BUdung  der  Samenfaden  in,  Blaschen. 
X  Handwarterbuch  der  Phyaiologiew,  Wagn^er,  Bd.  L,  S.  851. 
§  ZeUf^iviftfuT  wm.  Zoologie^  Bd.  viii.,  S.  201. 
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small  knobbed  thickening  frequently  shows  itself,  there  proceeds  from  the 
posterior  end  a  shorter,  thread-like  appendage,  which  soon  becomes  a  longer 
thread,  while  at  the  same  time  the  paler,  posterior  part  of  the  nucleus  in- 
creases steadily  in  size.  The  mature  seminal  elements  lie  for  a  certain  time 
rolled  together  in  their  mother-cell  and  become,  for  the  most  part,  so  free 
that  they  break  through  the  mother-cell,  the  head  at  one  side  and  the  tail  at 
the  other.  The  remains  of  the  mother-cell  continue,  for  a  certain  time  lon- 
ger, still  attached  to  the  seminal  elements,  partly  as  a  hood-like  covering  for 
the  head,  but  especially  as  appendages  to  the  tails.  Finally,  Kolliker  re- 
sumes his  theory  of  the  development  of  the  seminal  elements  in  the  entire 
animal  kingdom  as  follows : — 

1.  The  fructifying  elements  of  all  animals  aie  developed  by  a  direct  trans- 
formation of  the  nuclei  of  the  seminal  cells. 

2.  The  seminal  elements,  devoid  of  motion,  found  in  the  Arachnida,  My- 
liapoda,  etc.,  are  simply  altered  nuclei  or  nuclei  changed  in  form. 

3.  In  the  case  of  the  seminal  elements  endowed  with  motion,  or  the  semi- 
nal filament,  a  movable  tail  has  been  developed  out  of  the  nucleus  near  the 
head. 

Ankermann  *  believes  the  seminal  elements  of  the  Frog  to  be  formed,  each 
one  for  itself,  out  of  a  nucleated  cell.  The  nucleus  grows  into  a  head,  while 
the  tail,  he  believes,  is  formed  by  a  drawing  out  of  the  cell  membrane. 

Pfliigerf  describes  the  seminal  element  as  a  small  ciliated  cell  and  attri- 
butes its  oiigin  to  a  free  cell-formation. 

Henle  |  assumes  with  Kolliker,  that  in  Man  and  in  Mammals  the  head 
of  the  seminal  element  is  a  metamorphosed  nucleus,  and  considers  its  per- 
manent connection  with  the  cell  as  indispensable  for  the  formation  of  the 
tail. 

Grohe  §  believes  it  probable  that  the  contractile  substance  of  the  seminal 
element  is  formed  independently  from  the  cell  contents,  like  the  sarcous 
element  in  muscular  cells. 

According  to  the  investigations  of  Schweigger-Seidel  the  seminal  element 
is  not  simply  a  modified  nucleus,  but  corresponds  to  an  entire  cell,  as  a  meta- 
morphosed singly-ciliated  cell. 

In  my  ||  first  communication,  which  appeared  at  the  same  time,  I  express- 
ed it  as  my  conviction,  that  a  share  in  the  formation  of  the  seminal  element 
must  be  ascribed  to  the  protoplasm  of  the  seminal  cell  as  well  as  to  the  nucleus, 
and  endeavored  to  give  a  representation  of  the  development  of  the  seminal 
elements  in  Mammtds,  Birds  and  Amphibia.  In  a  second  communication  I 
was  able  to  add  my  investigations  made  upon  the  Arthropoda  and  Mol- 
lusca. 

Ijike  Zenker  in  the  Asellus^  and  Kefei-stein  **  in  the  Helix  pomatia  I 
observed  a  development  of  seminal  elements  with  persistence  of  the 
oiigin al  nucleus. 

yince  then  Kolliker  f  f  has  again  given  his  views  on  the  development  of 
the  seminal  elements,  but  he  finds  no  occasion  to  withdraw  from  the  ground 
he  assumed  previously. 


*  ZeitHcJirift  Ur  wiss.  Zoaiogie^  Bd  viii,  S.129. 

t  Ueber  die  Eierstdcke,  S.  93. 

X  Ilandbucfi  der  Etngeweidelekre^  S.  856. 

§  Locf?  dl/ito^  p.  426. 

J  Max  Schultze's  Arckiv,  Bd.  i.,  S.  403. 

if  Are/tivfur  N.,  8.  20, 103. 

*•  DieKUtssen  und  Ordnungen  efcw  Thien*eiefie6^  Bd.  ill,  B.  1215. 

ft  Handbuch  der  Qewebdefire^  S.  530. 
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Owsjannikow  ♦  gives  us  very  interesting  data  concerning  the  development 
of  the  seminal  elements  in  Fishes,  which  had  been  but  little  studied  before 
him.  The  testicles  of  the  Salmon  contain  epithelial  cells  chiefly  of  a'  cylin- 
drical form  and  lying  in  two  rows.  The  cells  have  a  large  white  nucleus 
with  distinct  nucleoli,  and  a  protoplasm.  The  cells  of  •  the  second  and 
third  rows  show  segmentations  of  the  nucleus  and  ])rotoplasm.  The  cell 
thus  increases  greatly  in  size  and  may  contain  from  10  to  15,  and  more, 
young  cells,  without  losing  its  form.  The  nucleus  of  the  cell  supplies  the 
head  and  the  surrounding  protoplasm  the.  tail. 

Metschnikow  f  has  contributed  some  important  facts  concerning  the  devel- 
opment of  the  seminal  elements,  which,  unfortunately,  were  not  accessible 
to  me.  According  to  a  very  ftiU  reference  by  Hensen  and  Kupffer  he  dis- 
covered seminal  cells  with  granular  nucleus  in  Eain-worms.  The  granules 
collect  together  within  the  nucleus  and  form  a  smooth  ball,  which  becomes 
lengthened  out  with  the  nucleus,  while  the  plasma  of  the  cell  grows  out  on 
one  side  into  a  tail. 

In  the  river  Craw-fish,  he  states  that  the  bead  is  formed  out  of  an  in- 
dependent intercellular  structure,  which  lies  near  the  nucleus. 

Also  in  the  Fly  the  nucleus  has  no  r61e  to  play  (according  to  Metsch- 
nikow), but  the  granular  mass,  out  of  which  the  seminal  element  is  formed, 
becomes  divided  up,  and  afterwards  melts  down  again  into  a  simple  element. 
In  the  same  manner  the  large  seminal  elements  of  the  Cyprois  are  formed 
near  the  nucleus. 

Balbiani  J  also  observed  a  body  neai*  the  nucleus,  which  became  devel- 
oped into  the  head  of  the  seminal  element. 

I  have  published  my  own  investigations  to  date  on  the  development  of 
the  seminal  elements,  and  will  now  briefly  express  ray  views  on  the  sub- 


Fig.  205. 


Fig.  206. 
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Fig.  205.  Development  of  the  seminal 
elementu  of  the  Guinea-pig.  a,  hood-like 
appendage. 


Fi^.  206.     Development  of  the  sem- 
inal elements  of  the  Dog. 


ject.  I  have  already  stated  at  length  the  manner  of  proliferation  of  the 
seminal  cells.  I  regard  singly-  or  many-nucleated  cells,  whose  nuclei  appear 
granular,  as  the  point  of  origin  in  the  development  of  the  seminal  elements. 

♦  Bulletin  ds  V  Academic  de  8t  Petersbourg,  T.  xiii.  p.  246. 

{Meirmres  de  VAcademie  de  St.  Pttersbourg^  1868. 
JownuA  de  VAnaUmUe  etdela  Phymohgie^  1868,  8.  218. 
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Next  the  nucleus  becomes  clear  and  shows  a  peculiar  change.  In  the 
Guinea-pig  it  retains  for  some  time  a  round  mucleolus,  while  in  its  upper 
half  an  accumulation  occurs  in  the  shape  of  a  little  knot,  which,  when  seen 
with  the  nucleus  by  a  side  view  (on  section  as  it  were)  appears  like  a  seal- 
ring.  The  nucleus  becomes  lengthened  out  as  the  next  step,  and  projects 
out  from  the  cell  on  one  side.  The  nucleolus  has  now  disappeared.  At 
the  other  side  of  the  cell  the  tail  sprouts  out  from  the  protoplasm  and  be- 
comes attached  to  the  nucleus.  The  cell  substance,  which  in  the  beginning 
surrounded  the  nucleus  and  the  upper  part  of  the  tail,  like  a  sack,  disap- 
pears more  and  more  and  finally  attaches  itself — since  the  head  has  become 
free  at  one  side  and  the  tail  has  grown  out  from  the  other — ^attaches  itself 
finally,  I  say,  as  a  larger  or  smaller  appendage  to  that  section  of  the  tail  which 
corresponds  to  Schweigger-Seidel's  **  Middle-piece."  This  forms,  to  a 
certain  extent,  the  point  of  junction  between  the  head  and  the  tail.  The 
little  knob  on  the  nucleus  has  now  become  transformed  into  the  hood-like 
appendage. 

In  the  Dog  I  have  noticed  two  peculiar  changes  in  the  nucleus ;  the  one, 
that  a  little  vesicular  body  shows  itself  at  one  side  of  the  nucleus  ;  the  other, 
that  the  upper  half  of  the  nucleus  possesses  a  thicker  contour  than  the 
lower  half. 

Whether  the  seminal  cell  have  one  nucleus  or  many  is  of  no  importance, 
since  the  many-nucleated  cell  is  to  be  considered  only  as  the  sum  of  several 
cells,  whose  number  is  represented  by  the  number  of  nuclei,  together  with  a 
certain  amount  of  cell-substance  surrounding  the  nuclei. 

Fig.  207.  Fig.  208. 


Fig.  207.     From  the  testicle  of  Fig.  208.     Development  of  the  sem- 

the  Mouse.  inal  elements  of  the  Mole. 

Kolliker  says  '^  that  the  seminal  cells  have  no  essential  share  in  the  for- 
mation of  the  tails  of  the  spermatozoa ;  the  most  that  can  be  said  of  it  is, 
that  very  often  many  seminal  elements  are  formed  in  a  single  cell."  Properly 
speaking,  each  seminal  filament  is  formed  out  of  its  own  peculiar  cell,  yet  in 
this  case  the  cell-substance  of  the  individual  cells  is  not  isolated. 

Thus  Kolliker  still  assumes  the  formation  of  the  tail  from  the  nucleus. 

I  must  remark  that  I  have  never  seen  nuclei  with  stump-like  tails  with- 
out cell- substance,  nor  do  I  any  longer  find  tails  rolled  up  together,  since 
the  proper  degree  of  concentration  of  the  fluid  to  be  employed  in  studying 
them  has  been  known  to  me. 

Kolliker  believes  that  the  nucleus,  in  its  development  for  the  formation 
of  the  tail,  first  grows  put  at  one  pole  into  a  slender  tube.  I  have  seen  this 
appendage  to  the  nucleus  in  the  seminal  elements  of  the  Steer  in  a  solution 
of  common  salt,  ^  per  cent,  strong,  and  frequently  in  a  solution  of  chromate 
of  potash.     I  consider  them  with  Henle  as  remains  of  the  seminal  cells. 
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The  development  of  the  seminal  elements  of  the  brown  Land-frog  had, 
hitherto,  to  be  considered  as  very  wonderful  and  as  exceptional  among  the 
Vertebrates.  After  Kemak,  Ankermann,  and  Kblliker  had  already  studied 
them,  they  were  investigated  anew  by  Neumann.     It  would  lead  me  too 


Fig.  209. 


Fig.  210. 


Tig,  209.  Seminal  elementft 
from  the  Steer,  with  append- 
age from  the  nnclena. 


Fig.  210. 


Development  of  the  seminal  elements 
of  the  Bana  temporarla. 


far  to  repeat  here  all  the  opinions  which  have  hitherto  been  advanced  upon 
the  subject.  I  will  briefly  detail  my  own  investigations.  Tlie  seminal  ele- 
ments of  the  Bana  temporaida  are  developed  exactly  like  those  of  the  Eana 
esculenta.     Their  seminal  cells  form  balls,  like  those  found  in  the  testicles  of 

Fig.  211. 


Fig.  211.    Development  of  the  seminal  elements  of  the  Raja  batis. 

Insects.  These  balls  are  surrounded  by  a  delicate  membrane,  which  contains 
some  large  scattered  nuclei,  each  with  a  nucleolus.  The  cells,  at  first  large 
and  few  in  number,  with  granular  nuclei,  increase  by  segmentation  to  a  con- 
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siderable  cluster.  Each  one  of  the  cluster  produces  a  seminal  element,  the  nu- 
cleus becoming  brighter  and  growing  into  a  head,  the  cell-substance  into  a 
tail.  Finally  the  membrane  surrounding  the  cluster  bursts  and  discloses, 
besides  the  remains  of  the  pix)top]a8ma,  several  nuclei,  which,  however,  never 
had  anything  to  do  with  the  seminal  cells.  To  study  the  development  of  the 
semen  in  Fishes  I  found  a  very  suitable  object  in  the  testicle  of  the  smooth 
Ray.  The  seminal  elements  seemed  to  be  formed  from  large  cells  (10  ft  ) 
with  bright  nuclei  (5  /i).  As  in  some  Mammals,  I  noticed  at  one  side  of  the 
nucleus  a  little  vesicular  excavation.  ;  Then  the  nucleus  increased  in  length 
and  something  like  a  little  knob  appeared  at  its  upper  end.  From  the  oppo- 
site side  of  the  cell  the  tail  sprouted  out  and  soon  became  joined  to  the  nu- 
cleus. The  head  constantly  increased  in  length  and  appeared  bent,  being 
still  surrounded  by  the  cell.     Then  it  began  to  become  twisted  upon  itself 

like  a  corkscrew.     Finally  it  straight- 
Fig.  212.  ened  itself  again  and  appeared  as  a  reg- 
ularly formed  spiral,  34  /x  long,  with  a 
f      straight  tail  85  ft.  long. 
Thus  we  see,  that  a  perfect  similar- 
ity in  the  development  of  the  seminal 
elements  obtains  for  the  Vertebrates, 
vv                 /          For   the   Invertebrates   my  investiga- 
Y             J            tions   are    not    exhaustive;    but    this 
&              &             much  is  certain,  that,  in  the  Mollusca 
/              /                and  the  Arthropoda,  a  portion  of  the 
tail   is   formed   from  a   shining   body 
lying  near  the  nucleus.     Whether  this 
body  is  a  product  of  the  nucleus,  re- 
mains doubtful.     I  have  often  seen  it 
'    double,  with  several  nuclei  lying  near 
it — and  again,  often,  there  is  only  one 
nucleus-like  mass  out  of  which  it  ap- 
pears to  proceed.     That  upper  portion 
Pig.  212.    Development  of  the  semi-     ^^ ,  **»«  ^^y  so  formed,  always  appears 
nal  elements  of  the  Helix  nemoralis.         thickened    at   first,    although   no    real 

body  is  distinguishable  (to  mark   its 
place)  in  the  mature  seminal  element. 

Here  also  the  tail  seems  to  sprout  out  from  the  protoplasma. 

Vessels  and  Nervks  op  the  Testicle.— The  blood-vessels  of  the  testicle, 
which  are  derived  from  the  internal  spermatic  artery,  enter  the  gland  at  its 
posterior  border  and  ramify  partly  in  the  Corpus  Highmori,  and  partly 
upon  the  surface  of  the  organ,  underneath  and  within  the  substance  of  the 
Albuginea.  From  both  sides  they  permeate  the  parenchyma  of  the  gland 
and  surround  the  seminal  tubules  with  a  capillary  plexus  of  wide  meshes. 
From  these  vessels  the  distribution  to  the  Epididymis  is  rather  scanty,  since 
the  deferential  artery  assists  in  the  vascular  supply  of  this  part.  The  veins 
comport  themselves  like  the  arteries  and  come  out  at  the  posterior  part  of 
the  Albuginea  ascendens. 

The  course  of  the  lymphatics  in  the  testicle  has  been  made  out  very 
thoroughly  of  late  by  the  investigations  of  Ludwig  and  Tomsa.*  That  the 
lymphatics  reached  a  considerable  development  in  the  testicle  was  already 


Wimer  SttsungibeHehte,  Bd.  zUv.,  S.  221. 
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known  since  Fanizza's  *  investigations,  but  their  origin  had  been  hitherto 
undetermined. 

Ludwig  and  Tomsa  have  now  proved  that  the  lymphatic  vessel  r  of  the  gland 
take  their  oiigin  in  wide  canals  without  special  walls,  which  run  between  the 
seminal  tubules.  His  f  confirmed  this  statement  and  succeeded  (by  means 
of  a  solution  of  silver)  in  demonstrating,  that  the  roots  of  the  lymphatics  in 
the  testicle  are  lined  by  a  characteristic  epithelium.  ITrey  J  also  sustains 
the  views  of  these  investigators,  basing  his  opinion  upon  numerous  injec- 
tions. Tommasi  §  treated  fresh  sections  of  testicle  with  a  silver  solution,  4 
I>er  cent,  strong,  and  came  to  the  conclusion  that  the  lymphatic  vessels  of 
the  testicle  end  in  a  true  system  of  lacunse  in  which  the  seminal  tubules  are 
suspended,  and  further,  that  the  walls  of  these  lacunsB  are  covered  by  an 
epithelium,  like  that  of  the  lymphatic  vessels,  which  is  also  continued  upon 
the  seminal  tubules. 

KoUiker  |  corroborates  these  views.  He  found  in  the  Steer,  that  the 
diameter  of  the  finest  tubes  was  40-90  /i£,  while  the  epithelial  cells  were  90- 
110  /x  long  and  10-20  /a  broad.  He  also  succeeded  (as  indeed  I  did  very 
easily)  in  demonstrating  the  epithelium  on  the  seminal  tubules  by  ti*eatment 
with  nitrate  of  silver. 

Concerning  the  nerves  coming  from  the  internal  spermatic  plexus,  until 
very  i-ecently,  no  investigator  has  succeeded  in  tracing  them  fui*ther  than 
the  plexus. 

Lately,  Letzerich^  has  desciibed  the  manner  of  termination  of  the  nerves 
in  the  testicle  of  Mammals  and  of  Man. 

In  fresh  seminal  canals,  or  in  such  as  had  remained  24  hours  in  a  solution 
of  chromic  acid,  at  /b~f'»  P^i*  <^^^^*  streng^th,  Letzerich  saw  fine  nerve  fibi-es 
penetrating  the  connective-tissue  layer  and  the  Membrana  propria,  and 
ending  between  this  layer  and  the  first  row  of  cells  in  daikly  granular 
masses.  They  sank  into  an  inegularly  formed,  shining,  granular  mass  of  pro- 
toplasm, and  terminated  in  it  in  a  head,  which  was  faintly  brilliant  in  fresli 
preparations  but  more  glittering  in  preparations  which  had  been  slightly 
hardened.  The  nerve-sheath  did  not  penetrate  the  mass  of  protoplasm,  but 
appeared  to  terminate  in  an  uncommonly  fine  membrane  which  surrounded 
the  latter,  so  that  the  real  ends  of  the  nerve-fibres  were  formed  of  the  axis- 
cylinders,  comparatively  short  and  broad,  and  provided  with  a  round  and 
shining  knob,  which  was  usually  attached  excentrically. 

These  observations,  which,  if  accurate,  are  especially  important,  have  not 
yet  been  confirmed.  I  myself  have  thus  far  vainly  endeavored  to  see  the 
appearances  above  described. 

•  OmenatUmi^  Pavia,  1836,  Tab.  viu.  f  ZeiUehrift  fur  voias,  Zootogie,  8.  469. 

t  Yirchow's  ArMVy  Bd.  xxviiL,  S.  870.  §  Virchow's  Archiv,  Bd.  xxxviii.,  S.  370. 

I  Handbuch  der  Oewebdehre^  S.  583.  1l  Virchow's  ArcMv^  Bd.  43,  S.  510. 
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CHAPTER  XXV. 

THE   OVARY   AND   PAROARICM. 

By  W.  WALDEYER. 

In  the  animal  kingdom  the  ovaries  are  coextensive  with  seznal  reproduc- 
tion. If  in  many  instances  their  structure  is  very  simple,  so  that  they  can 
hardly  he  spoken  of  as  special  organs,  yet,  with  perhaps  the  single  exception 
of  the  Porifera,  the  formation  of  female  germs  is  restricted  to  certain  groups 
of  cells  and  certain  portions  of  the  body  ;  and  herein  we  find  a  contrast  to 
the  manner  in  which  germs  and  buds  are  formed  in  sexless  generation.  In 
the  ovaries  the  eggs  not  only  receive  their  origin,  but  are  also  brought  to 
their  full  development,  are  invested  with  special  membranes  for  their  protec- 
tion, and  are  sometimes  even  retained  for  years.  The  higher  we  rise  in  the 
scale  of  organization,  the  more  complicated,  as  a  general  rule,  does  the 
structure  of  the  ovaries  become. 

In  the  three  higher  classes  of  Vertebrates,  the  Mammals,  Birds,  and 
Reptiles,  and  probably  also  in  the  Selachia — in  reference  to  which,  however, 
I  myself  have  made  no  investigations — the  fully  developed  ovary  is  found 
to  consist  of  these  essential  elements :  (1)  the  ovarian  epUMwim  or  germ- 
epithelium/  (2)  the  ovarian  foUides  or  Graafian  foUideSy  in  which  (3)  the 
eggs  are  contained.  These  structures  are  held  together  and  supported  by 
a  stroma  of  connective  tissue  which  is  extremely  rich  in  vessels,  nerves,  and 
muscular  tissue. 

In  the  first  place  let  us  fttmiliarize  ourselves  with  the  arrangement  of  the 
above-mentioned  parts  as  they  are  seen  near  the  surface,  in  the  fully 
developed  ovary  of  a  Human  being  or  one  of  the  larger  Mammals,  and  in 
the  adjoining  sagittal  section  through  the  ovary  of  a  full-grown  Dog. 

The  ovary  seems  to  be  enveloped  in  a  duplicature  of  the  posterior  portion 
of  the  Lig.  latum,  and  is  consequently  covered  by  the  Serosa.  A  careful 
observer  will  also  notice  that  the  base  of  the  organ  is  encircled  by  a  white 
line,  indicating  where  the  peiitoneum  ceases  and  the  superficial  epiUielium  of 
the  ovary — the  germ-epithelium — begins.  The  latter  (see  figs.  213  and  214) 
may  be  distinguished  from  the  familiar  flat-celled  epitheUum  of  the  per- 
itoneum by  its  cylindrical  cells,  which  are  at  the  same  time  more  granular. 
The  germ-epithelium  imparts  to  the  suiface  of  the  ovaries  a  dull  gray 
appearance  which  contrasts  distinctly  with  the  brilliant  surface  of  the 
Serosa,  and  looks  more  like  that  of  a  mucous  membrane.  If  we  wished  to 
obtain  the  peritoneum  as  a  separate  membrane,  we  should  find  that  it  came 
to  an  abrupt  termination  at  the  ovary,  in  exactly  the  same  manner  as  at  the 
pavilion  of  the  tube.  The  equalness  of  these  two  localities  and  the  right  to 
consider  the  superficial  epithelium  of  the  ovary  as  equivalent  to  the  epithe- 
lium of  a  mucous  membrane  are  justified  by  the  simple  circumstance  that  in 
many  ovaries  the  epithelium  of  the  tubes  is  continuous  with  that  of  the 
ovary,  which  only  lacks  the  cilia  of  the  former. 

The  covering  cf  genu-epithelinm  is  wanting  in  the  ovaries  of  Amphi]l)ia.  Osseoiui 
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Fidies  and  Gyclofttomi;    this  peculiarity  will  be  explained  farther  on.  '  As  to  the 
Ganoids  and  Selachia  I  am  not  in  possession  of  any  facts  at  the  present  time. 

Larger  and  smaller  Graafian  follicles  may  be  seen  either  shining  beneath 
the  surface  of  the  ovary,  or  rising  up  into  transparent  hemispherical  vesicles 
which  stand  out  more  or  less  above  the  surface  of  the  organ  and  are  woven 
over  with  a  narrow-meshed  network  of  vessels,  visible  even  to  the  naked 

Fig.  213.   i 


Fig.  213.  From  the  ovarimn  of  a  rather  old  Bitch ;  portion  of  a  sagittal  section. 
Hartnack  ).*  a,  germ -epithelium  ;  bb^  ovarial  tubes  ;  cCj  younger  follicles  ;  d^  older 
follicle  ;  «,  discus  proligems,  with  ecff  ;  /,  epithelium  of  a  second  egg  in  the  same 
follicle  ;  g^  tunica  fibrosa  folliculi ;  n,  tcmica  propria  folHculi ;  t\  f olBcular  epithe- 
lium (membrana  granulosa) ;  k,  collapsed,  degenerated  follicle  ;  I,  vessels  ;  m^  m^ 
cell-tubes  of  thje  paroarium  :  both  longitudinal  and  transverse  sections ;  ^,  tubular 
sinking  in  of  the  germ-epithelium  into  the  substance  of  the  ovary  ;  e,  commencement 
of  the  germ- epithelium  close  to  the  lower  border  of  the  ovary. 


'  *  The  numerator  indicates  the  number  of  the  eye-^piecC)  the  denominator  that  of 
tha  ebjeotivev-TRAKBLATOB^s  Kotb» 
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eye  ;  scattered  among  these  a  few  so-called  *'  yellow  bodies  "  may  be  seen — 
the  retrograde  forms  of  the  ovarian  follicles. 

The  perpendicular  section  shows  us  the  germ- epithelium  at  a,  in  Fig.  213, 
and  beneath  it  a  layer  of  rather  finn  connective  tissue  consisting  of  several 
intersecting  layers,  in  which  may  be  seen  a  few  ovarial  tubes  h,  b,  and  some 
of  the  younger  ovarian  follicles  c,  c.  Then  follow  the  older  ovarian  follicles — 
some  of  which  contain  already  nearly  mature  eggs — and  last  of  all  the 
highly  vascular  stroma  of  the  hilus,  which  it  is  customary  to  call  the  me- 
didlary  substance^  in  contradistinction  to  the  above-mentioned  layers,  which 
together  constitute  the  cortical  substance.      More  appropriate  would  be  the 


Fig.  214  (No.  14,  Plate  II.  of  my  work  (123)).  Vertical  section  of  the  ovaiy  of  a  six 
monUis  old  Bitch ;  Hartnack  f  ;  a.  epithelium  ;  b^  ovarial  tube  with  free  opening  ; 
c^  larger  group  of  follicles,  arranged  like  a  cluster ;  «,  oblique  and  transverse  sections 
of  ovarial  tubes. 

names  parenchymal  zone,  zona  parenchymatosaj  for  the  cortical  layer,  and 
vascular  zone,  zona  vascidosa,  for  the  medullary  substance.  According  to 
this,  scheme  are  constructed  the  ovaries  of  adult  Mammals  and  Man,  and,  in 
sum  and  substance,  those  likewise  of  Birds,  Reptiles,  and  Selachia.  In  the 
latter  classes,  especially  in  Birds,  the  ovary  is  subdivided  in  some  into  a  few 
closely-packed  lobules,  while  in  others  it  has  a  clustered  appearance,  owing 
to  the  number  and  size  of  mature  ovarian  follicles,  which  when  fully  mature 
hang  down  over  the  surface  by  pedicles  ;  this  at  first  sight  seems  to  establish 
a  great  diiference  between  the  usually  compact  form  of  the  Mammalian 
ovary  and  the  lobulated  or  clustered  structure  of  that  of  a  Bird  or  Reptile. 

I  must  state  expressly  that  this  scheme  only  applies  to  tbe  fully-devel- 
oped ovary ;  during  its  development  and  sexual  activity  there  is  certainly  no 
organ  so  changeable  in  form  and  histological  structure  as  the  ovary.  Later 
we  shall  describe  the  various  phases  of  its  development ;  at  present  let  us 
confine  ourselves  to  the  description  of  the  fully-developed  ovary. 

In  Man  and  Mammals  the  largest  part  of  the  stroma  of  the  ovary  is  sim- 
ply connective  tissue.  The  connective  tissue  of  the  vascular  zone  is  rather 
loose  in  texture  and  composed  of  bundles  of  long  fibres,  which  are  fi-equently 
woven  over  with  elastic  fibres ;  that  of  the  parenchymal  zone  in  the  adult 
female  is  divided  into  an  outer  layer  of  compact  short  fibres  whose  bundles 
interlace  in  every  conceivable  direction,  and  an  inner  layer,  very  rich  in  cells, 
in  which  the  follicles  are  situated ;  the  large  follicles  extend  even  into  the 
periphery  of  the  vascular  zone. 
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The  mamtenance  of  the  existence  of  an  Albugmea  in  the  ovaiy  as  a  separate  mem- 
brane ifl  justified  at  the  present  time  more  by  the  right  of  age  than  by  the  require- 
ments of  anatomy  or  histology.  With  knife  and  sciseors  no  special  connective-tissue 
membrane  can  be  dissected  off.  At  most  there  may  be  seen  in  Man  under  the  mi- 
croscope a  layer  of  connective  tissue  which,  as  Henle  (50)  has  correctly  represented,  is 
nsnally  of  three  thicknesses,  and  consists  of  pretty  short,  compact  fibres  interspersed 
with  a  few  spindle  cells.  The  fibres  of  the  first  and  third  layers  usually  traverse  the 
surface  of  the  ovary  in  a  sagittal  direction,  while  those  of  the  middle  layer  run  trans- 
versely ;  to  the  whole  we  may  give  the  name  of  Albuginea.  It  is  to  be  remembered, 
however,  that  in  the  new-bom  infant  and  even  up  to  the  third  year  of  life  no  continuous 
layer  of  fibres  can  be  demonstrated,  for  the  ovarian  follicles  and  tubules  lie  imme- 
diately beneath  the  epithelium,  and  moreover  with  advancing  age  the  number  of  these 
slightly  cellular  compact  layers  increases,  so  that  we  can  sometimes  find  5  or  6  of 
them ;  and  finally  it  must  be  taken  into  consideration  that  the  so-called  Albuginea  is 
inseparable  from  the  underlying  mass  of  fibres  and  passes  imperceptibly  into  it. 

Immediately  beneath  the  above-mentioned  parallel  fibrous  trabeculse  of 
the  so-called  Albuginea,  follows  a  layer  of  compact  connective  tissue,  also 
poor  in  cells,  whose  fibres  show  no  special  attempt  at  stratification,  but  run  in 
every  conceivable  direction ;  toward  the  centre  they  are  continuous  with  that 
layer  of  the  stroma  which  is  lich  in  cells  and  includes  most  of  the  follicles. 
All  the  fibres  of  connective  tissue  which  are  to  be  found  in  the  peripheral 
layers  appear  dark  like  elastic  fibres  when  cut  transversely,  but  glossy  when 
cut  lengthwise.  With  acetic  acid,  moreover,  these  parts  are  only  with  diflB- 
culty  rendered  transparent.  To  render  quickly  visible  the  small  follicles 
which  are  embedded  here  and  there  throughout  the  connective  tissue,  it  is 
advisable  to  use  caustic  soda. 

Deeper  dovm  the  stroma  of  the  ovary  is  extremely  rich  in  cells,  imme- 
diately surrounding  the  younger  follicles.  The  cells  are  spindle-shaped  and 
are  frequently  provided  with  long  processes.  Wherever  the  larger  vascular 
trunks  pass  through  this  cellular  layer,  on  their  way  to  the  surface  of  the 
ovary,  large  trabecule  of  connective  tissue,  which  at  the  peiiphery  spread 
out  like  an  umbrella,  will  be  found  accompanying  them,  and  may  be  distin- 
guished in  the  midst  of  the  more  delicate  cellular  tissue  like  beams  of  a 
framework.  (In  regard  to  this  point  consult  especially  Henle  (50),  page  48 1 .) 
In  animals,  and  especially  in  those  where  ovulation  occurs  more  frequently, 
a  large  number  of  granule-cells  will  be  found  here,  showing  that  in  this  layer, 
where  the  development  and  retrograde  metamorphosis  of  the  follicles  prin- 
cipally takes  place,  the  stroma  likewise  undergoes  manifold  changes.  His 
(52)  has  also  demonstrated  the  presence  in  the  ovary  of  a  second  variety  of 
cells,  to  which  he  gives  the  name  of  "  grain-cells,"  and  which  are  in  all  re- 
spects like  the  ordinary  colorless  blood  corpuscles.  His  assumption  that 
the  follicular  epithelium  originates  from  these  must  nevertheless  be  charac- 
terized as  erroneous,  as  will  be  shown  farther  on. 

The  smooth  muscular  fibres  of  the  ovary  are  restricted,  at  least  in  Mam- 
mals, to  the  vascular  zone,  which  lies  immediately  next  to  the  highly  cellu- 
lar layer  of  the  parenchymal  zone,  which  we  have  just  described.  They  lie 
there  in  separate  bundles,  which  follow  the  course  of  the  larger  and  medium- 
sized  arteries,  and  sometimes  surround  them  like  a  sheath  (see  Aeby  (1)  and 
Grohe  (49).  They  may  be  followed  as  far  as  to  the  boundary  of  the  cortical 
substance,  but  do  not  enter  it,  however — at  least  in  Man  and  the  domestic 
Mammals ;  in  not  a  single  instance  do  they  reach  the  wall  of  the  follicle. 
The  case  is  somewhat  different  in  Amphibia  and  the  Osseous  Fishes,  in  which 
we  find  bands  of  smooth  muscular  fibres  following  everywhere  the  course  of 
the  larger  trabecule  of  the  stroma  between  the  ovarian  follicles,  and  in 
some  instajices  reaching  even  to  the  outer  wall  of  the  latter.     The  ovaiies 
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of  the  Osseous  Fishes  even  possess  a  complete  muscular  envelope,  from 
which  numerous  smaller  muscular  bands  radiate  to  the  several  egg-bearing 
lamellae. 

The  question  concerning  the  relations  of  the  smooth  mascnlar  fibres  in  the  ovaiy 
has  given  rise  to  a  controversy  which  yet  remains  unsettled ;  it  originated  more  espe- 
cially in  the  consideration  whether  the  muscular  tissue  were  not  in  some  way  connected 
with  the  opening  of  the  follicles  and  the  extrusion  of  the  eggs.  His  (52),  Bouget  (99), 
Elebs  (66),  and  Aeby  (1)  go  the  farthest  in  attributirg  to  the  smooth  muscular  tissue  a 
large  ^are  in  the  composition  of  the  ovarian  stroma.  His  eveu  believes  that  we  may 
consider  almost  the  whole  interstitial  tissue  of  the  ovaries  as  a  peculiarly  modified 
and  at  the  same  time  stunted  muscular  tissue,  for  which  he  suggests  the  name  of 
'^  spindle  tissue."  The  vessels  of  the  ovary,  according  to  His,  possess  no  Adventitia 
nor  Media,  in  the  ordinary  acceptation  of  the  terms,  but  the  fibres  of  their  muscular 
coats  pass  on,  one  after  another,  into  the  stroma  of  the  ovary ;  he  also  believes  that  all 
t^e  spindle-shaped  cells  of  the  ovaries,  are  stunted  muscular  cella  Aeby  (1)  describes 
the  smooth  fibre-cells  as  approaching  even  to  the  outer  wall  of  the  ovarian  follicles. 
Rouget  (99)  would  also  have  the  muscular  bundles  to  stand  in  a  peculiar  physiological 
relation  to  the  vessels ;  according  to  his  view  there  exists  in  the  ovary  the  same  ar- 
rangement of  the  vessels  and  of  the  bundles  of  muscles,  which  surround  them  like  a 
sheath,  as  is  to  be  found  in  the  erectile  organs.  While  Rouget  connects  the  mechan- 
ism of  erection  with  the  simultaneous  appearance  of  vessels  and  smooth  muscular 
fibres,  he  at  the  same  time  ascribes  to  the  ovary  a  power  of  erection,  which  takes  ef- 
fect at  the  period  of  menstruation  and  assists  in  the  expulsion  of  the  egg.  The  pe- 
culiar connection  of  vessels  with  accompanying  bundles  of  smooth  mus<^Dar  fibres  in 
the  erectile  organs  is  a  matter  of  fact ;  at  the  present  time,  however,  direct  observa- 
tions are  wanting  concerning  anything  like  an  erection  of  the  ovaries.  In  Frogs 
Pfliiger  (86)  observed  contractions  of  the  stroma  in  response  to  direct  electricail 
irritation,  but  in  Rabbits  he  was  unable  to  obtain  any  decisive  results.  His  (52) 
interprets  the  decided  bulging  forwards  of  the  cut  surfaces  in  the  fresh  ovaries  of  the 
Cow  as  a  phenomenon  of  contraction;  Frey  (40)  expresses  a  similar  view.  The 
results  of  my  own  investigations  agree  best  with  what  has  been  found  by  Eolliker 
(59),  Henle  (50),  PflUger  (84)  and  others,  according  to  which  the  smooth  muscular  tis- 
sue is  not  so  extensively  disseminated  through  the  stroma  of  the  ovary  as  His,  Aeby, 
and  Elebs  would  have  us  believe.  Von  Winiwarter  (126)  has  recently  subjected  tihe 
elements  of  the  cortical  layer  to  an  accurate  histological  and  histochemiccd  analysis, 
but  was  unable  to  prove  the  presence  of  smooth  muscular  fibres.  Moreover,  the 
smooth  muscular  fibres  of  the  hilus  of  the  ovary  originate  from  bundles  which  radiate 
from  the  ligamentum  latum  into  the  hilus  of  the  organ.  (Consult  on  this  point 
specially  the  statements  of  Grohe  (49)  and  Luschka  (72). 

I  have  already  previously  spoken  of  the  extraordinary  vascularity  of  the 
sti-oma  of  the  ovary ;  the  hilus  of  the  ovary  contains  a  convoluted  mass  of 
broad  veins  which  when  fully  injected  represent  a  sort  of  vascular  bulb — 
Rouget's  (99)  bulbs  of  the  ovaries.  The  ai-teries  also  retain  in  the  ovary 
the  same  winding  corkscrew-shaped  course  which  already  characterizes  the 
lai'ger  trunks — ^the  Arteria  spermatica  interna  and  the  branches  of  the 
Arteria  uterina.  An  exceedingly  rich  capillary  network,  almost  like  that 
of  the  membrana  Kuyschiana  of  the  Chorioidea,  will  be  found  in  the  inter- 
nal membrane  of  the  follicles,  which  has  been  minutely  described  by  His 
(53) ;  it  is  not  difficult  to  obtain  a  very  beautiful  view  of  it  in  a  state  of 
natural  injection  by  spreading  out  the  wall  of  a  small  follicle,  fresh,  in 
serum  under  the  microscope. 

According  to  the  statements  of  His  (52),  lymph  vessels  are  found  in  the 
hilus  of  the  ovary ;  besides  these  there  are  also  broad  sac-like  lymph 
spaces  which  surround  the  follicles  and  yellow  bodies  like  a  shell,  thereby 
rendering  tlieir  enucleation  an  easy  matter  ;  all  these  spaces  can  easily  be 
injected  by  the  **  pricking  method."  * 

Iso  accurate  information  can  be  given  at  the  present  time  concerning  the 

*  Einstlchsmethode.     See  Addenda. — Tbakslator's  Note. 
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distribution  of  the  nerves  in  the  ovary.  In  the  ovaries  of  Babbits,  from 
which  sections  were  made  when  in  a  frozen  condition  and  then  treated 
with  the  chloride  of  gold,  I  have  been  able  recently  to  follow  delicate  nerve- 
fibres,  which  were  provided  with  only  a  very  thin  medullary  sheath,  as  far 
as  between  the  larger  follicles ;  their  mode  of  termination,  however,  I  was 
unable  to  ascertain. 

The  situation  of  the  Graafian  follicles  in  the  ovary  is  not  the  same,  either 
at  the  different  periods  of  life  or  in  the  different  species  of  Mammals ;  far- 
ther on,  when  we  come  to  speak  of  the  development  of  the  ovary,  we  shall 
return  to  the  first  of  these  points.  In  reference  to  the  few  Mammals,  which 
are  frequently  made  use  of  for  the  purposes  of  investigation,  it  may  be  men- 
tioned that  in  the  Cat  and  Babbit,  a  series  of  the  smallest  follicles  are  found 
gathered  together  in  clustered  groups  inmiediately  beneath  the  so-called 
Albuginea ;  this  is  Schron's  (102)  "  zone  of  cortical  cells,"  or  His'  (52)  "cor- 
tical zone."  Schrun  mistook  these  youngest  follicles  for  eggs ;  his  descrip- 
tion of  the  development  of  the  egg  may  therefore  be  accounted  for  by  thiis 
circumstance.  These  clustered  groups  of  follicles  are  also  to  be  found  in 
the  Dog.  (See  fig.  214,  c.)  In  the  Cow,  Pig,  and  Man,  and  as  a  rule  in 
the  larger  animals,  the  follicles  lie  more  dispersed  throughout  the  already- 
mentioned  highly  cellular  layer  of  the  parenchymal  zone, — ^the  follicular 
layer, — owing  to  the  fact  that  the  interstitial  tissue  between  them  is  more 
strongly  developed. 

In  the  larger  Graafian  follicles  (see  fig.  2 13,  a)  a  wall  of  coimedive 
tissue  may  be  distinguished — Von  Baer's  (2-5)  ThecafoUiculi — ^in  which  two 
layers  are  recognizable,  Henle's  (50)  so-called  l\micajibr(>8a  (the  outer  layer) 
and  the  T\jLnica  propria  foUiculi,  The  Tunica  propria  in  Mammals  carries 
on  its  inner  surface  a  multiple  layer  of  cylindrical  epithelium,  ihe  foUusular 
epithelium  or  MemhraTia  gramdosa  of  the  authora.  The  epithelium  (see 
fig.  213,  i)  at  one  or  more  spots,  according  to  the  number  of  eggs  con- 
tained within  the  follicle,  is  piled  up  into  a  more  or  less  prominent,  hill- 
like eminence,  which  projects  free  into  the  lumen  of  the  follicle — ^the  JJisctu 
or  Cumvltts proligerusy  germ-disk  or  germ-hill.  In  the  centre  of  this  germ- 
hill  the  egg  is  usually  to  be  found ;  the  remainder  of  the  follicular  space 
contains  a  clear  fluid,  the  lAqtLor  foUiculi. 

The  Tunica  fibrosa  is  a  scanty  layer  of  ordinary  fibrous  connective  tusue ; 
the  very  vascular  Tunica  propria  consists  of  a  young,  richly  cellular  connec- 
tive tissue ;  the  cells  are  spindle-shaped  and  stellate,  and  among  them  are 
many  round  cells,  resembling  the  amoeboid  corpuscles,  in  which,  after  the 
injection  of  cinnabar  into  the  circulation,  particles  of  the  coloring  matter 
may  again  be  found ;  the  transition  from  one  layer  to  the  other  is  impercep- 
tible. In  the  younger  follicles  these  layers  are  altogether  wanting ;  the 
epithelial  mass,  together  with  the  ovule,  lie  simply  in  a  rounded  cavity  of 
the  stroma.  I  have  been  equally  as  unsuccessful  as  Henle  (50)  in  discovering 
in  Mammals  a  structureless  basilar  membrane,  either  in  the  older  follicles 
where  Kolliker  (59)  claims  to  have  found  it,  or  in  the  youngest.  With  the 
growth  of  the  ovule  and  follicular  epithelium,  which  are  embedded,  as  it  were 
naked,  in  the  stroma,  a  certain  amount  of  irritation  is  exerted  on  the 
surrounding  stroma,  in  consequence  of  which  an  increased  vascularity  will 
be  first  noticed  around  the  somewhat  larger  follicles.  Very  soon  afterwards 
the  first  trace  of  the  subsequent  Tunica  propria  will  be  seen  in  the  shape 
of  a  ring  of  young  connective-tissue  cells  surrounding  the  mass  of  epithe- 
lium. This  ring  enlarges  with  the  increasing  vascularity,  and  later  its  outer 
layers  become  transformed  into  oixliuary  fibtillated  connective  tissue.  Hence 
the  formation  of  the  wall  of  the  follicle  seems  to  be  directly  connected  with 
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the  deyelopment  of  the  vessels^  and  it  readily  suggests  itself  that  a  certain 
share  in  the  work  should  be  attributed  to  the  colorless  cells  which  have 
wandered  thither. 

The  cylindrical  cells  of  the  follicular  epithelium  seem  to  be  completely 
membraneless ;  their  nearly  elliptical  nuclei  are  clear  and  transparent,  and 
lie  about  in  the  centre  of  the  cells.  Judging  from  the  way  in  which  it  act« 
under  slight  pressure,  the  protoplasma  must  possess  great  toughness  and  ex- 
tensibility ;  it  is  easily  drawn  out  into  long  threads,  by  means  of  which  in- 
dividual cells  are  connected  together.  Many  of  the  epithelial  ceUs  contain 
fat  granules ;  others  clear  shining  drops,  like  vacuoles ;  while  others  still 
possess  an  in*egular,  shninken  shape ;  these  cells,  moreover,  are  easily  broken 
to  pieces  by  pressure  exerted  on  the  thin  glass  cover,  and,  by  establishing 
under  the  glass  a  pretty  strong  current,  they  will  often  break  up  into  a  finely 
granular  mass.  From  all  these  circumstances  I  am  disposed  to  draw  the 
conclusion  that  the  cells  of  the  follicular  epithelium  are  gradually  destroyed 
in  the  Liquor  folliculi,  and  that  the  products  of  their  disorganization  contri- 
bute in  a  large  degi-ee  to  the  formation  of  the  Liquor,  which  we  are  therefore 
to  look  upon  as  made  up  of  a  transudation  from  the  blood,  together  with 
ihe  dissolved  substance  of  epithelial  cells  (see  also  the  statements  of 
Luschka  (71)  on  this  point). 

When  fresh,  the  Liquor  follicnli  shows  a  feebly  alkaline,  almost  neutral  reaction ; 
it  is  clear,  or  will  at  least  become  so,  if  allowed  to  stand  for  twenty-four  hours,  so  that 
the  suspended  cellular  detritus  may  have  time  to  sink  to  the  bottom.  The  albumi- 
noid substance  which  it  contains  in  solution  consists  almost  entirely,  according  to  my 
Investigations,  of  Scherer's  so-called  Paralbumin  (128). 

In  the  Discus  proligerus,  which  howe\  er  only  exists  in  the  ovarian  folli- 
cles of  Man  and  Mammals,  two  kinds  of  epithelium  must  be  distinguished : 
that  which  belongs  to  the  follicle,  and  the  "egg-epithelium."  The  latter 
(see  fig.  213,/,  and  fig.  215  G,  a)  forms  a  continuous  circle  of  cylindrical 
cells  around  the  egg,  in  a  similar  manner  to  the  epithelium  of  the  Zona  pel- 
lucida.  In  the  younger  follicles  a  follicular  space  containing  fluid  is  not  yet 
to  be  seen ;  the  egg  together  with  a  single  layer  of  epithelial  cells  complete- 
ly fill  the  interior  space.  Gradually  there  is  developed  a  multiple  layer  of 
epithelial  cells  surrounding  the  egg,  and  still  later  there  will  be  observed 
at  some  distance  from  the  egg  a  fissure  which  surrounds  the  latter  in  almost 
a  semicircular  shape,  and  appears  to  be  filled  with  fluid ;  this  is  the  first  trace 
of  the  follicular  space  ;  a  larger  heap  of  epithelial  cells  remains  closely  at- 
tached to  the  egg,  to  indicate  the  situation  of  the  Discus  proligerus. 

In  regard  to  the  situation  of  the  egg  in  the  follicle  in  Mammals,  it  should 
be  mentioned  that  it  does  not  appear  to  be  constant ;  a  number  of  investi- 
gators like  Schron  (102)  and  Henle  (50)  would  seem  always  to  have  found  the 
Discus  proligerus  near  the  deepest  portion  of  the  follicle,  where  the  latter 
is  most  intimately  united  with  the  stroma  of  the  ovary,  and  therefore  where 
the  greatest  supply  of  blood  may  be  looked  for.  Others  again,  like  Coste  (33), 
locate  the  Discus  immediately  beneath  the  most  superficial  portion  of  the 
follicle.     I  myself  have  found  it  in  both  of  these  situations. 

In  describing  the  structure  of  the  eggs,  we  may  also  include  the  eggs  of 
the  Invertebrates  in  oxu:  description,  inasmuch  as  all  eggs,  however  much 
they  may  appear  to  difier  outwardly,  are  similar  to  each  other  in  all  their 
essential  features. 

In  its  first  commencement  every  egg  is  a  simple  cell  with  soft,  granular, 
membraneless  protoplasma,  nucleus  and  nucleolus ;  farther  on  in  considering 
the  subject  of  development  we  shall  enter  more  fully  into  the  peculiarities  of 
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the  youngest  egg-cells,  which  I  am  wont  to  designate  with  His  as  **jm- 
fnordicU  eggs^'^  It  has  been  customary  since  the  discoveries  of  Purkyn6, 
Von  Baer,  and  Rudolph  Wagner,  to  call  the  protoplasma  of  the  (primordial) 
egg-cell  the  ^yolk  "  (vitellus),  or,  according  to  His's  recommendable  designer 
tion^  the  ^^pAiieipal  golk^^  With  reference  to  the  part  it  plays  in  the  pro- 
cess of  development — since  it  alone  goes  through  with  the  process  of  seg- 
mentation— ^thig  yolk  also  bears  the  name  of  "  germ-yolky  *  For  the  nu- 
cleus and  nucleolus  the  terms  ^^  germinal  vesicle  ^^  (vesicula  germinativa, 
Purkyne's  vesicle)  and  *^ germinal  apot^^  (macula  germinativa,  Wagner's 
spot)  are  respectively  used. 

Already,  during  its  stay  in  the  Graafian  follicle,  the  primordial  egg  receives 
about  it  a  number  of  secondary  formations,  which  must  all  be  considered  as 
products  of  the  follicular  epithelium.  To  this  category  belong  the  "  yolk- 
membrane^^ — egg-membrane,  membrana  vitellina,  or,  as  it  is  usually  called  in 
the  egg  of  a  Mammal,  zona  pellucida — and  the  food-j/olk,  or,  according  to 
His^s  terminology,  the  subordinate  yolk.  When  these  last-named  parts  have 
become  suflSciently  developed,  we  shall  have  before  us  the  "  rnature  ovofricm 
egg^'*  which  must  then  leave  its  resting-place,  the  ovaiian  follicle,  in  order  to 
become  fructified.  During  the  passage  of  the  mature  ovarian  eggs  through 
the  genital  canal,  the  majority  of  them — that  is  to  say,  those  in  which  the 
embryo  undergoes  further  development  only  outside  of  the  mother's  body — 
receive  a  larger  or  smaller  number  of  other  protective  membranes,  to  which 
Reichert  has  given  the  appropriate  name  of  oviduct-membranes. 

If  therefore  we  wish  to  come  to  a  clear  understanding  of  the  several  com- 
ponent parts  of  the  e^i^,  and  be  able  to  make  a  fitting  comparison  between 
the  eggs  of  the  different  classes  of  animals,  we  must  ascertain  the  distinguish- 
ing features  of  the  priniordifd  eggs,  the  ri/^c  ovarian  eggs,  and  tJhose  which 
are  provided  with  the  oviduct-membraohes. 

In  this  connection  it  should  be  remembered  that  those  structores  in  the  ovarieB  of 
Birds,  Amphibia,  Reptiles,  Fishes,  etc. ,  which  are  usually  called  eggs,  are  not  such  in 
reality,  but  only  the  Graafian  foUides  of  these  animals. 

The  investing  membi*ane  of  the  egg,  the  zona  pellucida  (see  fig.  215  G, 
b)  appears,  under  a  magnifying  power  of  moderate  strength,  to  be  a  tough, 
transparent,  homogeneous  membrane,  with  sharp  outlines  on  the  side  toward 
the  yolk.  If  torn  with  needles  its  contents  will  stream  forth,  and  the  mem- 
brane, which  displays  considerable  power  of  resistance,  will  then  sometimes 
roll  together ;  this  happens  for  instance  in  the  vitelline  membrane  of  the 
Frog.  When  treated  with  adds,  acetic  acid  for  example,  the  zona  is  found 
to  be  very  resistant,  and  even  in  alkalies  it  can  only  be  dissolved  with  great 
difficulty;  nothing  further  is  known  concerning  its  chemical  reaction. 
With  stronger  magnifying  powers  there  may  be  seen  in  the  vitelline  mem- 
,  brane  of  almost  all  living  creatures  a  peculiar  structural  aiTangement,  which 
was  first  demonstrated  by  J.  Miiller  (78)  and  Remak  (96)  in  the  vitelline 
membrane  of  Fishes.  The  membrane  seenis  to  be  pierced  by  numerous  • 
porous  canaliculi,  which  are  arranged  in  radiating  lines ;  in  the  Osseous 
Fishes  these  pores  are  very  distinct,  and  give  to  the  vitelline  membrane  a 
very  beautiful,  and — when  seen  spread  out — shagreened  appearance. 

In  Mammab  the  porous  canaliculi  are  much  finer  (see  fig.  215  G,  6) ;  I 
have  not  yet  been  able  to  demonstrate  their  existence  in  the  mature  egg  of 
Birds ;  here,  however,  it  is  exceedingly  difficult  to  obtain  sufficiently  thin 

♦  "BUdungsdotter."— Tkanslator'sNotb, 
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sections  of  the  vitelline  membrane ;  under  the  microscope  the  vitelline 
membi*ane  of  Birds  appears  to  be  made  up  of  very  delicate,  closely  woven 
fibrils. 

The  cells  of  the  egg-epitheliiun,  of  which  mention  has  already  been  made 
on  page  516,  and  which  in  Mammals  stand  forth  as  a  separate  layer  of  the 
Diflcus  proligerus,  distinct  from  the  follicular  epithelium,  lie  in  immediate 
contact  with  the  vitelline  membrane  and  are  very  closely  adherent  to  it. 
In  Birds  and  Reptiles  the  ends  of  the  follicular  epithelial  cells,  which  are 
turned  towai-d  the  vitelline  membrane,  break  up  into  a  series  of  very  fine 
rods,  as  in  the  cuticular  border  of  the  intestinal  epithelial  cells. 

In  the  last-named  animals  this  basilar  layer — zona  radiata — is  the  pre- 
cursor of  the  vitelline  membrane ;  this  layer  may  also  manifestly  be  looked 
upon  as  a  homogeneous  membrane,  traversed  by  numerous  delicate  proto- 
plasma-threads  from  the  follicular  epithelial  cells  (see  fig.  216).  In 
Fishes  it  is  an  undoubted  fact  that  from  the  epithelial  cells  delicate,  hair-like 
processes — protoplasma- threads — are  given  off  which  enter  the  porous  canali- 
culi  of  the  vitelline  membrane.  I  would  especially  recommend  for  these  in- 
vestigations the  Perches  egg,  in  which  two  membranes  are  visible  ;  the  thick 
outer  membrane  shows  these  relations  very  distinctly,  but  it  is  also  possible 
to  make  them  out  with  a  sufficiently  strong  (xoVir)  magnifying  power  in  the 
inner  membrane.  Pfluger  (84)  points  to  the  existence  of  similar  relations  in 
the  eggs  of  Mammals  between  the  cells  of  the  egg-epithelium  and  the  zona 
pellucida.  Ley  dig*  (68)  has  described  the  same  thing  in  Insects'  eggs,  namely, 
in  the  egg  of  Timarcha  tenebricosa ;  in  the  eggs  of  the  Holothuria  it  has 
been  known  for  a  long  time,  so  that  the  above-mentioned  structural  i-elations 
would  seem  to  be  very  extensive. 

The  production  of  the  vitelline  me^ibrane — a  process  which  seems  to  me 
to  be  allied  to  the  formation  of  cuticular  membranes — must  be  ascribed,  I 
think,  to  the  follicular  epithelial  cells ;  in  the  egg  of  Mammals  this  devolves 
on  those  cells  of  the  Discus  proligerus  which  perform  the  functions  of  egg- 
epithelium.  Probably  the  process  is  of  such  a  nature  that  a  portion  of  the 
protoplasma  of  the  epithelial  cells  undergoes  a  cuticular  transformation, 
while  at  the  same  time  delicate  protoplasmarthreads  remain  fixed  in  the 
transformed  mass.  Already  Keichert  (95)  and  especially  Pfltlger  (84)  have  in 
a  similar  manner  interpreted  the  vitelline  membrane  to  be  a  product  of  the 
follicular  epithelium. 

Several  observers  (Ransom  (01),  H.  Meyer  (76),  and  others)  describe  in  Fishes  and 
Mammals,  in  addition  to  the  zona  pellndda,  a  second  very  delicate  membrane  which 
lies,  according  to  them,  in  close  contact  with  the  yolk,  between  the  latter  and  the 
zona  pellucida,  and  therefore  oonstitates  a  vitelline  membrane  sensu  strictiori.  I 
must  confess  that  I  have  not  yet  succeeded  in  demonstrating  the  existence  of  such  a 
membrane.  Bischoff  (17,  18)  has  expressed  himself  decidedly  against  a  second  vitelline 
membrane. — In  addition  to  Uie  porous  canahcuh  there  is  found  in  tiie  zona  of  many 
animals  a  peculiar  larger  opening  which  leads  to  the  yolk — Keber's  (55)  so-called 
micropyle.  The  same  has  already  been  demonstrated  beyond  a  doubt  in  the  egg  of 
many  Invertebrates,  for  instance  in  those  of  Insects,  and  then  in  Fishes  (Bruch 
(35),  Reichert  (93) ).  In  Insects  the  immediate  neighborhood  of  the  micropyle  is  often 
covered  with  the  most  tasteful  markings,  which  at  once  g^ve  a  prominence  to  the  spot 
in  the  vitelline  membrane  (see  the  descriptions  of  Leuckart,  66).  In  Fishes  also,  as 
Bnchholz  (24)  for  instance  has  shown  in  Osmerus  eperlanus,  peculiar  appendages  are 
sometimes  seen  arranged  around  the  micropyle.  The  latter  originates  in  Insects  at 
that  point  where  the  egg-cell  communicates  with  the  so-called  yolk-forming  cells  (see 
farther  on  and  Fig.  217).  Pflager  (84)  has  described  in  the  eggs  of  Cats  larger  open- 
ings, in  one  of  which  lay  one  of  the  cells  of  the  Discus,  one-half  of  which  was  already 
within  the  zona,  while  the  other  half  was  still  outside  in  the  egg-epithelium — twin- 
cells,  stopple -cells  (Pfluger) ;  in  other  instances  he  saw  processes  of  the  cells  of  the 
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egg-epitbeliom  penetrating  deep  into  the  substance  of  the  zona.  These  observations 
have  not  yet  been  verified  by  others. — Where  a  micropyle  exists,  its  office  always 
seems  to  be  to  afford  the  seminal  threads  a  passage  into  the  interior  of  the  egg. 

The  principal  yolk  has  no  different  characteriatics  from  an  ordinary  cell- 
pro  toplasma.  Even  contractility  has  recently  been  observed  in  it  by  PflUger 
(84),  Von  La  Valette  (117),  and  Strieker  (114).  It  is  a  remarkable  circum- 
stance that,  with  perhaps  the  exception  of  some  ganglion-cells,  the  egg-cell, 
even  exclusive  of  the  subordinate  yolk,  possesses  the  largest  collection  of 
cell-pro toplasma  around  one  uucleus,  of  which  we  have  any  knowledge  ;  in 
other  words,  the  egg-cells  belong  to  the  largest  singly-nucleated  cells.  The 
egg  protopleisma  is  very  granular,  even  when  in  a  fresh  condition ;  His  (53) 
describes  in  it  a  number  of  small  granules,  which  by  their  reaction  show 
themselves  to  contain  protagon,  and  which  are  termed  by  him  true  vitelline 
granules,  in  conti'adistinction  to  the  granular  elements  of  the  subordinate 

Pig.  215. 


ms&mt 


Pig.  215.  A.  Primordial  egg  of  the  Human  being  ;  8  months'  foetus  (Hartnack  J).  B. 
Primordial  follicle  of  the  Rabbit.  G.  Primordial  follicle  of  a  Dove.  D.  A  somewhat 
older  follicle  of  the  same  animal ;  commencement  of  the  formation  of  the  subordinate 
yolk.  E.  Blind  end  of  the  ovary  of  an  Ascaris  nigrovenosa.  Germinal  vesicles  (some 
of  which  possess  a  germinal  spot  and  Schron's  *^  granule '')  in  a  diffuse  mass  of  proto- 
plasma.  F,  Egg  of  the  Ascaris  nigrovenosa  from  about  the  middle  of  the  ovary  ; 
Schrjn's  granule  ;  commencement  of  the  deposition  of  yolk-matter.  G.  Egg  from  a 
follicle  (2  mm.  in  diam. )  of  the  Babbit,  a.  egg-epithelium  ;  b.  striated  zone  with 
radiating  strias ;  c.  germinal  vesicle ;   d.  germi^  spot ;  e.  yolk.    B — G.  Hartnack  }. 

yolk.  In  the  younger  Mammalian  egg  these  granules  are  found  of  the 
most  varied  sizes;  the  largest  (see  tig.  215  G,  c)  are  perfectly  spherical 
vesicles,  similar  to  the  vitelline  spherules  of  Birds ;  as  is  represented  iu  the 
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last-mentioned  figure,  they  lie  scattered  among  the  smaller  granules,  and 
shine  through  the  mass  which  these  compose.  At  a  later  period  they 
become  so  much  more  numerous  and  so  brilliant  that  besides  them  almost 
nothing  else  can  be  seen  within  the  zona.  According  to  their  microchemical 
reactions  they  must  be  classed  among  albuminoid  bodies. 

The  germinal  vesicle  lies  embedded  somewhat  eccentrically  in  the  sub- 
stance of  the  principal  yolk ;  it  is  shining,  transparent,  circular,  with  sharp 
contour,  and  large  in  comparison  with  the  cell.  These  large  shioing  nuclei 
are  at  first  a  very  striking  characteristic  of  the  egg-cells.  I  myself  have 
thus  far  seen  but  one  nucleus  in  each  egg-cell ;  KoUiker  (59)  gives  a  drawing 
of  a  young  egg-cell  with  two  nuclei ;  in  the  mature  egg  it  seems  that  a 
double  germinal  vesicle  has  never  yet  been  observed. 

In  the  primordial  eggs  the  nucleolus — the  macula  germinativa — ^is  never 
wanting.  It  usually  has  a  dull  shining  or  finely  granular  appearance,  and 
seems  more  like  a  solid  body,  as  I  should  be  inclined,  with  Von  La  Valette 
(117)  to  believe  it,  although  Schrbn  (103)  has  described  it  as  a  vesicle.  On 
the  addition  of  distilled  water  the  germinal  spot  disappears  (Von  La  Valette, 
117).  Two  germinal  spots  in  the  same  germinal  vesicle  have  already  often 
been  described  ;  as  for  instance  by  R.  Wagner  in  the  Cockchafer  (Geschichte 
der  Zeugiing  und  Entwickelung,  Abhandl.  der  bayiischen  Akad.  d.  Wis- 
sensch.  Bd.  ii.  1837),  then  by  Von  La  Valette  (117)  in  the  larva  of  the  Dra- 
gon-fly, and  recently  by  Clapar^de  in  the  Earth woim,  where  it  seems  to  be 
the  rule.  In  the  latter  case  the  two  germinal  spots,  one  of  which  seemed 
always  to  be  larger  than  the  other,  were  found  united  into  a  double  spot 
(see  Zeitschi'ift.  Wiss.  Zool,  19.  Bd.,  1869,  S.  663). 

In  addition  to  the  germinal  spot  there  are  likewise  found  in  the  germinal 
vesicle  small  round  corpuscles,  whose  exact  meaning  has  not  yet  been  ascertain- 
ed. If  with  Von  La  Valette  (117)  and  PflUger  (84)  we  look  upon  the  germinal 
spot  as  a  deposit  originating  from  the  germinal  vesicle,  then  must  these 
corpuscles  be  interpreted  as  of  similar  origin.  In  Mammals  only  does  the 
germinal  spot  continue  to  exist  in  the  mature  eggs  :  in  all  other  Vertebrates 
it  disappears  already  at  a  very  early  period,  and  in  its  place  there  is  found 
in  the  germinal  vesicle  a  cloudy,  finely  granular  mass,  which,  in  the  Batra- 
chia  and  Osseous  Fishes,  for  instance,  is  filled  with  a  number  of  shining 
spherules ;  the  exact  time  of  the  disappearance  of  the  germinal  spot  cannot 
be  stated. 

Schron  has  recently  described  in  the  germinal  spots  an  extremely  small,  shining, 
apparently  solid  corpuscle,  to  which  he  gives  the  name  of  **granTile"  (Kom).  In 
Mammals  I  have  not  yet  been  able  to  find  it,  whereas  in  many  of  the  lower  animals, 
the  Ascarides  for  instance,  it  is  constantly  present ;  perhaps,  however,  it  may  be  inter- 
preted as  the  smaller  portion  of  Olapar^de^s  double  spot  (see  fig.  215,  E.  and  F.).  Von 
La  Valette  (117)  considers  Schron's  granule  to  be  a  vacuole,  but  at  the  same  time  is  un- 
able to  make  out  anything  permanent  about  its  structure.  Balbiani  (9 )  goes  the  farthest 
in  his  statements  concerning  the  structure  of  the  germinal  spot.  He  describes  con- 
tractile vacuoles  inside  of  the  germinal  spot,  which  itself  is  also  contractile.  Aoooid- 
ing  to  him  there  is  given  off  ifom  the  germinal  spot  a  hoUow,  canal-shaped  proceea 
which  fits  into  a  sinular  canal  of  the  germinal  vesicle ;  and  finally  the  vacuoles  of  the 
germinal  spot  communicate  with  the  tubular  process  of  the  latter. 

Hitherto  it  has  been  pretty  generally  accepted  that  the  mature  Mammalian  egg 
was  nothing  else  than  a  fuUy-grown  primordial  egg ;  more  recent  observations  and 
interpretations,  to  which  I  would  gladly  give  my  assent,  lead  us,  however,  to  conjecture 
with  strong  probability  that  in  the  mature  Mammalian  egg  there  is  present  a  certain 
amount  of  subordinate  yolk  besides  the  principal  yolk.  Pfliiger  (84)  for  instance  has 
taught  us  of  the  existence  of  two  different  elements  in  the  yolk  of  Mammals,  one  of 
which,  in  young  eggs,  more  transparent,  immediately  surrounds  the  germinal  vesido, 
while  the  other,  more  opaque,  appears  like  a  peripheral  layer  of  the  first.  It  seems 
most  natural  to  interpret  the  peripheral  portion  of  the  yolk  as  a  formation  of  later 
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date,  OTiginatiDg  perhaps  from  the  folHcnlar  epithelium.  This  circumstance  is  of  the 
greatest  importance  in  its  bearings  on  the  question  of  the  comparative  anatomy  of 
eggs. 

Hithei-to  it  has  caused  investigators  considerable  trouble  to  interpret  the 
component  parts  of  Birds'  and  Reptiles'  eggs.  Simple  inspection  of  the  mature 
OTarian  egg  reveals  to  us  a  yellow  mass  of  considerable  size — the  yellow 
food-yolk^  surrounded  by  a  thin  spherical  shell  of  white  yolk  material 
— the  white  food-yolk,  and  the  whole  invested  with  tlie  vitelline  membrane. 
When  the  egg  is  held  still  in  a  position  of  equilibrium  (see  J.  Oellacher  in 
Strieker's  "  Studien  aus  dem  Institute  fiir  experimentelle  Pathologie  in 
Wien,"  Wien,  1870,  Taf.  ii.,  Fig.  1)  we  shall  always  find  floating  on  the  top, 
immediately  beneath  the  vitelline  membrane,  a  whitish  spot,  varying  from 
3  to  4  millim.  in  diameter — the  Cock^s  in^ead  or  Cicatricula  /  this  is  the  prin- 
cipal yolk  with  the  germinal  vesicle.  If  we  examine  these  relations  in  an  egg 
taken  from  beneath  a  setting  hen,  then  if — as  is  usually  the  case — ^the  egg  has 
been  impregnated,  the  process  of  segmentation  will  have  already  been  com- 
pleted, and  we  shall  see  before  us  in  this  spot  the  subdivided,  germ-disk. 
The  white  yolk  surrounds  the  principal  yolk  on  all  sides,  and  also  dips 
down  like  a  slender  thread  into  nearly  the  centre  of  the  yellow  yolk,  where 
it  forms  a  spherical  swelling  the  size  of  a  pea — the  Latebra  or  Vitelline  cav- 
ity of  Purkyn^.* 

The  principal  yolk  with  the  germinal  vesicle  does  not  present  any  special 
peculiarities  apart  from  its  dimensions  and  the  early  disappearance  of  the 
germinal  spot ;  it  represents  the  primordial  egg ;  in  the  Bird's  egg  the  prin- 
cipal difficidty  lies  in  the  question  concerning  the  origin  of  the  food-yolk  and 
its  relations  to  the  primordial  egg-oell. 

In  reference  to  the  historical  part  of  this  question  it  may  be  stated  here  in  brief  that, 
since  the  discovery  of  the  Mammalian  egg  by  Von  Baer,  two  conflicting  views  have 
been  held  concerning  the  Bird's  egg :  the  first,  which  is  supported  by  SciwaDn  (104), 
€tegenbaur  (43),  Leuckart,  Kolliker  (58),  and  Cramer  (34),  considers  the  Bird's  egg  as 
an  entity,  as  a  single  cell :  while  the  other,  supported  by  H.  Meckel  (73),  Allen  Thomp- 
son (115),  Ecker  (87),  Stncker  (114),  His  (53),  and  others,  assumes  that  the  food-yolk, 
as  well  as  the  vitelline  membrane,  is  a  secondaiy  deposit-— the  product  of  the  follicular 
epithelium.  Another  point  of  controversy  relates  to  the  nature  of  the  component 
parts  of  the  food -yolk,  which  Schwann  (104),  and  Klebs  (56),  and  recently  His  (53), 
have  declared  to  be  cells,  whereas  by  others,  Gegenbaur  (43),  and  Strieker  (114),  for 
example,  they  are  looked  upon  as  spherical,  drop-like  bodies  of  a  peculiar  kind,  which 
can  lay  no  claim  to  the  digpaity  of  a  cell,  but  should  rather  be  classed  with  the  col- 
loid spherules,  albuminous  drops,  etc.,  which  are  found  in  secretions. 

The  youngest  Birds'  eggs  are  entirely  like  those  of  Mammals  (see  fig.  215, 
B.  C.  and  D.)  excepting  that  the  follicular  epithelium,  contrary  to  the  views 
of  His  (53),  consists  of  but  one  layer.  Soon  an  increase  in  the  contents  of 
the  follicle  will  be  noticed,  although  a  fluid  analogous  to  the  Liquor  foUiculi 
will  nevor  be  found  there,  but  in  its  stead  a  finely  granular  mass  which  sur- 
rounds the  principal  yolk,  but  yet  is  distinctly  separable  from  it ;  this  is  the 
first  foundation  of  the  subordinate  yolk ;  at  the  same  time  the  principal 
yolk  remains  essentially  unchanged.  The  older  the  follicle,  the  larger  will 
the  small  granules  of  the  subordinate  yolk  appear;  they  soon  assume  the 
shape  of  shining,  angular  bodies  and  then  of  small  spheres,  which  appear 
perfectly  homogeneous  and  in  which  no  membrane  can  be  demonstrated — for 


♦The  term  '*  cavity  "  is  used  because  in  boiled  eggs  this  spherical  white  mass  of 
yolk  does  not  usually  become  solidified,  but  remains  fluid,  so  that  we  seem  to  have 
before  us  a  real  cavity  filled  with  fluid. 
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certainly  we  would  not  be  justified  in  considering  tlTat  tunicle,  which,  after 
the  addition  of  water,  becomes  visible  in  the  larger  spheres,  as  the  equiva- 
lent of  a  cell-membrane.  These  small,  angular,  and  round  vitelline  bodies 
are  very  resistant ;  when  crushed  by  pressure  on  the  thin  cover,  the  rup- 
tured surface  assumes  a  radiated,  stellate  foi-m ;  their  chemical  reactions, 
which  have  very  recently  been  investigated  by  His,  place  them  among  the 
protagon-containing  substances.  FinaUy,  these  spheres  attain  quite  consid- 
erable dimensions,  but  the  transition  may  be  followed  step  by  step  from  the 
smallest  vitelline  bodies  to  tlie  largest  vitelline  spheres.  In  the  larger 
spheres  there  are  found  almost  always  one  or  more  of  the  smaller  bodies, 
and  still  smaller  bodies  will  frequently  be  found  lying  inside  of  the  latter. 
It  was  chiefly  owing  to  this  circumstance  that  His  (53)  interpreted  the 
vitelline  spheres  as  cells,  for  he  considered  the  bodies  enclosed  within  them 
to  be  respectively  nuclei  and  nucleoli.  Their  form,  the  inconstancy  of  their 
appearance,  their  solid  consistency,  the  gradual  transition  from  the  smaller 
to  the  larger  spheres,  and  the  circumstance  that  the  older  the  follicle,  the 
smaller  on  the  one  hand  will  be  the  number  of  the  small  spheres,  w^hile  on 
the  other  the  larger  ones  will  be  more  numerous,  will  not  permit  me  to  side 
with  him  in  this  interpretation.  Just  as  little,  however,  can  I  side  with 
Gegenbaur  in  the  belief  that  the  smaller  spheres  are  an  endogenous  produc- 
tion of  the  larger  ones ;  I  consider  it  much  more  probable  that  the  smaller 
spheres  are  simply  forced  by  pressure  into  the  larger  ones,  inasmuch  as  the 
larger  spheres  are  much  softer  than  the  smaller  ones,  and  in  every  motion  of 
the  yolk  its  closely-packed  component  parts  must  pi-ess  upon  each  other. 
The  larger  spheres  appear  to  grow  from  the  smaller  elements  simply  by 
swelling.  Von  Wittich  (128)  has  made  similar  statements  in  reference  to 
the  yolk  of  the  Arachnidan  egg ;  here  the  vitelline  spheres  are  not  cells : 
they  grow  by  imbibition  of  the  fluid  albumen  which  sun'ounds  them.  The 
yellow  yolk,  which  constitutes  later  the  chief  portion  of  the  Bird's  and 
Reptile's  e^g,  is  simply  a  modification  of  the  white ;  it  contains  chiefly  the 
larger  vitelline  spheres,  whose  substance,  however,  is  clouded  by  the  jiresence 
of  fine  molecules ;  what  the  origin  of  this  opacity  is,  has  not  yet  been  made 
a  subject  of  investigation. 

But  finally,  whence  originates  the  finely  granular  mass  which  composes 
the  subordinate  yolk  ?  It  is  indisputably  a  product  of  the  follicular  epithe- 
lium— nothing  less  than  a  metamorphosed  protoplasma  of  the  follicular 
epithelial  cells.  Although  I  agree  with  Gegenbaur's  views  on  most  points, 
on  this  one  I  must  differ  from  him  (45),  especially  as  he  has  recently  given 
prominence  to  his  former  statement,  that  the  component  parts  of  the  yolk 
are  simply  modifications  of  the  protoplasma  of  the  primitive  egg-cells.  In 
young  eggs  no  boundary-line  can  be  seen  between  the  protoplasma  of  the 
epithelial  cells  and  the  finely  granular  subordinate  yolk;  it  seems  as  if 
while  the  protoplasma  issued  forth  from  the  inner  membraneless  end  of  the 
cells,  and  became  lost  in  the  substance  of  the  subordinate  yolk  at  the 
nuclear  end  of  the  epithelial  cells — that  which  is  nearest  to  the  w^all  of  the 
follicle — new  protoplasma  were  constantly  forming  and  pushing  forward  to 
supply  the  place  of  the  old.  However  that  may  be,  the  follicular  epithelium 
is  at  all  events  directly  connected  with  the  formation  of  the  subordinate 
yolk ;  this  follows  from  two  circumstances.  In  the  first  place  there  are 
found,  in  Lizards,  for  instance,  in  the  protoplasma  of  the  epithelial  cells, 
quite  small  shining  bodies,  similar  to  the  youngest  vitelline  granules;  and 
then,  in  the  next  place,  the  follicular  epithelial  cells  (see  ^g.  216)  are 
most  fully  developed  at  the  time  when  the  formation  of  yolk  is  taking  place 
most   actively.     Meckel   von  Hemsbach  (73),  Allen  Thompson  (115)  and 
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others  have  already  expressed  views  which  accord  with  the  above.  The 
radiated  layer  (see  ^g.  216)  between  the  follicular  epithelium  and  the  yolk 
cannot  offer  any  obstruction  to  this  mode  of  growth,  for  it  is,  as  I  have  al- 
ready mentioned  before,  traversed  by  numerous  porous  canaliculi,  in  which 
delicate  protoplasma^  threads  of  the  epithelial  cells  are  lodged. 

The  same  relations  exist  in  the  eggs  of 
the  Selachia,  as  Gegenbaur's  (43)  inves- 
tigations, for  instance,  have  shown.  I 
also  find  the  same  kind  of  egg-formation 
in  the  Osseous  Fishes  and  the  higher 
Crustacea,  as  for  example  Astacus  fluviar 
tilis,  whose  vitelline  plates  and  spheres 
originate  in  precisely  the  same  manner, 
and  in  whose  eggs  a  principal  and  subor- 
dinate yolk  may  be  clearly  distinguished, 
as  in  the  case  of  Birds.  As  a  radical 
distinction  between  the  principal  and 
subordinate  yolks,  S.  Strieker  (114)  has 
made  the  beautiful  discovery  in  the  egg 
of  the  Trout,  that  under  favorable  cir- 
cumstances amoeboid  motions  may  be 
seen  in  the  former,  whereas  the  latter  re- 
mains entirely  passive. 

In  the  Batrachian  eggs,  although  in 
other  respects  they  resemble  very  closely 
those  of  the  Osseous  Fishes,  no  distinct 
separation  can  be  made  out  between  the 
principal  and  subordinate  yolks ;  here 
again  the  relations  are  more  like  those 
of  Mammals.  Nevertheless  many  things 
— as  for  example  the  formation  of  the  vi- 
telline plates,  which  are  entirely  analo- 
gous to  those  of  Fishes — favor  the  view 
that  here  also  a  subordinate  yolk  is  pro- 
duced by  the  follicular  epithelium,  al- 
though optically  it  cannnot  be  distinguished  so  easily  from  the  mass  of  the 
principal  yolk.  Farther  on  I  shall  allude  to  the  doubts  which  might  be 
raised  against  this  view  from  the  fact  of  the  complete  subdivision  of  the 
Batrachian  eggs. 

The  above-mentioned  vitelline  plates,  which  are  to  be  found  in  the  eggs 
of  Turtles,  Batrachia,  Cartilaginous  Fishes  and  many  of  the  Osseous  Fishes, 
are  doubly  refractive  crystals  (Radlkofer)  of  an  albuminoid  substance, 
which  W.  Kuhne  (Lehrbuch  der  physiologischen  Chemie,  S.  552)  declares  to 
be  Vitellin.  Virchow  (119)  was  the  first  to  demonstrate  by  micro-chemical 
reactions  their  albuminoid  nature,  and  showed  that  at  all  events  they  were 
not  a  fatty  substance,  which  they  were  previously  believed  to  be.  The  form 
of  the  crystals  varies  in  the  different  species :  in  Rana,  for  example,  they 
are  quadratic  tablets  whose  angles  are  often  drawn  out  to  a  point,  whereas 
in  Perca  the  forms  are  very  variable,  approaching,  however,  most  commonly, 
the  spherical  form  in  the  mature  eggs.  In  reference  to  this  point  see 
especially  Hadlkofer^s  work  in  the  Zeitschrift  fiir  wiss.  Zoologie,  Bd.  9 — 
"  Ueber  die  wahre  Natur  der  Dotterplattchen." 

I  will  add  to  these  remarks  on  the  eggs  of  Vertebrates  a  few  words  concerning  the 
ovaiy  and  eggs  of  Invertebrates. 


^ — O.lMWIftft'itBffi^^ 

Fig.  216.  (No.  25,  Plate  HL  of 
my  ^M>k. )  Section  of  the  wall  of  a 
Hen^B  follicle  (4  mm.  in  diam. ).  Hart- 
nack  f ;  a,  yitelline  spheres ;  di ,  mole- 
cular vitelline  layer ;  6,  Eona  radiata ; 
e^  follicular  epithelium;  d,  epithelial 
cells  with  delicate  hairs  at  their  basi- 
lar extremities ;  e,  membrana  propria 
f  ollici:di ;  /,  inner,  highly  cellular 
layer  of  the  connective-tissue  wall  of 
the  follicle;  g,  outer  layer;  A,  ova- 
rian epithelium. 
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Luberkiihn's  (69)  observations  on  the  Porifera,  Balbiani's  (8)  and  Stein's 
(110)  investigations  concerning  the  Infusoria,  Greefs  (48)  and  Strethill 
Wright's  (112,  113)  statements  relating  to  the  Rhizopoda  have  thrown  some 
light  on  the  relations  (here  under  consideration)  which  exist  in  the  Protozoa ; 
nevertheless  our  knowledge  in  this  department  is  exceedingly  deficient.  In 
the  Porifera  the  eggs  do  not  go  through  the  process  of  development  in 
special  organs,  but  individual  epithelial  cells  (?)  of  the  walls  of  the 
canalicular  system,  which  traverses  the  spongy  body,  may  develop  into  eggs. 
In  the  Infusoria  first,  according  to  Balbiani's  discovery,  is  there  found  a 
special  organ  for  female  germs — the  so-called  nudeua.  This  nucleus  has  a 
very  variable  shape — round,  oval,  or  even  band-shaped ;  its  granular,  pro- 
toplasma-like  contents,  after  fructification  has  been  accomplished  by  the 
conjugation  of  two  Infusoria,  break  up  by  a  sort  of  segmentation-process 
into  several  subdivisions,  and  it  is  still  a  question  whether  the  nucleus  is  to 
be  considered  as  a  single  egg  or  these  products  of  subdivision  as  eggs  ;  or, 
in  other  words,  whether  the  nucleus  is  to  be  looked  upon  as  an  ovarium, 
consisting  in  that  case  only  of  germinal  matter  without  any  intervening 
substance  to  serve  as  a  framework.  Our  knowledge  concerning  the  female 
germs  of  the  Rhizopods  is  the  most  deficient  of  all ;  the  few  statements 
made  by  tJie  above-named  authors  in  relation  to  this  question  lead  us  to 
infer  that  the  eggs  here  are  enclosed  in  a  structure  similar  to  the  nucleus  of 
the  Infusoria. 

Already  in  the  CcBlenterata  distinct  special  organs  are  found  for  the  pro- 
duction of  the  eggs,  which  in  the  higher  forms — Actinia^  Ctenophora^  etc. 
— possess  a  follicular  shape.  It  is  supposed  that  the  eggs  originate  from  the 
cells  which  line  these  follicles.  As  a  rule,  the  capsules  of  the  eggs  appear 
to  be  appendages  of  the  gastro- vascular  a])paratus,  in  the  form  of  numerous 
diverticula  of  the  same ;  for,  as  is  well  known,  in  these  animals  the  gen- 
erative masses  are  also  discharged  into  the  cavity  of  the  stomach  or  into 
one  of  its  radiating  subdivisions. 

The  ovaries  of  the  Echinodermata  consist  of  rounded  or  oblong  sacs 
which  ai'e  usually  united  into  several  gland-like  groups ;  the  number  and  ar- 
rangement of  these  groups  correspond  to  the  radiating  segments  of  the  body. 
In  the  higher  forms,  as  for  instance  in  the  Holothuria  (see  the  work  of  JS. 
Seleuka  (105),  the  individual  glandular  sacs  empty  into  one  or  more  outlet 
ducts.  The  eggs  lie  closely  packed  in  the  glandular  sacs;  their  mode  of 
development,  however,  is  yet  a  matter  for  further  and  more  accurate  inves- 
tigation. AVben  mature  they  possess  a  thick  vitelline  membi*ane,  which  is 
striated  in  a  radiating  direction,  and  an  aperture  which  is  to  be  interpreted 
as  a  micropyle  (see  page  518). 

From  the  discoveries  of  Meissner  (75),  Bischoff  (Zeitschrift  f.  wiss.  Zoo- 
logie,  Bd.  vL),  Munk  (81),  Leuckai-t  (67),  Hering  (51),  Clapar^de  (27,  28), 
and  others,  as  well  as  from  my  own  study  of  the  subject  in  the  Ascarides, 
I  am  able  to  give  the  following  account  of  the  ovaries  of  Worms.  The 
ovary  proper  is  either  a  vesicular  organ,  provided  with  a  special  outlet  duct 
which  terminates  in  the  intricately-built  sexual  canal,  or  else,  as  in  the 
Ascarides,  it  occupies  the  blind  extremity  of  the  genital  tube.  Inasmuch  as 
in  many  Worms,  the  parasitic,  for  example  (Treraatoda,  Cestoidea),  other 
special  glands  exist  which  since  the  time  of  Von  Siebold  have  been  called 
** yolk-stocks,"  so  here  the  ovary  proper  is  distinguished  as  the  "germ- 
stock,"  As  regards  the  function  of  these  two  glandular  apparatuses,  which 
undoubtedly  produce  the  egg,  the  germinal  vesicles  with  the  germinal  spots 
are  clearly  formed  in  the  germ-stock.  And  furthermore  there  is  always 
found^  as  Bischoff  has  already  stated,  between  the  germinal  vesicles  and  sur- 
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rounding  them,  even  at  the  very  end  of  the  germ-stock,  a  certain  amount — 
small  it  may  be — of  finely  granular  Protoplasma,  and  the  nearer  the  eggs 
approach  to  the  outlet  of  the  germ-stock  the  more  distinct  becomes  the  halo 
of  Protoplasma  surrounding  each  germinal  vesicle,  and  each  egg  then 
ap])eai-s  as  a  completed  cell  possessing  Protoplasma  (yolk),  nucleus,  and 
nucleolus ;  consequently  the  eggs  of  the  germ-stock  might  properly  be  com- 
pared to  the  primordial  eggs  of  Vertebrates.  It  has  been  stated  by  many 
that  in  the  germ-stocks  only  germinal  vesicles  were  foimed,  while  the  entire 
yolk -protoplasma  originated  in  the  yolk-stocks.  I  cannot  agree  with  this 
statement,  for,  with  Gegenbaur  (45,  page  287),  I  find  a  delicate  halo  of  Pro- 
toplasma attached  to  every  egg  already  at  the  time  of  its  leaving  the  germ- 
stock.  The  moi-phologicai  meaning,  moreover,  of  the  yolk-stocks  is  not  yet 
definitely  determined ;  Gegenbaur  (45)  suggests  that  *'  they  may  be  consid- 
ered as  portions  of  a  sizable  ovarium,  only  a  very  small  portion  of  which 
remains  as  such,  while  the  largest  part  of  it  undergoes  a  retrograde  meta- 
morphosis into  yolk-stocks."  However  that  may  be,  there  are  at  all  events 
produced  in  the  germ-stock — the  true  ovary — completed  cells,  similar  to  the 
primordial  eggs  of  the  Vertebrates.  Observations  of  Streda  (Reichert's  und 
Du  Bois-Reymond's  Archiv,  1867,  p.  52),  G.  Walter  (124)  and  Leuckart 
(67),  which  I  have  been  able  to  verify  in  Ascaris  nigrovenosa,  show  that  the 
eggs  are  developed  from  the  epithelial  cells  of  the  ovarian  sacs;  at  all 
events  the  gi-eatest  variety  of  transition-forms  are  found  here,  and,  at  the 
very  end  of  the  ovary,  the  youngest  egg-cells  and  epithelial  cells  can  no 
longer  be  distinguished  one  from  the  other.  As  the  eggs  in  the  genital 
sacs  of  the  Ascarides  push  their  way  onward,  the  granular  yolk-mass  sur- 
rounding the  germinal  vesicle  increases  in  quantity,  and  later  there  is  formed 
around  it  a  thinner  or  thicker  vitelline  membrane.  The  increase  in  granu- 
lar yolk-material  is  evidently — ^as  may  be  gathered  from  Leuckart's  (67) 
and  my  own  observations — only  a  product  of  the  epithelium,  which  lines 
these  parts  of  the  genital  sack.  I  must  limit  myself  here  to  this  short  de- 
scription, in  which  I  have  brought  foi-ward  especially  such  facts  as  would  be 
of  service  in  comparing  the  egg-formation  in  Worms  with  that  of  the  higher 
animals.  It  would  also  be  out  of  the  question  for  me  to  enter  into  a  de- 
scription of  the  vaiious  forms  of  ovaries,  and  the  relations  of  their  outlet 
tubes  in  the  so  numerous  species  of  Worms. 

All  Mollusca  possess  for  the  production  of  the  egg  well-developed  glandu- 
lar organs,  consisting  of  a  number  of  acinous  follicles,  whose  epithelial  cells 
may  become  transformed  into  eggs.  The  so-called  "  hermaphrodite  gland  " 
is  very  extensively  found  throughout  the  Molluscous  type ;  in  it,  even  some- 
times in  the  same  follicles,  both  eggs  and  seminal  corpuscles  are  formed ; 
their  immediate  origin  is,  as  £isig  (Zeitsch.  f.  wissensch.  Zoologie,  Bd.  19) 
has  recently  described  it  in  LymnsBUs  auiicularis,  in  the  epithelial  cells  of 
the  glandular  acini.  Both  generative  elements  then  seek  an  exit  through 
the  same  outlet  channel.  From  what  I  have  seen  in  the  Helix  and  Limax, 
the  larger  eggs  which  are  attached  to  the  walls  of  the  acini  are  shut  off  from 
the  rest  of  the  cells  by  a  special  delicate  capsular  membrane ;  I  was  not  suc- 
cessful in  investigating  more  accurately  the  formation  of  this  capsule,  nor  in 
demonstrating  the  existence  of  an  epithelium  on  its  inner  surface,  which 
would  render  this  capsule  entirely  analogous  to  the  Graafian  follicle  of  a  Ver- 
tebrate. With  reference  to  the  formation  of  ova  in  the  Mollusca,  consult 
the  works  of  Semper  (106),  GlaparMe  (29),  Baudelot  (11),  Eisig  and  others. 

In  the  Arthropoda,  which,  I  believe,  rank  next  to  the  Vertebrata  as 
regards  the  development  of  their  female  sexual  organs,  stnictures  are  found 
which  coiTespond  perfectly  to  the  Gi-aafian  follicles. 
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Fig.  217  represents  in  a  semi-diagrammatic  manner  a  portion  of  the  tu- 
bular egg-sac  of  Vanessa  urticse ;  in  the  narrow  portion  a  is  the  termination 
of  the  tubular  ovarium,  which  is  attached  to  the  dorsal  vessel  by  a  slender 

Fig.  217.  • 


''  Fig.  217.  Egg-tube  of  Vanessa  urticsB ;  Bemi-diagratnmatic.  (A  large  part  of  the 
egg-follicles  are  left  out,  in  order  that  the  various  stages  of  development  may  be 
brought  together  in  a  single  figure. )  a,  blind,  tubular  termination  of  the  OVary  con- 
taining at  <7|  germinal  vesicles  in  a  diffuse  moss  of  Protoplasm  a,  and  at  as  already 
fully-developed  cells  ;  b^  6,  egg-follicles ;  c,  c,  yolk-forming  cells,  which  at  Ci  are  in  the 
process  of  degeneration;  d^  granular  mass,  the  remains  of  the  yolk-forming  cells; 
dy  d,  eggs ;  e^  location  of  the  subsequent  micropyle  ;  /,  connective-tissue  external  wall 
of  the  egg- tube ;  at  g,  this  connective-tissue  sheath  Is  continued  on  to  the  Dorl^al  ve«i> 
Bel.      X  oirca  100. 
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cord,  g^  of  connective  tissue.  Within  the  ovary  at  its  extreme  end  a,,  clear 
germinal  vesicles  with  nuclei  will  be  found  embedded  in  a  diffuse,  soft  mass 
of  Protoplasm,  in  exactly  the  same  manner  as  in  tiie  egg-sacs  of  the 
Ascarides ;  farther  down,  at  o^,  we  shall  see  a  portion  of  these  elements — 
each  of  which  by  this  time  possesses  its  separate  mass  of  Protoplasm — 
lining  the  walls  of  the  egg-sac  as  epithelial  cells,  while  other  cells  of  ex- 
actly the  same  size  and  shape  occupy  the  axis  of  the  tube.  Still  farther  down 
a  few  not  only  of  the  central  but  also  of  the  parietal  cells  become  somewhat 
more  prominent  than  the  rest  by  their  size,  and  especially  by  the  greater 
size  and  brilliancy  of  their  nuclei ;  they  approach  more  and  more  to  the 
centre  of  the  tube,  and  then  will  be  found  in  groups  of  from  6  to  8  and 
more,  enclosed  in  wreath-shaped  distentions  of  the  wall  of  the  tube.  Soon 
we  find  subdivisions  of  the  egg-tube  as  at  6,  in  whose  centre  lie  a  number 
of  primordial  egg-cells,  while  the  parietal  cells  assume  distinctly  the  charac- 
ter of  follicular  epithelium — for  we  certainly  can  look  upon  the  several 
sections  of  the  wreath  as  follicles.  Farther  on,  however,  the  picture 
changes;  one  of  the  egg-cells,  that  one  always  which  lies  the  deepest, 
increases  more  rapidly  in  size,  retains  its  very  much  enlarged  nucleus,  while 
at  the  same  time  its  Protoplasma  becomes  darker ;  the  nuclei  of  the  remain- 
ing primordial  egg-cells  remain  smaller,  and  finally,  together  with  their  cell-  - 
protoplasma,  undergo  giunular  degeneration.  At  the  same  time  the  larger 
egg-cell  becomes  shut  off  from  the  other  cells  by  a  bending  inwards  of  the 
epithelium.  Thus  two  subdivisions  are  produced  in  the  follicle  which  are 
distinguished  from  each  other  by  the  names  of  yolk-compai-tment  and  germ- 
compartment.  Since  the  time  of  Lubbock  (70),  whose  view  most  modern 
authors  have  adopted,  it  has  been  customary  to  call  the  degenerating  upper 
egg-cells  "yolk-forming,  cells/' for  it  was  supposed  that  these,  cells  were 
specially  destined  to  furnish  the  definitive  egg- cell  with  its  yolk -material. 
A  cord-like  formation,  which  in  many  Arthropoda,  the  Coccida  (Glaus,  30), 
for  example,  connects  the  yolk-forming  cells  with  the  egg-cell,  gave  material 
support  to  this  belief.  As  for  myself  I  cannot  accept  this  interpretation. 
In  the  first  place,  I  find  in  the  yolk-forming  cells  only  manifestations  of 
fatty  degeneration  and  decay,  whereas  the  mass  of  yolk  in  the  definitive  egg 
goes  on  growing  long  after  the  yolk-forming  cells  have  been  destroyed.  I 
consider  the  mass  of  yolk,  therefore,  at  least  the  largest  part  of  it,  as  a  pro- 
duct of  the  follicular  epithelium,  to  which  source  also  must  be  ascribed  the 
formation  of  the  vitelline  membrane,  which  in  Insects  is  often  marked  with 
a  very  beautiful  design.  The  micropyle  is  formed  at  that  pole  of  the  egg 
which  faces  the  yolk-compartment  (see  fig.  217).  The  s-ti-ucture  of  the 
ovaries  in  most  Insects,  so  far  as  we  are  acquainted  with  it  from  the  works 
of  Stein  (Vergleichende  Anatomie  and  Physiologie  der  Insecten,  I.  1847), 
H.  Meyer  (77),  Weismann  (125),  Glaus  (30),  Leydig  (68),  Lubbock  (70), 
Landois  (62,  63),  Bessels  (14),  and  others,  is  the  same  as  in  the  Vanessa 
urticse. 

I  have  already  mentioned  that  in  the  higher  Grustacea  the  eggs  are 
formed  in  special  follicles ;  in  the  lower  forms  the  ovaries  are  simpler  in 
shape,  either  tubular  or  like  sacs.  The  ovai-ies  and  eggs  of  the  Araneides, 
concerning  which  we  have  received  from  Von  Wittich  (127,128)  an 
exhaustive  i-eport,  present  cei-tain  peculiarities.  The  follicles  consist  of 
lateral  pouches  of  the  tubular  ovarium  ;  according  to  the  statements  of  Von 
Wittich  they  possess  an  epithelium  only  in  the  short  neck-piece  which  joins 
it  to  the  main  tube ;  at  all  events  it  is  at  this  very  portion  of  the  follicle 
that  later  the  vitelline  molecules  accumulate.  At  first  no  germinal  spot 
can  be  seen  in  the  germinal  vesicles,  although  a  smaU  mass  of  protoplasm,  to 
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judge  from  Von  Wittich's  drawings,  is  always  present.  The  germinal 
vesicles  lie  at  first  close  to  the  wall  of  the  ovarian  tube,  and  by  their  own 
growth — while  at  the  same  time  the  surrounding  cellular  protoplasm 
increases — cause  it  to  pouch  outwards ;  in  this  manner  the  follicles  are 
produced.  Here  also  (see  fig.  192  A  of  Von  Wittich's  work)  the  primor- 
dial eggs  can  probably  be  looked  upon  as  originally  epithelial  cells  of  the 
ovarian  tube.  The  so-called  yolk-kernel,  which  is  always  found  by  the  side 
of  the  germinal  vesicle  in  the  eggs  of  certain  species  of  Araneides,  and 
which  was  first  disco ved  by  Von  Wittich,  is  a  very  peculiar  object,  spheri- 
cal in  shape  and  composed  of  concentric  layers ;  it  is  probably  similar  in 
nature  to  the  bodies  of  the  same  name  in  the  eggs  of  the  Batrachia  and 
Osseous  Fishes.  In  the  Batrachia  the  yolk-kernel  disappears  in  the  older 
eggs  (Allen  Thompson),  whereas  in  the  Araneides  the  central  portion  of 
this  body  becomes  later  fluid,  while  the  peripheral  portion  remains  as  a  firm 
capsule.     The  significance  of  the  yolk-kernel  is  thus  far  unknown. 

Development  of  the  Ovaries  and  Eggs. — In  the  Fowl's  embryos,  no 
matter  to  which  sex  they  belong,  the  first  traces  of  the  germinal  glands  are 
noticed  about  the  end  of  the  fourth  day.  About  this  time  the  Wolffian 
body  is  covered  with  a  regular  cylindrical  epithelium,  while  the  remainder  of 
the  peritoneal  cavity  is  lined  already  with  small  flat  cells. 

Through  the  work  of  Schenk  (101)  we  know  that  origuially  the  entire  pleoro-perito- 
neal  fissure  is  lined  on  its  inner  surface  with  cylindric^  cells  which  originate  from  the 
subdivided  lateral  portions  of  what  was  at  first  the  middle  germinal  plate.  Schenk 
assumes  that  this  layer  of  cells,  which  corresponds  to  the  '^  cutaneous  and  intesti- 
nal fibrous  plate  "  of  Remak,*  serves  exclusively  to  form  the  subsequent  peritoneal 
epithelium.  Gotte  (47)  has  recently  adopted  this  view  in  reference  to  the  Batrachia. 
Throughout  the  greater  part  of  the  peritoneal  cavity  these  cylindrical  cells  very  soon 
disappear,  and  in  their  place  appear  entirely  flat,  pale  elements ;  only  the  median 
angle — corresponding  to  Remak's  middle  plate — and  later  the  Wolffian  body,  which 
grows  out  from  this  spot,  retain  their  covering  of  cylindrical  epithelium. 

From  the  fourth  day  on,  the  above-mentioned  epithelium  undergoes  a  de- 
cided thickening,  both  along  the  median  and  on  the  lateral  side  of  the  Wolf- 
fian body;  the  median  thickening  is  the  first  foundation  of  the  ovarium, 
while  from  the  lateral  will  be  formed  the  subsequent  Tuba — Miiller's  duct. 

The  thickening  of  the  epithelium  also  shows  itself  first,  in  male  embryos,  at  the 
locality  of  the  germinal  gland;  here,  however,  it  disappears  towards  the  eighth  or 
ninth  day,  whereas  in  the  fem^e  embryos  it  grows  constantly  thicker. 

Veiy  soon  a  small,  spherical  growth,  rich  in  cells,  will  be  seen  pushing  its 
way  up  from  the  interstitial  tissue  of  the  Wolffian  body  beneath  the  epithe- 
lial thickening  just  mentioned  (see  fig.  218).  lite  thickened  epithelium 
above  it  now  gradually  becomes  so  disposed  as  to  form  the  foundation  Jvr  the 
Graafian  follicles  and  eggs^  and  also  for  tlie  subsequent  ovarian  epitfieliumy 
whereas  the  connective-tissue  growth  is  destined  to  constitute  the  vascular 
stroma  of  the  ovary. 

Already  in  the  ovaries  of  Fowls'  embryos,  which  are  4-5  days  old,  the 
interesting  observation  can  be  made,  that  among  the  epithelial  cells  a  few 
are  prominent  by  their  size  and  rounded  form,  and  by  tlie  magnitude  of 
their  nuclei  (see  iig.  218  O).  From  the  regularity  in  shape  of  these  for- 
mations and  from  the  constancy  of  the  locality  in  which  they  are  found,  it 
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roay  safely  be  inferred  that  theRe  are  in  fact  very  young  piimordial  eggs,' 
which  have  become  developed  already  duiing  embryonic  life,  by  simple 
growth  from  the  germ  epithelial  cells.  The  relations  we  have  just  describ- 
ed may  also  easily  be  verified  in  Mammals  (Dogs'  and  Rabbits'  embryos). 

The  further  development  of  the  ovaries  consists  in  a  peculiar  process  of 
intergrowth,  in  which  both  the  superficial  epithelium  (germ-epithelium)  and 
the  vascular  stroma  lying  beneath  it,  participate  {^g,  219  will  give  some 
idea  of  the  process).  While  a  few  vascular  shoots  of  connective  tissue,  some 
delicate,  others  larger,  grow  upwards  from  the  Stroma,  the  epithelium  also 
increases  in  amount  by  new  productions;  in  this  way  the  trabecul»  of  the 
Stroma,  by  insinuating  themselves  between  the  epithelial  cells,  will  enclose 
a  smaller  or  larger  number  of  them,  until  little  by  little  the  cells  become  em- 
bedded in  the  depths  of  the  vascular  Stroma.  These  connective-tissue  shoots 
may  be  seen  at  c  in  fig.  219;  and  at  dy  d,  embedded  masses  of  epithelial 
cells,  or  such  as  are  on  the  eve  of  being  embedded,  are  visible.  It  is  clear 
from  the  nature  of  this  process  that  of  these  individual  masses  of  epithelium 
the  largest  pai*t  must  be  connected  together  like  the  cords  of  a  net,  and  hence 
that  at  this  period  of  its  development  the  ovarium  will  represent  a  system 

Fig.  218. 


Fig.  218.  (Fig.  50,  Plate  Y.  of  my  book.)  Transvene  section  of  the  Wolffian  body 
with  the  mdimentfi  of  the  ovary  and  Miiller's  dnct.  (Fowrs  embryo  at  the  end  of 
the  foarth  hatching  day.)  W.  K.  Wolffian  body,  y,  transverse  section  of  the  Wolf- 
fian dact;  ai  and  a,  thickened  germ-epithelium;  z^  Miiller^s  duct  oonneoted  with 
germ-epithelium ;  B,  mdiment  of  the  ovaiy  with  very  much  thickened  germ-epithe- 
lium ;  0,  Oy  primordial  eggs ;  m^  mesenteiy ;  L,  lateral  abdominal  wall. 

of  trabeculse  composed  of  vascular  connective  tissue,  whose  meshes  commu- 
nicate with  one  another  like  the  s|>aces  in  a  cavernous  tissue.  His  (52)  and 
Kolliker  (59)  have  already  called  attention  to  this  cavernous  structure  of  the 
foetal  ovary,  nevertheless  they  did  not  understand  its  development.      Kolli- 
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ker  moreover  states  quite  lightly  that  the  individual  follicles  are  formed 
from  the  masses  of  epithelial  cells — "  glandular  trabeculse  "  as  he  rails  them 
(ovum-trabeculP9,  Frey) — by  a  progressive  growth  of  connective-tissue  septa 
which  insinuate  themselves  between  the  cells. 

Among  the  embedded  epithelial  cells  very  many  will  now  stand  out 
from  the  rest  by  their  size  and  the  magnitude  of  their  nuclei,  just  as  we 
have  already  seen  it,  and  may  even  yet  at  this  period  of  the  development 
see  it  in  the  superficial  epithelium  (see  fig.  220).  Pfliiger  (84,  p.  113)  has  al- 
ready made  mention  briefly,  in  his  third  preliminary  communication,  of  such 
very  young  egg-cells  in  the  ovarian  epithelium  of  young  Cats,  and  designates 
them  expressly  as  *'  prospective  eggs ; "  *  in  his  completed  work,  however, 
he  has  not  followed  up  the  subject  any  farther.  Other  cells  remain  small 
and  surround  the  individual  egg-cells — that  is,  the  larger  cells — after  the 
manner  of  an  epithelium.  It  is  easy,  moreover,  by  a  comparison  of  the 
younger  ovaries  with  those  that  are  older,  to  prove  that  the  connective- 
tissue  Stroma  between  the  embedded  epithelial  balls  increases  steadily, 
jmshing  its  way  between  the  individual  egg  cells  thus  covered  with  epi- 
thelium. In  this  manner  each  epithelial  ball  will  soon  be  converted  by  the 
growth  of  these  vascularized  bands  into  just  so  many  separate  compartments 

Fig.  219. 


Fig.  219.  (Fig.  11,  Plate  II.  of  my  book.)  Vertical  section  of  the  ovary  of  a  32 
weeks  old  Human  foetus ;  Hartnack  ^.  a,  a,  epithelium ;  b^  6,  youngest  egg-cells 
of  the  epithelial  stratum  ;  c,  trabeculse  of  comiective  tissue,  pushing  their  way 
forwards  into  the  epithelial  layer  ;  <?.  ^,  primordial  follicles,  surrounded  by  an 
outline  of  narrow  connective-tissue  cells ;  /,  groups  of  already  embedded  epithelial 
cells  (egg-balls),  among  which  are  a  few  larger  cells  (primordial  eggs)  ;  Qy  gnm.- 
cells  of  His. 

as  there  are  egg-cells  in  the  ball ;  later  there  may  be  found  follicles  contain- 
ing two  or  more  eggs,  but  such  an  occurrence  is  rare  (see  fig.  213).  I 
need  scarcely  add  that  the  compartments  which  have  thus  been  produced 
are  the  youngest  follicles — the  primordial  follicles. 

The  form  of  the  compartments  in  which  the  egg-cells  together  with  the  follicular 
epithelium  are  embedded,  is  very  variable ;  the  rounded  and  oval  alternate  with 
oblong,  tubular  formations  (see    fig.  220),  and  the  latter  become  of   course   more 
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prominent,  the  more  the  interstitial  stroma-tissue  increajses  in  amount.  In  Humaa 
embryos  of  the  4th  to  the  7th  month,  the  rounded  compartments  predominate,  whereas 
in  new- bom  infants,  and  in  children  during  the  first  years  of  their  life,  the  elongated 
epithelial  sacs  will  be  found  in  greater  numbers.  The  elongated  tubular  formations 
in  the  ovaiy,  the  ovarian  tubes,  would  seem  therefore  to  be  secondary  formations, 
which  depend  rather  on  a  certain  prolific  development  of  the  interstitial  connective 
tissue,  and  are  not,  as  Pflilger  (84)  would  have  ur  believe,  necessary  fore-steps  to  the 
formation  of  the  Graafian  follicles.  Pfluger  in  his  account  lays  the  greatest  stress  on 
these  ovarian  tubes.  He  has  described  (84)  them  as  possessing  a  structureless  membrana 
propria,  by  whose  successive  constrictions  the  individual  Graafian  follicles  are  formed. 
I  have  not  yet  succeeded  in  demonstrating  such  a  membrana  propria ;  His  (52),  too, 
and  Langhans  (64),  as  well  as  KoUiker,  are  unable  to  find  it ;  as  already  mentioned,  it 
IB  wanting  in  the  foUicles  of  Mammals,  but  at  a  later  stage  it  is  found  in  the  larger 
follicles  of  Birds  (see  fig.  216).  When  the  follicles. become  separated  by  constriction, 
the  egg-cells,  according  to  Pfliiger,  still  remain  connected  for  a  time  through 
the  m^ium  of  their  protoplasma;  the  spot  where  this  occurs— the  pole  of  the 
follicle — is  recognizable  even  after  the  constriction  is  complete,  by  the  diminished 
size  of  the  epithelial  cells. 

Moreover,  according  to  Pfliiger^s  (84)  representations,  the  tubes  which  are  situated 
close  to  the  surface  of  the  ovary  end  blind,  and  in  this  blind  termination  the  germinal 
vesicles  are  produced.  The  protoplasm  at  first  surrounds  the  germinal  vesicles 
diffusely,  but  afterwards,  when  they  push  their  way  deeper  down  in  the  tube,  it 

Fig.  220. 


Fig.  220.  Portion  of  a  sagittal  section  of  the  ovary  of  a  new-bom  chfld.  (Hart- 
nack  f  with  tube  pushed  in),  a,  ovarian  epithelium;  &,  rudiment  of  an  ovarian 
tube ;  c,  c,  eggs  embedded  in  the  epithelium  ;  rf,  rf,  long  ovarian  tube  in  the 
process  of  transformation  into  follicles  ;  e,  e,  egg-balls,  likewise  in  the  process  of 
transformation  into  follicles  ;  /,  youngest,  already  isolated  follicles  ;  g^  <7,  vessels. 
In  the  tubes  and  egg-balls  the  primordial  eggs  can  be  distinguished  from  tbe  smaller 
epithelial  cells,  which  constitute  the  subsequent  follicular  epithelium. 

surrounds  each  germinal  vesicle  more  dietinctly.  A  number  of  these  cells  will  also 
soon  grow  more  actively,  while  the  others  remain  in  statu  quo,  and  represent  the 
epithelial  cells  of  the  tubes.  The  larger  cells,  the  primordial  eggs,  occupy  the 
centre  of  the  tubes.  The  eggs,  whose  mode  of  origin  reminds  one  perfectly  of  what 
has  already  been  said  of  the  Nematoda  and  Arthropoda,  are  called  by  Pflilger 
**  primitive  eggs."  Afterwards  these  multiply,  he  says,  by  subdivision  and  budding, 
and  the  products  of  these  processes  of  subdivision  are  definitive  eggs,  which,  however, 
remain  still  for  some  time  connected  togfether  in  the  tubes  by  protoplasma-processes, 
after  the  fashion  of  a  chain  (Pfliiger^s  egg-chains).     The  most  important  factum  in 
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this  account,  which  is  now  pretty  generally  accepted — the  multiplication  of  the 
primitive  eggs — I  have  not  been  able  to  see ;  I  mnst  also,  from  what  I  have  already 
said,  deny  the  origin  of  the  primitive  eggs  and  germinal  vesicles  in  the  blind  termina- 
tion of  a  tube.  Ptliiger,  moreover,  has  represented  in  one  of  his  figures  (Tab.  HI., 
Fig.  1 )  a  connection  between  one  of  the  tubes  and  the  superficial  cylindrical  epithe- 
Ifum  of  the  ovary,  and  has  often  expressed  the  view  that  the  contents  of  the 
egg-tubes  might  originate  in  the  ovarian  epithelium,  although  at  the  same  time 
he  persists  in  considering  the  latter  as  a  serous  epithelium ;  finally,  however,  he 
returns  again  to  the  mode  of  formation  we  have  just  described,  whereby  the  eggs 
are  formed  in  the  blind  ends  of  the  tubes,  and  lays  the  greatest  stress  on  this  point. 

Bischoff  and  others  have  expressed  the  view  that  the  development  of  the  egg  ceases 
with  the  termination  of  the  fcetal  period,  and  from  my  own  researches  I  must  agree 
with  him  on  this  point.  Pfluger  undertook  the  first  to  demonstrate  a  post-em- 
bryonic new  formation  of  egg-tubes,  occurring  as  he  believed  periodically ;  in  this 
view  he  was  supported  by  Koiliker,  who  (G«webelehre,  page  560)  believes  that  the 
formation  of  new  follicles  and  eggs  takes  place  by  the  proliferation  of  the  epithelium 
of  already  existing  follicles.  I  do  not  deny  that  even  in  adults  we  occasionally  see 
tubular  and  rounded  groups  of  egg-cells,  in  which  the  process  of  subdivision  into  fol- 
licles by  constriction  is  not  yet  completed.  I  have  frequently  seen  formations  of  this 
kind,  and  also  depressions  of  the  superficial  epithelium  (see  fig.  214),  in  Dogs,  Rabbits 
and  Birds ;  still  it  remains  an  open  question  whether  these  appearances  are  not  the 
remains  of  former  periods  of  growth  ;  at  all  events  I  have  not  yet  been  able  to  per- 
suade myself  that  the  contrary  is  true :  Koeter*s  (flO)  statements  are  similar  to  the  above. 

If  we  glance  over  the  results  obtained,  it  will  be  seen  first  that  the 
stroma  of  the  ovary  does  not,  either  through  its  cellular  elements  or  in  any 
other  way,  produce  the  egg — a  view  which,  before  Pliiiger's  pioneer  work, 
the  majority  of  investigators  had  sought  to  prove — ^but  that  it  is  simply  the 
support  of  a  peculiar  epithelial  formation,  which  from  the  very  beginning 
developed  itself,  as  an  independent  embryonic  deposit,  entirely  distinct 
from  the  stroma,  and  stands  in  the  same  contrast  to  the  latter  as  do  every- 
whei*e  the  products  of  both  epithelial  laminsB  of  the  embryo  to  their  vascular 
connective-tissue  supports. 

Certain  observations  in  pathology,  as  for  instance  the  development  of  numerous 
dermoid  cysts  in  the  ovaries,  have  already  long  since  led  to  the  search  in  that  organ 
for  cells  belonging  to  the  homy  layer.  The  well-known  statements  of  His  (52)  oould 
not  be  verified,  and  since  then  the  attempt  has  not  been  successful  to  obtain  more  ac- 
cuobte  proof  bearing  on  this  point  by  the  study  of  the  process  of  development.  I 
would  like  to  call  attention,  however,  to  a  work  of  Van  Bambeke^s  (6),  which  I  have 
only  recently  been  able  to  see :  this  author  has  found  that  in  Pelobates  fuscus  the 
outermost  germinal  layer,  which  produces  the  largest  portion  of  the  epidermoid  ele- 
ments, dips  down  on  both  sides  of  Ecker^s  vitelline  plug,  at  Rusconi^s  and  Remakes 
anal  fissure,  into  the  cavity  of  the  egg,  there  to  form  a  portion  of  the  third  germinal 
layer;  while  at  the  same  time  the  cells  of  the  remaining  portion  assume  entirely  the 
character  of  the  cells  belonging  to  this  incurving  part.  From  this  third  germiniU 
plate  in  the  Batraohia,  however,  are  produced  the  internal  organs  of  generation  and 
the  Wolffian  bodies ;  this  circumstance  should  perhaps  show  us  the  right  track  to  fol- 
low in  the  investigation.  (See  Gotte^s  (47  a)  preliminary  communications  on  this  topic. ) 

A  very  remarkable  circumstance  is  the  early  appearance  of  the  eggs, 
"which  in  all  class^s  of  animals  are  simply  more  fully  developed,  especially 
perfect  epithelial  cells  of  the  ovary ;  hence  the  follicular  ejtithelium  and 
the  egg-cells  also  stand  in  a  direct  genetical  relation  to  each  other. 

I  would  call  attention  in  tlus  place  to  EL  Mecznikow^s  (74)  "pole-cells.'^  In 
the  Cecidomyids  he  found  that  the  youngest  ovarian  deposit,  consisting  of  a  mass  of 
•cells,  was  chwraoterized,  even  when  it  first  appeared,  by  the  presence  of  special 
cells,  which  he  called  '*  pole-cells  ;^'  these  were  the  youngest  eggs. 

If  we  can  consider  it  as  settled  that  no  new  formation  of  eggs  takes  place 
later,  then  we  should  have  in  these  elements  one  of  the  most  remarkable 
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instanoes  of  longevity  among  elementary  organisms;  this  is  true  at  least 
in  Man,  where  they  may  live  fully  forty  years. 

We  have  everywhere  become  acquainted  with  the  accessory  appendages 
of  the  primordial  egg-cell,  such  as  the  subordinate  yolk  and  the  zona  pellu- 
cida,  as  products  of  the  follicidar  epithelium.  Hence  we  can  only  consider 
the  primordial  egg  as  a  simple  cell,  the  mature  ovarian  eggs  being  already 
complex  bodies. 

This  view  would  seem  to  be  contradicted  by  the  experience  that  the  eggs  of  the  Batra- 
chia  and  of  Mammals,  as  well  as  those  of  many  of  the  lower  animsds,  undergo  sub- 
division in  all  their  component  parts.  The  contradiction,  however,  is  not  yet  surely 
binding.  On  the  one  hand  we  may  ask  whether  the  products  of  the  follicular  epithe- 
lium, which  is  genetically  related  to  the  egg^  cannot,  when  supplied  in  small  quantily, 
be  entirely  assimilated  by  the  primitive  egg-cell.  On  the  other  hand,  however,  it  is 
veiy  doubtful  whether,  in  the  animals  mentioned  above,  all  the  componcDt  parts  of 
the  egg  contribute  directly  to  the  formation  of  the  embryonic  body.  At  least  so 
far  as  the  Batrachia  are  concerned,  G<)tte  (47)  has  called  attention  to  the  fact  that 
the  so-called  glandular  germ-material  of  Bemak,  which  is  considered  as  a  product 
of  the  segmentation,  serves  chiefly  as  nourishment  to  the  larva.  In  this  matter  we 
still  need  more  accurate  investigations  on  segmentation  and  the  relatione  of  its  pro- 
ducts to  the  cell. 

At  idl  events  there  seem  also  to  be  eggs  with  which  no  subordinate  yolk  is  associated. 
Leaving  out  of  the  account  the  eggs  of  the  Protozoa,  concerning  which  at  the  present 
time  we  can  form  no  judgment,  it  may  be  mentioned  that  Oanin  (41)  has  recently 
found  in  a  few  of  the  Hymenoptera,  which  belong  to  the  subdivision  of  Pteromalina. 
mature  eggs  without  any  vitelline  gpranules,  whose  germinal  vesicles  were  surrounded 
by  only  a  small  amount  of  transparent  protoplasma. 

The  comparison  of  the  eggs  of  different  classes  of  animals  becomes  an 
easy  matter  after  the  foregoing  description.  The  primordial  eggs  are  every- 
where alike;  the  mature  ovarian  eggs  of  Vertebrates  are  also  entirely  alike, 
inasmuch  as  all  are  composed  of  the  primordial  egg,  together  with  a  mate- 
rial which  is  always  produced  in  the  same  manner  by  the  follicular  epithe- 
lium. The  various  and,  to  a  cei'tain  extent,  very  artificial  classifications 
into  which  it  has  been  customary  to  divide  eggs,  are  tlius  done  away  with 
in  a  very  simple  manner. 

The  comparison  between  the  ovaries  of  the  different  species  of  animals  is 
more  difficult  to  carry  out.  In  the  lowest  groups  of  animals  they  appear  to 
be  i*educed  to  their  simplest  yet  most  essential  element — the  egg-cell ;  in 
many  Worms  and  Coelenterata,  we  find  in  the  place  of  special  organs  a  few 
spots  in  the  abdominal  wall  which  are  simply  covered  with  the  germ-epithe- 
lium, but  do  not  possess  any  specially  arranged  vascular  under-layer ;  and 
the  cells  of  the  germ-epithelium  by  simple  growth  become  developed  into 
eggs.  The  Echinoderms,  Molluscs,  and  by  hr  the  greatest  part  of  the  Ar- 
thropods, possess  already  special  organs  whose  structure  is  built  on  the  type 
of  tubular  or  clustered  glands.  Moreover  there  is  found  in  the  Molluscs 
and  most  of  the  Ai-thropods  that  arrangement  of  egg-follicles  which  is  a 
constant  and  I  might  almost  say  characteristic  phenomenon  in  Vertebrates. 
At  the  same  time  the  primordial  egg-cell  is  enclosed  by  the  formation  of 
si^edal  accessory  parts  in  a  compartment  of  its  own,  which  is  completely  sur- 
rounded by  a  vascularized  stroma.  The  contrast  which  exists  here  between 
the  higher  Vertebrates  and  the  lower — the  Batrachia  and  Osseous  Fishes, 
and  also  most  of  the  Invertebrates — is  specially  noteworthy.  In  the  former 
at  least  a  i>ortion  of  the  ovarian  epithelium  remains  exposed  to  view,  while 
in  the  latter  all  the  epithelium  is  entirely  enclosed  in  a  vascularized  stroma. 
We  must  imagine  this  enclosing  of  the  epithelium,  in  the  Amphibia  and  Os- 
seous Fishes,  to  have  taken  place  in  such  a  manner  that  the  germ-epithelium 
— which  originally  in  all  Vertebrates  was  spread  out  over  the  surface — 
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together  with  the  epithelium  of  the  tube,  became  surrounded  on  all  sides,  as 
the  development  progressed,  by  a  vascularized  stroma.  In  most  of  the  Os- 
seous Pishes,  this  process  takes  place  in  direct  connection  with  the  tube, 
-v^hose  broadened  blind  tei-mination  seems  here  to  constitute  the  ovary.  In 
the  higher  Vertebrates  this  total  embedding  of  the  epithelium  does  not  take 
place  either  in  the  ovaiy  or  at  the  ostium  abdominale  of  the  tube. 

The  entire  plan  on  which  the  ovaries  are  constructed  resembles  closely 
the  type  of  the  true,  that  is,  epithelial  glands;  we  have  here,  as  there, 
rounded  or  oblong  masses  of  epithelial  elements  embedded  in  a  vasculai-ized 
stroma  that  serves  as  a  suppoi-t  both  for  them  and  for  the  vessels  ;  then  in 
the  liquor  folliculi  and  subordinate  yolk  we  have  the  i-equisite  secretion. 

We  have  finally  still  to  account  for  the  subsequent  fate  of  the  Graafian 
follicles,  which  play  a  part  both  in  ovulation  and  in  the  formation  of  the 
yellow  bodies — corpora  lutea.  Both  processes  stand  in  the  closest  relation 
to  each  other,  a  fact  which,  although  formerly  supposed,  has  only  recently 
been  proven  by  Spiegelberg  (109). 

In  each  mature  Graafian  follicle,  at  its  most  prominent  portion,  there  is  an 
oblong  spot,  free  from  blood  and  lymph  vessels,  called  the  cicatrix — the  stigma 
or  macula  ifolliculi.  At  this  spot  the  wall  of  the  follicle  ruptures  to  give 
exit  to  the  egg.  The  processes  which  cause  this  rupture  are  of  a  twofold 
nature ;  in  the  first  place,  as  Spiegelberg  has  shown,  an  extensive  fatty 
degeneration  takes  place  in  the  cells  of  the  wall  of  the  mature  follicle  ;  and 
then  a  motive  power  is  furnished  in  the  development  of  the  corpora  lutea, 
which  begins  already  some  time  before  the  opening  of  the  follicle.  The  lat- 
ter process  consists  in  an  abundant  growth  of  cells,  both  from  the  follicular 
epithelium  and  from  the  tunica  propria  folliculi ;  from  injections  made  with 
fine  particles  of  coloring  matter  I  am  led  to  believe  that  numerous  wander- 
ing cells  make  their  way  through  the  latter  membrane  into  the  cavity.  In 
addition  to  the  wandering  cells,  vascular  arches  spring  forth  from  the  sides 
into  the  cavity  of  the  follicle ;  in  this  way  the  space  grows  constantly  nar- 
rower and  is  finally  compelled  to  burst  at  the  weakest  spot  in  its  wall,  that 
is,  where  there  are  no  vessels.  Then  the  egg  escapes,  and  with  it,  in  Mam- 
mals, the  liquor  folliculi  and  Discus  proligerus,  which  latter  is  still  attached 
to  the  egg.  Whether  there  is  always  an  escape  of  blood  at  the  same  time 
seems  very  questionable  to  me,  and  Pfliiger  (84)  also  denies  it.  That  the 
menstrual  congestion  must  promote  the  rapid  growth  of  the  corpus  luteum, 
and  therefore  have  a  direct  influence  on  the  escape  of  the  egg,  is  evident 
from  the  above-mentioned  manner  in  which  the  yellow  body  is  foimed. 

The  yellow  body  attains  its  full  development,  however,  only  a  few  weeks 
after  the  follicle  has  burst ;  or,  where  impregnation  has  taken  place,  only 
after  two  or  three  months.  The  mass  of  which  it  is  formed  occupies  the 
former  place  of  the  follicle,  but  surpasses  it  in  size ;  it  consists  of  a  central 
portion,  which  at  first  is  somewhat  red  but  later  has  a  clear  gray  color,  and 
of  a  peripheral  portion,  which  is  thrown  into  folds  and  is  intensely  yellow  ; 
on  the  outside  it  is  invested  by  the  former  tunica  fibrosa  of  the  follicle.  In 
the  fresh  corpus  luteum  the  central  portion  consists  of  a  highly  vascular 
tissue,  resembling  mucous  tissue,  in  which  ai-e  usually  embedded  numerous 
large  cells,  filled  with  granules  of  a  red  coloring  material  and  crystals  of 
Haeraatoidine  (see  Zwicky,  129,  and  Virchow,  120).  The  peripheral  zone 
consists  of  two  kinds  of  cellular  elements  ;  nearest  the  centre  there  are  seen 
large,  pale,  finely  granular  cells,  with  rounded  angles,  which,  as  may  easily 
be  demonstrated  in  the  Babbit,  originate  from  the  epithelium  of  the  folli- 
cles ;  on  all  sides  highly  cellular  processes,  carrying  vessels,  project  both 
from  the  periphery  and  from  the  centre  between  these  large  cells,  giving  rise 
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to  the  folded  appearance  of  the  yellow  zone.  Altlkough  at  first  the  e])ithe- 
lial  portion  of  the  corpus  luteiim  is  so  richly  developed,  still  it  seems  later 
to  disappear  altogether;  then  there  only  remains  of  that  voluminous  body  a 
small  trace,  which  appears  like  a  white  cicatrix — ^the  corpus  albicans.  The 
cause  of  this  retrograde  metamor{)hosis  of  the  yellow  bodies  is  attributed 
by  His  (52)  to  a  wasting  of  the  arteries,  which  here  possess  very  thick  walls. 
It  is  a  remarkable  fact  that,  when  the  uterus  has  become  gravid,  the  yellow 
bodies,  which  are  then  distinguished  as  corpora  lutea  vera,  become  much 
more  fully  developed  and  persist  up  to  the  end  of  gestation,  whereas  the 
corpora  lutea  spuiia  undergo  retrograde  metamor]>ho8is  at  the  end  of  a  few 
weeks.  This  would  favor  the  view  suggested  by  Pti tiger  (84),  that  the  cor- 
pora lut<ea  are  intended  to  serve  the  further  purpose  of  covering  up  the 
losses  of  substance  caused  by  the  emptying  of  the  Graafian  follicles. 

The  credit  of  thorough  investigations  on  the  subject  of  the  corpora  lutea 
is  due  to  His  (52).  Nevertheless  I  cannot  side  with  him  in  hia  belief — which 
is  also  shared  by  KuUiker  and  others — that  the  follicular  epithelium  does 
not  participate  in  the  formation  of  the  yellow  bodies,  but  must  range  my- 
self on  the  side  of  Schron  (102),  Pfliiger  (84),  and  Luschka  (72),  who  hold 
that  both  elements  of  the  follicular  wall  aid  in  its  formation.  Further  his- 
torical data  concerning  the  corpora  lutea  will  be  found  in  the  dissertation 
of  Zwicky  (129). 

Not  all  of  the  Graafian  follicles — ^whose  number  in  a  young  ovary  Henle 
estimates  at  36,000,  while  Sappey  (see  Frey,  40,  \^g.  534)  places  it  at 
400,000 — ^become  fully  developed,  nor  by  any  means  do  all  produce  a  mature 
egg ;  on  the  contrary,  the  majority  of  them  die  at  various  stages  of  their 
development :  even  the  smallest  specimens  of  follicles  are  sometimes  found 
already  in  the  commencement  of  decay,  as  I  can  with  PfiUger  (84)  attest. 
In  the  larger  degenerated  follicles  the  remains  of  the  egg  will  usually  be 
found  in  the  shape  of  a  very  thick,  shining,  compressed  zona  pellucida  with 
scanty  gi-anular  contents ;  the  follicular  wall  undergoes  very  much  the  same 
change  as  in  the  formation  of  the  corpus  luteum,  only  the  new  formation  of 
cells  is  very  much  smaller  in  quantity.  Well -developed  corpoi-a  lutea  are 
only  found  in  Mammals;  although  more  imperfectly  developed  they  are  not 
wanting  in  any  of  the  Vertebrates ;  degenerated  follicles  may  be  found  in 
great  numbers  in  all  the  classes  of  Vertebrates. 

As  I  have  asoertained  by  recent  investigations  In  Dogs,  the  ovarian  epithelium  is 
abflent  from  the  external  surface  of  fresh  corpora  Intea ;  nevertheless,  at  the  spot 
where  the  former  follicle  raptured,  the  epithelium  dips  deep  down  between  the 
ovarian  stroma  and  the  periphery  of  the  yellow  body.  Future  investigations  will 
have  to  determine  whether  a  new  formation  of  follicles  and  eggs  does  not  perhaps 
take  place  from  these  epithelial  depressions. 

Paroarium. — ^The  Wolffian  body  consists — as  J.  Muller  (79)  has  already 
proven,  and  Banks  (7),  and  Dursy  (35),  have  recently  reiterated — of  two 
different  portions ;  the  one  possesses  broad  canals,  with  flat,  graimlar  epithe- 
lium, and  is  connected  with  glomeruli ;  this  is  the  primitive-kidney  portion 
of  the  Wolffian  body.  The  canaliculi  of  the  second  portion,  which  occupy 
in  Man  the  upper  part  of  the  Wolffian  body,  are  narrower  and  carry  a 
deeper  epithelium,  which  later  is  in  part  ciliated  ;  in  the  Male  these  become 
develope<l  into  the  canaliculi  of  the  parepididymis.  In  the  Female  also  they 
penetrate  as  fiar  as  to  the  hilus  of  the  germ-gland,  and,  in  many  species  of 
animals,  deep  into  its  stroma,  as  for  examj)le  in  the  Dog  (see  fig.  213),  the 
Oat  and  the  Cow.  They  terminate  here  on  both  sides  with  blind  extremi- 
ties, and,  after  the  Wolffian  duct,  with  which  they  previously  were  con- 
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nected,  has  become  obliterated — ^which  usually  occurs  in  most  of  the  animals 
in  question — their  lumen  also  undergoes  obliteration.  The  remains  of  these 
canals,  that  is,  the  remains  of  the  sexual  poi-tion  of  the  Wolffian  body,  which 
are  found  at  one  time  outside  of  the  ovary  (the  so-called  Rosenm&Uer^s  , 
organ),  at  another  within  it,  as  jn  the  Dog,  constitute  the  paroariumy  the 
homologon  of  the  epididymis  of  the  Male.  In  the  Human  female  this  con- 
sists later  of  from  12  to  15  tubes  which  are  embedded  in  the  ligament um 
latum,  and  whose  nucleated  connective-tissue  walls  are  lined  with  a  single 
layer  of  ciliated  epithelium.  In  the  Dog,  the  canals  which  lie  deeply  em- 
bedded in  the  body  of  the  ovary  do  not  carry  cilia,  but  are  lined  with  a 
pavement  epithelium ;  they  may  ti-uly  be  looked  upon  as  homologa  of  the 
seminal  canaliculi. 

The  remains  also  of  the  piimitive-kidney  portion  of  the  Wolffian  body 
are  preserved  entire  in  both  sexes.  In  the  Male  it  represents  Girald^'  or- 
gan (Parepididymis,  Henle  (50) ;  Paradidymis,  myself  (123)),  while  in  the 
Female  embryos  it  is  found  in  the  ligamentum  latum,  between  the  ovary  and 
the  tube,  nearer  the  median  line  than  Rosenraiiller's  organ,  and  distinctly 
separate  from  the  latter.  Later  it  becomes  reduced  to  a  mere  insignificant 
trace,  and  is  perhaps  the  source  of  many  of  those  small  cystic  formations  in 
which  the  broad  ligament  of  the  uterus  abounds. 

A  tolerably  complete  statement  of  the  earlier  hiatoiy  and  liteiatare  of  the  ovaiy  and 
ovule  will  be  found  in  A.  von  Haller*8  Elementa  physdologiie,  BemsB,  4,  T.  vii., 
viii..  and  in  Valentines  Handbuch  der  Entwlckelungag^Bchiohte,  Berlin,  1885;  the 
article  of  Farre,  **  Uterus  and  its  appendages/'  Todd's  Cydopfledia,  Vol.  v.,  and  that 
of  Lenckart,  **  Zeugung,"  in  R.  Wagner's  Handworterbach  der  Physiologie,  shoald 
also  be  conRolted.  Among  the  more  reoent  dates  it  should  be  mentioned  that  in  1827 
Von  Baer  (2)  discovered  the  Mammalian  egg.  The  germinal  vesicle  had  been  discov- 
ered already  in  1825,  by  Purkyn6  (88),  in  the  Bird's  egg;  Coste  (81)  discovered  the 
germinal  vesicle  of  the  Mammalian  egg  in  1834,  and  ahnost  at  the  same  time  it  was 
seen  in  Breslan  by  Valentin  and  Bernhardt  (13),  and  in  London  by  Wharton  Jones 
(see  the  communication  of  the  latter  t<»  the  tRoyal  Society  of  London,  June,  1885, 
reported  in  the  London  and  Edinbuigh  Philosophical  Magazine,  IIL  Series,  Vol.  vii.). 
In  1885  R.  Wagner  (121, 122),  having  demonstrated  the  existence  of  the  germinal  spot, 
was  able  to  draw  a  preliminary  conclusion  in  regard  to  the  morphology  of  the  egg 
(see  also  J.  Miiller's  Archiv,  1885,  p.  373,  and  **Denk8chriften  der  Bayrischen  Akade- 
mieder  Wissenschaften  zu  Miinchen,  1837.  II. ,  531).  In  his  Prodromus  (121)  Wagner 
also  attempted  to  make  a  comparative  classiiiGation  of  the  eggs  of  all  the  known 
varieties  of  animals.  A  representation  of  the  micropyle  in  the  egg  of  the  Holothuria 
is  g^ven  already  in  R.  Wagner's  Icones  zootomicae  ;  DoySre  appears  to  have  seen  it 
already  in  1850  in  the  Syngnathidse  (see  Reichert's  Jahresbericht  pro  1854,  and 
Miiller's  Archiv,  1855).  J.  Miiller  (80)  first  described  it  more  accurately  in  the  egg  of 
the  Holothuria,  and  compared  it  to  the  micropyle  of  Plants ;  then  Keber  (55)  expressly 
proposed  the  term  ^^  micropjle  "  for  this  opening.  To  Valentin  (116)  is  due  the  first 
demonstration  of  tubular,  branching,  glandular  structures  in  the  ovary,  a  discovery 
which  was  soon  afterwards  confirmed  by  Billroth  (15) ;  nevertheless,  it  received  but 
little  attention  until  PflQger  (84)  had  again  confirmed  the  fact,  and,  in  an  excellent 
monograph,  had  given  a  new  direction  to  the  views  relative  to  the  structure  of  the 
ovary.  We  have  already,  so  far  as  our  space  would  permit,  communicated  in  the 
text  Pfliiger's  views  in  regard  to  the  origin  of  the  Graafian  follicles  from  tubes,  the 
development  of  the  eggs,  their  structure,  their  constant  new  formation,  even  in  the 
adult,  and  the  peculiarities  of  the  ovarian  epithelium.  Before  then  it  had  always 
been  customary  to  consider  the  follicles  and  the  eggs  as  the  offspring  of  the  ordinary 
stroma-ceUs  of  the  ovary ;  subsequent  to  Ptl  tiger,  however,  histologists  learned  to 
look  upon  both  as  independent  epithelial  formations,  which  were  simply  embedded  in 
the  stroma.  Of  course  the  actiuJ  proof  of  their  first  development  continued  still  to 
remain,  it  is  true,  a  desideratum. 

Pfliiger's  work  called  into  existence  a  large  number  of  essays  on  the  ovary.  The 
tabular  formations  were  also  soon  discovered  in  the  Human  baing,  first  by  Spiegel- 
berg  (107),  then  by  Letzerich  (65),  and  Langhans  (64);  in  the  Chicken  they  were 
found  by  Strieker  (114)  and  many  others,  and  recently  in  Mammals  by  Plihal  (87). 
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DIMENSIONS  OF   VARIOUS   PARTS  OF  OVARY.  *6Z7 

In  opposition  somewhat  to  PflOger,  who  laid  the  entire  stress  on  the  formation  of 
tabnles,  are  the  works  of  Borsenkow  (22),  Bischoff  (19),  Henle  (50),  Grohe  (49),  and 
recently  His  (52),  who  investigated  chiefly  embryonic  oyaries,  and  first  specially 
pointed  out  their  cavemons  structure  and  Uie  rounded  masses  of  epithelial  cells  in 
which  the  eggs  were  embedded  ;  the  same  is  true  of  Kolliker^s  (59)  work.  We  must 
also  mention  here  the  dissertation  of  Bomhaupt  (21),  who  first  described  the  devel- 
opment of  PflQger^s  tubes  in  the  Chicken  from  the  ovarian  epithelium.  Concerning 
the  description,  given  in  the  text,  of  the  ovarian  epithelium,  and  of  the  manner  in 
which  the  follicles  and  eggs  are  developed  from  it.  the  reader  is  referred  to  the  essay 
mentioned  under  No.  123  of  the  accompanying  bibliographical  list :  materially  the 
same  results  were  obtained  by  Koster  (60)  in  the  researches  made  by  him  at  the  same 
time. 

In  order  that  the  dimensions  of  the  most  important  portions  of  the  ovaiy  may  be 
seen  at  a  glance,  I  have  placed  them  together  in  a  small  table ;  they  are  compiled 
from  the  statements  of  Henle,  Kolliker,  ^rey,  Yon  La  Yalette,  and  also  from  my  own 
measurements,  and  have  reference  chiefly  to  the  Human  ovary.  The  numbers  indi- 
cate micromillimetres. 

Epithelium  of  the  surface  of  the  ovary  (newborn  Child). 

(<  ((  li  n 

"  *'  "  (adult  Human). 

»(  i(  It  (( 

"  **  **  (old  Cow). 

"  **  *•  (Calf). 

(Pig). 

Diam.  of  tnuMverM  section. 

Primordial  follicle  (7  months  Human  embryo) 30-100. 

Smallest  follicle  (adult  Human) 30-40. 

Mature  foUicle         **        **  10,000-12,000. 

(10-12  mm.) 

Smallest  f  ollicle  of  the  Hen 24-36. 

Follicular  epithelium  (adult  Human) 15-22. 

"  "  (Hen,  in  foUicles  3-6  mm.  in  diam). .  24-30. 

"  **  (Hen,  in  mature  follicles) 6-8. 

Primordial  egg  (3  months  Human  embryo) 11-14. 

*  *  **  (7  months  Human  embryo) 15-25. 

Smallest  eggs  'adult  Human) 26. 

Mature  egg  (Human) 200. 

**        "  (Dog) 180. 

"        **  (GuineaPig) 120. 

Human  zona  peUncida  (mature  egg) 10. 

Germinal  vesicle  (3  months  Human  embryo) 9-11. 

"  "  (7  months  Human  embryo) 10-14. 

**  **  (mature  Human  egg) 45. 

Germinal  spot  (3  months  Human  embryo) 2. 

*''  **  (mature  Human  egg) 7. 

**  *'  (almost  mature  Sheep's  embryos). . . .  5-8. 

"  *«  (in  Kittens,  17  days  old) 3-5. 
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CHAPTER  XXVI. 

SKIN,  HAIB,  AND  NAILS. 
By  ALFRED  BTESIADECKF, 

FBOFE880B  IN  EBAKAU. 

A.    Skin. 

The  skin,  or  common  integument,  covers  the  exterior  of  the  body,  and, 
while  serving  to  protect  it  from  injuries,  has  other  no  less  important  functions 
to  perform.  To  fulfil  these  it  is  provided  with  various  glandular,  horav  and 
nervous  elements,  which  are  not,  however,  distributed  equally  over  the  en- 
tire surface,  but  are  more  abundant  in  certain  regions ;  we  must,  therefore, 
consider  separately  the  essential  constituents  of  the  whole  skin  and  those 
which  are  peculiar  to  certain  regions. 

To  the  former  belong  the  true  skin,  corium,  cutis  or  derma,  with  its 
epidermal  covering  or  cuticle,  and  the  subcutaneous  cellular  tissue  or  tela 
subcutanea ;  the  latter  elements  are  the  haira  and  nails,  the  glands  and  nerve 
termini,  which  will  each  be  studied  separately. 

The  outer  integument  consists  of  the  cutis,  and  the  subcutaneous  cellular 
tissue ;  the  cutis,  again,  is  divided  into  the  corium  or  derma  and  the  epider- 
mis. The  most  important  part  of  the  skin  is  the  coiium,  a  white,  dense, 
opaque,  slightly  elastic  connective-tissue  membrane.  At  its  under  surface  it 
merges,  without  any  very  sharply  defined  boundary-line,  into  the  tela  subcu- 
tanea, which  is  likewise  composed  of  connective  tissue,  but  differs  from  the 
corium  in  its  loose,  succulent  texture,  whose  interstices  are,  in  most  places, 
filled  with  fat. 

Over  the  corium  is  spread  the  epidermis,  which  is  soft  and  of  a  transpa- 
rent gray  color  in  its  deeper  strata,  and  whitish,  hai'd  and  horny  externally. 
It  may  be  separated  from  the  corium  by  maceration,  and  is  found  detached 
in  ceiiiain  morbid  processes,  also  in  putrefaction. 

The  corium  is  united  to  the  deeper  structures,  as  the  fascise  and  bones,  by 
means  of  the  subcutaneous  tissue.  This  connection  is  more  or  less  loose, 
according  to  the  tensity  of  the  tela  subcutanea  and  the  quantity  of  its  fat. 
In  those  portions  of  the  body  where  great  mobility  is  desired,  the  skin  is 
loosely  attached,  and  in  these  places  the  subcutaneous  tissue  is  deficient 
in  fat,  as  on  the  eyelids  and  penis,  or  where  it  lies  in  folds,  as  on  the  exten- 
sor surfaces  of  the  joints. 

The  surface  of  the  corium,  in  its  normal  state,  is  not  even,  but  presents 
prominences  of  greater  or  less  height  with  corresponding  depressions ;  there 
are,  fui-thermore,  tnie  folds  or  duplicatures,  which  may,  however,  be  oblit- 
erated by  ti-action  as  well  as  by  distention  from  below  in  the  way  of  subcu- 
taneous exudation,  or  from  superabundance  of  adipose  matter.  The  slighter 
eminences  on  the  skin  take  the  form  of  ridges  and  papillaB.  The  former  are 
especially  marked  on  the  palm  of  the  hand  and  sole  of  the  foot,  likewise  on 
the  flexures  of  the  fingers  and  toes,  where  they  are  curvilineai*. 
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The  Hmaller  projections  are  called  y)apill8B,  and  give  a  reticulated  appear- 
ance to  the  surface  of  the  coiium,  which,  moreover,  presents  numerouK  furrows 
and  excavations  either  between  the  folds  and  lidges,  or  existing  independ- 
ently, as  on  the  flexui-es  of  the  extremities ;  these  are  most  expressed  in  the 
palms  and  soles.  We  find  further  certain  funnel-shaped  openings,  the  pores 
of  the  skin,  which  are  the  orifices  of  the  sweat  and  sebaceous  glands  and 
the  hair  follicles. 

Subcutaneous  Celluijui  Tissue. — The  subcutaneous  cellular  tissue,  tela 
S9ibcutaneay  consists  of  bundles  of  connective  tissue  from  the  superficial  fas- 
ciae, which  advance  obliquely  to  the  under  surface  of  the  derma.  These  bands 
interweave  with  each  other,  leaving  large  interstices  which  are  in  turn  trav- 
ersed by  more  delicate  fibres,  producing  still  smaller  spaces.  The  filaments 
themselves  are  for  the  greater  part  cylindrical,  and  in  most  places,  pres- 
ent irregularities  similar  to  those  in  the  arachnoid,  and  consist  of  a  mass  of 
wavy  connective-tissue  elements  witli  numerous  spindle-shaped  cells  between 
them,  llie  tela  subcutanea  in  some  situations,  as  the  eyelids,  penis,  ears, 
and  scrotum,  is  devoid  of  fat,  and  in  other  locations  encloses  globules  of  adi- 
pose matter  in  its  meshes  in  varying  quantity.  Thus  provided  with  fat,  it 
constitutes  the  so-called  panniculus  adiposus.  The  fatty  particles  are  some- 
times oval,  more  often  polyhedral,  from  pressure,  with  a  fine  capillary  net- 
work running  between  them.  The  adipose  cells  have  delicate  walls,  and  each 
contains  a  drop  of  oil,  which  is  fiuid  during  life  but  stifiens  after  death ;  the 
membrane  is  so  distended  by  its  contents  that  it  is  hardly  ever  seen  in  a 
fresh  condition,  but  may  be  rendered  visible  after  extracting  the  fat  by 
means  of  absolute  alcohol  and  turpentine.  It  is  then  seen  collapsed,  fine, 
and  transparent,  in  most  cases  enclosing  a  round  nucleus ;  sometimes  we  find 
remnants  of  a  granular  substance  (protoplasm),  which  is  most  abundant 
around  the  nucleus.  In  some  cases  the  fat  takes  the  form  of  clustered  crys- 
tals ;  this  occurs  especially  in  spirituous  preparations. 

Where  there  is  no  fat,  the  secondary  spaces  before  described  are  traversed 
by  bundles  of  connective  tissue,  and  often  by  single  fibrilla?,  embracing 
between  them  interstices,  generally  triangular,  filled  with  a  serous  liquid ; 
as  may  be  seen  in  preparations  hardened  in  chromic  acid. 

The  spaces  between  the  single  bands  and  fibrillaB  vary  in  dififerent  persons 
and  under  different  circumstances,  depending  on  the  amount  of  fluid  in  the 
individual ;  in  pathological  conditions,  as  oedema  of  the  skin,  they  may 
become  veiy  great.  Between  the  connective-tissue  bundles  there  are  often 
spindle-shaped  cells,  as  is  shown  excellently  in  cutaneous  oedema,  where  we 
find  cells  and  fibi*es  running  isolated  for  a  distance  through  the  serous  fiuid 
which  are  seen  to  consist  of  granular  protoplasmic  masses  and  to  have  very 
long  filiform  processes,  generally  two,  at  opposite  ends,  but  occasionally  sev- 
eral, which  for  a  distance  appear  to  consist  of  the  same  granular  substance, 
but  at  a  greater  remove  from  the  cell  have  the  smooth,  homogeneous 
appearance  of  connective-tissue  fibrillse  ;  these  prolongations  may  be  further 
traced  into  connective-tissue  bundles.  We  may  therefore  conclude  that  the 
connective-tissue  cells  pass  over  into  fibrillsB,  as  Kusnetzoff  found  them 
to  do  in  the  embryo. 

Besides  these  lengthened  connective-tissue  cells  there  are  other  fusiform 
and  round  cells,  resembling  the  white  corpuscles  of  the  blood  in  size  and 
appearance,  only  lai*ger,  with  a  very  granular  protoplasm  in  which  a  round 
or  elliptical  nucleus  may  be  recognized,  although  with  difficulty.  The  small 
round  cells  are  most  abundant  in  the  vicinity  of  the  blood-vessels.  But  we 
see  namerous  transition  forms  between  the  small  round  cells,  and  the  larger 
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ones  with  prolongations,  and  that  both  in  regard  to  the  size  of  the  cella 
themselves  and  the  lengths  of  their  offshoots. 

Little  is  yet  known  as  to  the  development  of  the  adipose  cells ;  their 
relation  to  the  capillaries  is,  however,  worthy  of  consideration.  Nearly 
every  fat-cell  is  surrounded  by  a  vascular  network ;  an  arterial  and  venous 
twig  coming  to  the  portion  of  the  cellular  tissue  corresponding  to  each  fat 
globule,  forming  a  minute  capillary  inosculation. 

Larger  blood-vessels  reach  the  corium  from  the  subcutaneous  cellular 
tissue,  and  branches  are  given  off  from  them  to  the  adipose  cells,  hair- 
follicles,  and  sweat-glands ;  there  are  also  nervous  trunks  with  Pacinian 
corpuscles  in  places,  and  finally  lymphatics,  which  are  entirely  indepen- 
dent of  the  blood-vessels.  The  larger  lymph  vessels,  which  show  a  markedly 
transverse  muscular  structure,  have  their  own  blood-vessels,  the  vasa  va- 
aorum  Ij/mphcUicorum,  two  minute  trunks  accompanying  each  lymphatic 
and  forming  a  dense  network  around  it  by  their  frequent  anastomoses. 
This  explains  the  appearance  of  the  sharply-defined  red  cords  in  the  skin  in 
lymphangoUis  subcutanea,  they  being  the  lympluitic  ducts  whose  course  is 
thus  plainly  recognizable. 

CoBiuM. — ^The  corium  likewise  is  composed  of  connective-tissue  elements 
with  an  elastic  meshwork,  also  of  anastomosing  connective-tissue  cells, 
interwoven  between  its  fibres.  The  fibrous  bands  of  the  subcutaneous 
cellular  tissue  are  composed  of  fibrillse,  and  at  the  under  margin  of  the 
corium  they  separate  into  smaller  bundles  which  run  obliquely  to  its  surface, 
continually  subdividing  into  smaller  fasciculi.  Within  the  corium  these 
fibres  are  interwoven  with  others  which  meet  them  at  right  angles,  and  a 
thick  fibrous  network  is  thus  formed  with  very  small  interstices,  which  are 
not  visible  in  that  which  has  bsen  tanned  or  hardened  in  alcohol,  but  are 
large  in  the  succulent  skin  of  young  persons,  and  of  greatest  size  in  those 
pathological  conditions  which  are  attended  with  exudation  into  the  corium ; 
in  these  states,  especially,  it  is  evident  that  the  fibrillsd  include  rhomboidal 
spaces. 

This  syuimetric  texture  of  the  corium  is  disturbed  in  those  places  where 
various  structures  penetrate  the  skin  in  a  perpendicular  or  oblique  direction, 
as  the  hairs,  sweat-glands,  and  their  ducts,  blood-vessels  and  nerves,  inas- 
much as  these  are  accompanied  by  their  own  proper  connective-tissue  sheaths 
of  variable  thickness. 

As  before  stated,  the  coarse  connective-tissue  bands  which  enter  the 
corium  break  up  into  smaller  fibres  and  finally  into  separate  fibrill».  In 
the  deeper  portion  of  the  corium  the  distinct  bands  interlace,  giving  this 
part  a  reticulated  appearance,  whence  the  term  pars  reticularis  carii  in  con- 
tradistinction from  the  upper  portion,  the  pars  papillaris j  in  which  the 
single  fibril Iffi  alone  decussate.  There  is,  however,  no  sharply  defined 
boundary-line  between  these  two,  nor  between  the  corium  and  the  subcu- 
taneous tissue,  where  the  latter  is  wanting  in  fat. 

The  outer  surface  of  the  corium  pi*esents  numerous  wart-like  prominences, 
the  papillcB,  which  vary  in  height  and  breadth  in  different  places,  sometimes 
being  shaggy  or  filiform,  as  on  the  fingers,  sometimes  forming  little  tuber- 
osities, as  on  the  larger  part  of  the  body.  The  regular  arrangement  of  the 
fibrillffi  is  disturbed  by  these  elevations,  the  fibres  which  run  parallel  to  the 
surface  being  bent  into  loops  within  the  papillffi.  The  natural  course,  how- 
ever, of  these  most  superficial  fibres  is  not  entirely  straight,  but  somewhat 
wavy,  so  that  the  whole  surface  of  the  corium  as  well  as  the  papillae  is  not . 
quite  even.     The  perpendicular  fibres  of  the  corium  also  pass  into  the  pa* 
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pillse,  for  the  moat  part  accompanying  the  capillaries,  and  probably  terminate 
within  the  papillae  in  free  extremities. 

The  surface  of  the  corium  is  everywhere  covered  by  a  delicate  cuticula, 
which  is  most  clearly  visible  in  chloride  of  gold  preparations.  Between  the 
rete  Malpighii,  w^hich  is  stained  red  or  blue  in  these  specimens  and  the 

Fig.  221. 


¥ig.  221.  Preparation  in  chromic  acid,  a^  vaacnlar  papilla;  b,  nerve  papilla;  c, 
blood-vessel ;  d^  medollated  nerve  fibre  with  a  thick  nncleated  sheath  ;  e^  Hensation 
corpuscle  ;  /,  transverse  section  of  medullated  nerve  fibres. 

similarly  colored  corium,  a  thin,  crystalline  membrane  is  seen  uncolored,  in 
which  oval  cells  are  imbedded  here  and  there,  parallel  to  tlie  surface  of  the 
derma.  This  membrane  is  not  sharply  defined  toward  the  corium,  but  more 
so  on  the  side  of  the  mucous  layer,  which,  besides  showing  slight  depres- 
sions, is  finely  dentate  in  many  cases.  Exteriorly  it  presents  delicate  ribs 
or  even  filiform  projections  which  interlace  with  similar  ones  of  the  mucous 
cells.  According  to  Czerny,  it  presents  tracings  after  treatment  with 
nitrate  of  silver  similar  to  those  on  the  lymphatic  walls. 

The  elastic  fibres  are  an  important  constituent  of  the  corium,  and  in  its 
deeper  portions  form  a  coarse  network,  which  becomes  more  dense  ss  it 
approaches  the  surface ;  they  are  recognized  by  their  sharp  contour  and 
undulatory  course,  after  saturating  the  connective  tissue  with  acetic  acid. 

Besides  the  elastic  and  connective-tLssue  fibres  there  are  also  cells  in  the 
corimn,  which  are  either  spindle-sha|>ed  and  lie  within  the  connective-tissue 
bands  or  which  anastomose  freely  between  them  in  the  deeper  poilions  and 
between  the  fibres  above.  There  are  also  fusiform  cells  between  the  con- 
nective-tissue fibres  which  envelope  the  blood-vessels  and  capillaries; 
likewise  round  or  oval  cells,  resembling  the  white  blood  corpuscles  in  size 
and  form,  mostly  in  the  neighboihood  of  the  blood-vessels,  or  sometimes 
even  fe,r  removed  from  them.  Their  number  and  size  vary  in  different  per- 
sons and  appear  to  depend  on  the  succulence  of  the  skin.     In  the  young 
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their  quantity  and  size  is  not  less  than  in  the  cornea  itself,  whose  cells  thej 
much  resemble  after  being  treated  with  chloride  of  gold. 

The  cutaneous  papiUoi  are  divided  into  vascular  and  nervous.  Medullated 
nerve  fibres  constantly  enter  the  latter,  bearing  the  bodies  called  by  Meisaner 
tactile  corpuscles ;  the  former  contain  capillary  loops.  The  dimensions  and 
number  of  the  cutaneous  papillas  vary  in  different  portions  of  the  skin. 
They  are  most  developed  on  the  ioside  of  the  hand  and  fingers,  where  they 
form  rounded  cones  with  circular  bases  and  are  arranged  in  double  rows 
upon  the  ridges  before  alluded  to.  In  these  places  they  attain  a  length  of 
0.1  to  0.2  millim.  and  almost  touch  each  other  at  their  bases,  or  stand 
slightly  separated,  while  on  other  portions  of  the  skin  they  are  hardly  half 
this  height  and  represent  only  hilly  elevations  of  the  dermal  surface.  Often 
their  bases  unite,  forming  the  compound  papillse. 

Kot  less  variable  i&  the  whole  thickness  of  the  corium,  not  only  on  differ- 
ent parts  of  the  body,  but  also  on  different  persons  of  the  same  race. 
According  to  Krause,  the  thickness  of  the  corium,  which,  on  account  of  its 
gradual  transition  into  the  subcutaneous  tissue,  can  only  be  approximated, 
amounts  on  the  eyelids  and  prepuce  te  0.56  millim.,  on  the  glans  te  0.27 
mm.,  on  the  lace,  penis,  and  areola  of  the  breasts  from  0.76  to  1.12  mm., 
on  the  forehead  1.52  mm.,  on.  most  other  parts  1.69  to  2.25  mm.,  on  the 
back,  sole  of  the  foot,  and  palm  of  the  hand  from  2.25  to  28  millim. 

Blood-Vessels  op  the  Corium. — The  vascular  trunks  which  ascend 
obliquely  through  the  subcutaneous  tissue  and  give  off  branches  there  to  the 
fatty  tissue,  sweat-glands,  etc.,  anastomose  freely  in  the  deeper  parts  of  the 
corium,  forming  a  network  from  which  twigs  run  in  a  slanting  direction  to 
the  outer  portion.  In  the  external  strata  of  the  corium,  at  the  boundary 
between  the  pars  reticularis  and  papillaris,  we  find  a  second  vascular  plexus 
with  finer  meshes  which  correspond  more  or  less  to  the  bases  of  the  papillse. 
From  this  vascular  loops  enter  the  papillae  and  for  the  larger  part  occupy 
their  centre  as  far  as  theii*  summit.  But  every  papilla  does  not  possess  a 
capillary ;  those  genei-ally  remain  unvascular  in  which  the  medullated  nerve 
fibres  enter,  although  there  are  many  exceptions  to  this  rule. 

Lymphatics  of  the  Skin. — The  lymph-vessels  proper  must  be  distin- 
guished from  the  lymph  spaces  of  the  skin.  The  former  are  definite  canals 
bounded  by  their  own  proper  walls ;  the  latter,  on  the  other  hand,  are  in- 
terstices in  the  tissue  of  the  skin  between  the  blood  and  lymphatic  vesseLs, 
which  are  filled  with  a  serous  fluid.  The  lymphatic  trunkH  of  the  subcuta* 
neous  cellular  tissue  have  muscular  coats ;  they  anastomose  abundantly  and 
run  obliquely  to  the  under  surface  of  the  corium,  where  they  form  a  double 
network,  one  over  the  other,  in  a  manner  similar  to  that  of  the  blood-vessels 
(Teichmann,  Young). 

In  the  outer  portion  of  the  corium  this  lymphatic  reticulation  lies  beneath 
the  already  described  vascular  plexus  and  encloses  polygonal  spaces  by  its 
minute  inosculations  (0.018  to  0.054  millim.,  according  to  Teichmann). 
The  deeper  network  lies  under  the  lower  capillary  plexus,  and  consists  of 
greater  tubes  with  meshes  larger  than  the  preceding.  These  two  lymphatic 
webs  are  connected  by  a  few  quite  sizable  vessels  running  obliquely  from 
one  to  the  other.  In  a  normal  condition  the  papillse  contain  no  lymphat- 
ics, but  on  the  sole  of  the  foot,  where  they  are  hypertrophied,  branches 
with  blind  exti'emities  penetrate  the  papillae  to  one-half  their  length 
(Teichmann). 

The  walls  of  the  lymphatics  of  the  outer  portions  of  the  corium  present  a 
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tessellated  appearance  rendered  visible  by  a  silver  discoloration,  while  in 
those  of  the  deeper  portions  a  delicate  network  of  elastic  fibres  is  super- 
added. 

When  describing  the  coriuni  we  mentioned  the  existence  of  interstices 
between  its  fibres  which  ai-e  filled  with  a  serous  fluid  varying  in  quantity 
with  the  condition  of  the  individual.  In  pathological  states,  as  in  acute  aud 
chronic  exudations,  for  example  oedema,  these  spaces  are  for  the  most  part 
the  seat  of  the  effusion.  They  have  no  definite  walls  of  their  own,  and  the 
(edematous  fluid  \s  emptied  from  a  comparatively  large  space  by  a  superficial 
incision.  These  interstices  are  designated  Ij^mph  spaces,  although  no  direct 
connection  can  be  demonstrated  between  them  and  the  lymphatics  proper. 

The  relation  between  the  lymph  and  blood  vessels  is  worthy  of  note. 
Although  both  the  course  and  arrangement  of  the  large  lymphatic  trunks  are 
independent  of  those  of  the  blood-vessels,  still  we  frequently  find  a  state  of 
things,  especially  in  oedomatous  skin,  which  bespeaks  a  oei-tain  relation  be- 
tween these  two  varieties  of  vessels.  Thus,  the  lymphatics  for  a  long 
distance  are  accompanied  by  a  capillary,  sometimes  by  two,  and  these  touch 
their  walls  and  often  encroach  upon  the  cavity  to  the  extent  of  half  its 
diameter.  According  to  Langer  the  larger  cutaneous  blood-vessels  of  the 
Frog  are  attended  with  two  lymphatics,  while  in  the  subcutaneous  cellular 
tissue  of  Man  the  relation  is  so  far  reversed  in  many  places,  as  the  penis 
and  exti-emities,  that  the  larger  lymph  ducts  have  two  accompanying  blood- 
vessels which  anastomose  freely  around  them  by  means  of  capillaries. 
Many,  including  Strieker,  have  described  perivasculcur  lymphatics  which 
othei-s,  with  Langer,  have  denied. 

The  lymphatics  of  the  Human  skin  have  special  epithelial  walls,  the  blood- 
vessels not.  We  have  already  mentioned  that  the  blood-vessels,  even  the 
capillaries,  arc  surrounded  by  parallel  connective-tissue  fibres,  with  fusiform 
connective  cells ;  between  these  and  the  wall  of  the  vessel,  as  in  other 
tissues,  we  find  the  interstices  alluded  to  containing  serum,  whose  size 
varies,  and  which  may  be  rightly  called  lymphatic  spaces. 

Epidermis. — In  perpendicular  section  the  corium  is  seen  to  be  covered 
externally  with  a  membrane  which  is  designated  epidermis  in  the  broadest 
sense  of  the  word,  and  which  Malpighi  divided  into  two  layers,  an  outer, 
the  true  epidermis,  and  an  inner,  the  mucous  layer,  stratum  mucosum,  rete 
or  mucus  Malpighii.  The  latter  consists  of  epithelial  cells  filling  nearly  all 
the  depressions  in  the  surface  of  the  corium,  and  therefore  presenting 
elevations  and  depressions  on  its  under  surface  corresponding  to  those  of  the 
surface  of  the  cutis ;  the  former,  however,  is  composed  of  epidermal  scales 
arranged  in  lamelleo  with  a  stratified  or  fibrillated  appearance  on  cross 
section. 

Mucous  Layer. — The  cells  of  the  first  row  adjoining  the  corium  are  small, 
0.006  millim.  in  diameter,  with  oval  nuclei;  they  are  for  the  most  part 
cylindrical,  with  their  axes  perpendicular  to  the  surface  of  the  derma. 
They  consist  of  a  slightly  granular  lustrous  protoplasm  surrounding  the 
compact  nucleus  and  having  no  cell  wall.  Sometimes,  as,  for  instance,  in 
new-bom  Children,  the  outlines  of  the  individual  cells  of  this  layer  are  ob- 
literated so  that  the  surface  of  the  corium  is  covered  with  a  protoplasmic 
mass  having  nuclei  scattered  regularly  through  it  (Henle). 

The  cells  of  the  next  row  are  cubiform,  and  are  larger  than  those  in  the 
first  layer ;  they  have  a  sharper  outline  and  an  oval  nucleus  slightly  gran- 
ular, within  which  two  nucleoli  are  frequently  found ;  the  surface  of  this 
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stratum  in  most  cases  presents  slight  dentations.  The  cells  of  the  next 
three  sti*ata  are  larger,  they  assume  a  polygonal  shape  and  enclose  a  round 
nucleus,  or  occasionally  several.  Their  cell  body  is  homogeneous,  and  a  sur- 
rounding membrane  is  clearly  visible  which  in  most  places  sends  out  pro- 
longations or  serrations  which  are  attached  to  the  neighboring  cells  (libbed 
or  stellate  cells,  Max  Schultze).  The  nearer  the  external  surface  of  the 
mucous  layer  we  approach  the  more  the  cells  flatten,  so  that  their  long  axes 
are  finally  parallel  to  the  surface  of  the  skin ;  the  body  of  the  cell  becomes 
more  hard  and  symmetrical,  the  nucleus  smaller  and  often  surrounded  by  a 
slight  areola.  This  is  readily  seen  on  sectioii  in  a  preparation  hardened  in 
chromic  acid,  where  a  round  empty  space  appears  within  the  cell ;  but  more 
frequently  in  the  cells  of  this  row  we  find  the  vacant  spaces  circular,  and  re- 
sembling cell  nuclei  in  size,  on  one  side  of  which  lies  a  semi-lunar  shrunken 
flat  nucleus.  There  are  small  vacuoles  within  the  cells,  especially  in  the 
more  superficial  ones  of  the  mucous  layer,  which  in  a  fresh  condition  are 
probably  filled  with  a  clear  fluid. 

But  besides  these  cells  which  have  an  epithelial  character  we  find  others 
of  a  different  kind  scattered  here  and  there  in  the  rete  Malpighii,  exsected 
from  living  subjects.  These  are  most  readily  recognized  in  the  outer  and 
middle  strata  of  the  rete,  mostly  by  the  lustre  of  their  protoplasm  and  by 
their  small  size.  They  are  genei-ally  extended  in  length,  being  compressed 
between  epithelial  cells,  or  they  send  delicate  prolongations  between  the  celLs 
of  the  epithelium.  Their  protaplasm  is  very  clear) and  is  brilliantly  stained 
by  carmine ;  the  small  nucleus,  which  is  with  difficulty  recognized,  may  as  a 
rule  be  discovered  after  the  imbibition  of  carmine.  These  cells  are  still 
more  difficult  to  recognize  in  the  deeper  layers  of  the  rete  Malpighii,  for  they 
closely  resemble  the  cells  of  the  latter,  whose  protoplasm  is  likewise  shiny 
and  becomes  deeply  dyed  in  carmine,  so  that  they  are  distinguished  from 
those  in  question  only  by  their  well-marked  nucleus.  They  are  most  readily 
recognized  when  they  lie  one-half  between  the  cells  of  the  rete  Malpighii  and 
the  other  half  still  in  the  corinm  (Biesiadecki).  These  cells  remind  one 
strongly  of  the  so-called  migrating  or  wandering  cells  which  are  found  in 
the  subcutaneous  connective  tissue,  especially  in  the  neighborhood  of  blood- 
vessels, and  also  between  the  fibrillie  of  tLe  corium,  and  further,  in  the 
mucous  layer ;  they  occur  in  small  quantity  in  the  healthy  skin,  but  in 
larger  numbers  in  pathological  states  (Condylomata  acuminata,  and  Ec- 
zema.     Biesiadecki). 

The  rete  Malpighii  is  best  studied  on  skin  which  has  been  hardened  in 
chromic  acid  or  MUller^s  fluid ;  spirituous  prepai*ations  are  of  little  value. 
The  migrating  cells  above  described  are  found  only  in  very  rare  cases  in  sec- 
tions from  the  cadaver.  They  are  more  apt  to  be  seen  in  young  persons,  in 
parts  with  a  thick  mucous  layer ;  and  are  most  readily  traced  on  skin  which 
has  been  irritated  by  blisters,  or  over  inflamed  papules,  also  in  oedematous 
skin.  The  facts  that  we  find  these  cells  half  in  the  corium  and  afterwards  in 
the  various  strata  of  the  rete  Malpighii  in  all  possible  foiins,  that  their 
number  is  augmented  in  irritated  skin,  and  that  they  are  but  sparingly 
present  in  the  normal  condition,  all  speak  in  favor  of  their  individual 
locomotion,  just  as  cells  have  been  obsei'ved  to  change  their  place  in  other 
structures  with  like  peculiarities. 

Tlie  cells  of  the  mucous  layer  are  with  difficulty  separated  from  each  other 
either  by  mechanical  means  or  by  chemical  agencies.  This  intimate  union 
between  the  different  cells  is  due  perhaps  not  so  much  to  any  connective 
material  as  to  the  interlacing  of  their  prolongations  and  ribs.  They  are 
most  readily  isolated  from  each  other  by  boiling  portions  of  skin  which  have 
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been  hardened  in  chromic  acid  in  a  tolerably  concentrated  potash  solution 
for  a  long  time ;  the  mucous  layer  thus  sepai'ates  in  a  mass  from  the  coiium, 
and  the  epidermal  cells  after  a  little  while  fall  apart  on  slight  agitation  with 
a  glass  rod. 

Horny  Thayer,  Sthatum  Corneum. — The  cuticle  or  epidermal  layer  ap- 
pears on  cross  section  to  be  tibrillated,  with  its  fibres  running  a  somewhat 
undulatory  course  parallel  to  the  surface  of  the  skin.  Even  higher  magni- 
fying powers  give  no  nearer  insight  into  its  structure,  which  is  only  learned 
after  separation  of  the  apparent  fibres.  We  then  find  that  they  consist 
of  a  mass  of  flat  polygonal  scales,  the  so-called  epidermal  or  horn  cells. 

In  the  deeper  strata  adjoining  the  mucous  layer  these  cells  are  somewhat 
larger  and  resemble  those  of  the  latter,  only  they  are  somewhat  flatter,  less 
granular,  and  are  not  stained  by  carmine,  while  in  most  of  them  the  nucleus 
has  entirely  disappeared ;  a  few  have  a  slightly  oval  nucleus,  likewise  flat, 
having,  on  the  average,  a  diameter  of  0.005  to  0.008  millim.  The  scales  of 
the  outer  layer  are  flat,  polymorphous  and  curved ;  they  have  a  sharply  de- 
fined and  simple  outline,  are  without  nuclei,  and  of  a  transparent  lustre. 
They  swell  in  water  to  some  extent,  become  opaque,  dark  and  granular,  and 
in  acetic  acid  or  caustic  potash  they  expand  to  vesicles,  within  which  there 
are  delicate  filaments  or  nuclei,  or  a  wrinkled  structure  resembling  a 
nucleus  may  be  visible  in  the  centre,  llie  division  of  the  homy  layer  into 
lamellte  results  from  the  firm  adherence  of  its  cells,  and  this  gives  it  the 
fibrous  structure  on  cross  section.  Inasmuch  as  the  rete  Malpighii  does 
not  completely  fill  all  the  depressions  in  the  surface  of  the  corium,  small 
eminences  are  formed  over  the  projections  of  the  corium,  or  papillae,  with 
corresponding  depressions  in  the  surface  of  the  rete  mucosum.  The  lami- 
nated homy  layer  follows  these  inequalities,  giving  the  wavy  direction  to  the 
single  scales.  But  the  epidermis  follows  in  like  manner  the  deeper  irregu- 
larities of  the  corium,  as  for  example  the  ridges  and  furrows  on  the  palm  of 
the  hand,  giving  to  it  it«  well-known  appearance. 

The  thickness  of  the  epidermis  varies  considerably  in  dififerent  persons 
and  different  parts  of  the  body.  Often  the  homy  layer  forms  a  thin  cover- 
ing over  a  greatly  developed  rete  Malpighii,  while  in  many  places  the  former 
is  twice  or  three  times  the  thickness  of  the  mucous  layer.  But  in  both  in 
stances  the  latter  presences  in  general  a  uniform  thickness,  with  the  exception 
of  those  places  where  the  papillae  are  long,  between  which  the  mucous  layer 
has  considerable  thickness,  while  over  the  papillfe  it  is  proportionately 
thin. 

According  to  Krause  the  rete  Malpighii  varies  from  ^j^'"  to  Jq/"'  while 
the  homy  layer  on  the  other  hand  ranges  between  ^j"'  and  1"  .  Both  to- 
gether often  measure  3.7  millim.,  but  in  most  places  not  more  than  0.05  to 
0.25  millim. 

The  dark  hue  which  in  some  persons  is  found  over  the  whole  skin  and  in 
othera  only  iu  certain  places,  as  on  the  areolae  of  the  breast,  scrotum,  etc., 
depends  upon  the  presence  of  coloring  matter  in  the  cells  of  the  rete  Malpig- 
hii. In  these  places  there  is  a  fine,  granular,  brownish  yellow  pigment  in  the 
deepest  cells  of  the  rete  mucosum,  which  is  in  small  quantity  in  the  lighter 
complexioned  and  more  abundant  in  those  of  darker  tint.  In  the  next  lay- 
er externally  we  find  fewer  pigmentary  granules  and  a  more  uniform  light 
yellow  staining  of  the  protojilasma,  which  diminishes  as  we  near  the  surface, 
so  that,  in  the  scales  of  the  epidermis,  the  color  can  be  determined  only  by 
comparison  with  those  which  are  colorless.  The  dark  hue  of  the  negro  de- 
pends likewise  on  the  pigmentary  contents  of  the  mucous  layer.     In  patho- 
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logical   states   the   itbove-described  migrating  cells  also   contain   pigment 
(Biesiadecki  in  Condylomata  acuminata). 

Nerves  of  the  Skin. — Until  quite  recently  we  were  acquainted  only 
with  the  mednllated  nerves  of  the  skin  and  their  terminations,  the  Pacinian 
corpuscles  and  those  of  MeissTier.  Later  investigations  have  fui-ther  revealed 
an  abundant  plexus  of  nerves  wanting  a  medulla,  and  terminating  in  free 
extremities  between  the  cells  of  the  rete  mucosum. 

The  subcutaneous  nerve  trunks  divide  at  the  under  surface  of  the  coriuoi 
into  several  branches  which  accompany  the  blood-vessels,  and  consist  both 
of  medullated  fibres,  and  those  without  a  medulla.  The  nerves  of  those  por- 
tions of  the  skin  which  have  a  larger  number  of  palpation  and  Pacinian  cor- 
puscles kre  richer  in  medullated  fibres  (Langerhans  *). 

In  the  subcutaneous  tissue  or  in  the  deeper  portion  of  the  corium  the  in- 
dividual medullated  nerve  fibres  are  given  off  from  the  nerve  branches  and 
terminate  within  the  corium  in  the  so-called  Pacinian  corpuscles.  The  rest 
of  the  nerves  ascend,  mostly  in  an  oblique  direction,  to  the  surface  of  the 
corium,  and  form  a  nerve  plexus  in  the  stratum  papillare  corii  corresponding 
to  the  vascular  network. 

Single  nerve  fibres  often  lose  their  medullary  portion  in  the  upper  part 
of  the  corium,  or  they  enter  the  nerve  papillae  and  end  in  tlie  palpation 
corpuscles.  The  non-medullated  accompany  the  capillaries  into  the  vascular 
papillea  (Langerhans). 

Pacinian  Corpuscles. — These  were  discovered  by  A.  Vater,  as  Langer 
has  shown,  and  were  called  from  him  Yater's  corpuscles.  Besides  being 
found  in  Man,  they  are  frequent  in  many  Mammalia  amd  Birds,  mostly  in  the 
subcutaneous  tissue,  but  also  in  other  places,  as  in  the  mesentery  of  the  Cat. 
They  are  nothing  more  than  the  considerably  thickened  ends  of  medullated 
nerve  fibres. 

Their  immediate  sheath  consists  of  a  homogeneous  nucleated  membrane 
on  which  an  epithelioid  tracing  can  be  produced  by  niti'ate  of  silver.  In  a 
certain  circumscribed  poiiion  it  subdivides  into  a  laminated  arrangement  of 
enveloping  capsules,  from  twenty  to  sixty  of  which  make  the  mass  of  the 
corpuscle.  These  are  transparent,  apparently  structureless  membranes,  the 
outer  of  which  are  thicker  and  more  separated  from  each  other  than  the  in- 
ner, which  lie  very  close  together.  On  cross  section  we  find  numerous  ob- 
long nuclei  in  them  which  are  rendered  more  distinct  by  the  action  of 
acetic  acid,  and  are  stained  red  in  chloride  of  gold.  Seen  from  the  surface 
these  membranes,  both  in  their  fresh  condition  and  after  being  treated  with 
various  reagents,  form  a  somewhat  punctate,  uniform  mass  with  an  indis- 
tinct striation ;  a  silver  solution  develops  a  reticulated  appeaiunce  in  them 
resembling  the  lymphatics  ( Hoyer  f ).  The  tracings  are  commonly  irregularly 
pentagonal,  surrounded  by  wavy  dark-brown  outlines  within  which  lie  the 
above-mentioned  nuclei. 

The  medullated  nerve  fibres  enter  these  independent  laminated  structures 
with  spiral  twistings  and  occupy  the  cavity  of  the  innermost  capsule.  The 
axis  cylinder  now  runs  in  the  interior  to  the  blind  extremity  and  terminates 
there  in  one  or  sevei-al  small  tuberosities.  The  nerve  medulla  on  the  other 
hand  fills  the  cavity  of  the  inmost  capsule  (Innenkolben,  Kolliker)  and  forms 
a  finely  granular  or  coarser  mass  which  is  but  little  lustrous  compared  to  the 


*  Virch.  Arch.,  Bd.  44,  3d  and  3d  Heft. 

f  Archiv.von  Beichert  und  Du  Bois,  1864,  1865. 
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ivhite  substance,  but  which  like  it  becomes  of  an  intense  violet  hue  by  means 
of  chloride  of  gold. 

A  large  blood-vessel  enters  near  the  nerve  fibre  and  forms  an  abundant 
capillary  network  between  the  outer  capsules. 

The  Pacinian  or  Vater's  corpuscles  in  Man  measure  from  1.1  to  4.5  millim. 
and  are  uniformly  found  on  the  cutaneous  nerves  of  the  fingers  and  toes,  on 
the  palms  and  soles,  also  in  the  flexures  of  the  joints  (Raeuber).  They  are 
occasionally  found  on  the  superficial  nerves  of  other  parts  and  in  the  gi*eat 
sympathetic  plexus  behind  the  peritonaeum  near  the  abdominal  aorta,  also 
near  the  fundament. 

Meissner^s  or  Wagner's  Corpuscles,  Palpation  Corpuscles. — The 
medullated  nerve  filaments,  which  run  beneath  the  ]iapiU»e  with  the  blood- 
vessels, here  and  there  ascend  into  single  pa}>illae,  which  as  a  rule  are  non- 
vascular, and  terminate  in  the  so-called  tactile  corpuscles — corpuscula  toe- 
tti8 — of  Meissner  and  Wagner. 

If  we  harden  the  skin  of  the  last  phalanx  in  chromic  acid,  in  some  of  the 
low  broad  papillaa  we  find  oval  bodies  which  occupy  their  entire  length  and 
have  a  diameter  of  from  0.02  to  0.045  millim.  These  (fig.  221)  attract  at- 
tention by  their  firm  appearance  and  transverse  striation,  which  is  produced 
])ai*tly  by  fine  lines  and  partly  by  fusiform  lustrous  cells  placed  diagonally. 
The  medullated  nerve  fibres,  with  their  nucleated  sheaths,  run  sometimes  only 
to  the  lower  extremity,  sometimes  to  the  middle  or  even  to  the  summit  of 
the  coqiuscle,  and  are  often  wound  once  or  once  and  a  half  time  around 
the  coqiuscle,  which  is  then  narrowed  at  that  poi-tion.  Suddenly  they  lose 
their  medulla  and  can  no  longer  be  ti*aced  in  the  corpuscle. 

Similar  appearances  are  seen  after  treating  fresh  sections  of  skin  with 
potash,  soda,  or  concentrated  acetic  acid.  There  are  many  questions  about 
them  which  are  yet  undecided,  and  have  been  answered  in  various  ways  by 
different  observers.  The  transvei'se  lines  by  some  are  thought  to  be  connec- 
tive tissue,  by  others  elastic  tissue  or  nerve  fibres,  and  the  corresponding  nu- 
clei have  been  taken  for  connective-tissue  cells  or  nuclei  of  the  nerve  sheaths. 
Some  have  supposed  that  the  nerves  after  losing  their  medulla  entered  the 
cavity  of  the  tactile  corpuscle,  after  the  manner  of  Krause's  corpuscles,  and 
ended  there  in  free  extremities. 

We  have  been  able  to  settle  several  disputicd  points  by  means  of  suc- 
cessful chloride  of  gold  preparations,  the  nerve  fibres  being  colored  of  a 
dark  violet  hue,  while  the  rest  of  the  tissue  has  a  pale  reddish  color ;  the 
contour  of  the  corpuscles  is  visible  in  a  faint  outline  within  which  lie  the 
oblong  nuclei.  Delicate  sections  reveal  the  existence  of  from  four  to  six 
violet  nervt?  fibres  within  the  corpuscle.  Sometimes  obliquely  directed, 
sometimes  longitudinally,  which  are  accompanied  with  small  nuclei  but 
little  colored.  Thin  sections,  however,  give  no  explanation  as  to  their  fur- 
ther course ;  they  do  not  show  whether  the  fibres  subdivide  or  how  they  ter- 
minate. The  corpuscles  of  Meissner,  as  also  those  of  Pacini,  are  the  termi- 
nal structures  of  the  medullated  nerves,  but  we  are  not  acquainted  with  the 
manner  in  which  they  end  within  them. 

Tactile  corpuscles  are  always  found  on  the  last  phalanges  of  the 
fingers  and  are  most  numerous  here.  According  to  Meissner  *  there  are  in 
this  situation  108  tactile  to  400  vascular  papillse.  They  are  found  in  less 
quantity  on  the  palm  of  the  hand  and  sole  of  the  foot,  as  well  as  on  their 
dorsal  surfaces,  and  also  in  the  nipples,  though  not  always  (K^Uliker, 
Kmuse),  and  in  the  lips  (K^Uiker,  Krause,  Henle). 

*  BeUrage  zur  AruUomie  und  Physiologie  der  Haut,     Leipzig,  1803. 
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Terminations  of  the  Non-Medullated  Nerve  Fibres. — In  the  pars 
reticularis  corii,  along  the  ramifications  of  the  capillaries,  the  nou-medullated 
fibres  form  a  plexus  which  consists  paHly  of  coarse  fibres  and  also  of  others 
fine,  smooth  and  varicose,  with  numerous  nuclei.  From  this  plexus  single 
nerve  fibres  ascend  towards  the  rete  mucosum,  which  sometimes  run  first  for 
a  distance  beneath  it,  and  then,  turning  suddenly,  enter  the  mucous  layer. 
Others  reach  the  papillro,  subdivide  within  it,  and  mount  between  the  cells 
of  the  rete  Malpiglui  (Langerhans,  Biesiadecki).  This  disposition  can  be 
traced  only  on  preparations  which  have  been  successfully  treated  with  chlo- 
ride of  gold,  and  these  are  very  difficult  to  obtain,  the  most  frequent  obstacle 
being  that  the  saturation  of  the  corium  is  imperfect,  owing  to  the  impermea- 
bility of  the  horny  layer.  Langerhans  therefore  recommends  placing  only 
thin  sections  of  cutis  in  the  solution  of  chloride  of  gold,  to  which  a  few 
drops  of  acetic  acid  have  been  added. 

In  favorable  specimens  by  this  method  the  nerve  fibres  are  readily  seen 
entering  the  mucous  layer  and  ending  there  in  knob-like  distentions,  at  the 
height,  pei'haps,  of  the  third  row  of  cells.  Also  in  the  more  external 
layers  of  the  rete  Langerhans  asserts  that  he  has  seen  a  considerable  num- 
ber of  deep  violet-colored  bodies,  each  of  w^hich  sends  a  prolongation  down- 
wards and  several  outwards  towards  the  stratum  comeum.  He  thinks  the 
former  are  connected  with  the  deeper  nerve  fibres. 

Sebaceous  Glands. — The  sebaceous  glands,  glandvlce  sehofercBy  called 
also  the  glands  of  the  hair  follicles,  on  account  of  their  connection  with  the 
hairs,  are  simple  or  compound  acinous  glands  whose  ducts,  as  a  rule,  open 
into  the  hair  sac,  and  seldom  directly  on  the  surface  of  the  skin.  In  the 
case  of  the  larger  hairs  they  form  appendages  to  the  hair  follicle,  while  with 
the  downy  hairs  the  relations  are  so  reversed  that  the  small  haii*  seems  to 
lie  w^ithin  the  broad  duct  of  the  gland.  They  are  always  situated  in  the 
corium,  and  never  extend  into  the  subcutaneous  connective  tissue. 

The  sebaceous  glands  consist  of  a  body  and  duct.  The  body  of  the  gland 
is  in  lobes  (acini),  that  is,  pear-shaped  sacs  filled  with  enchymatous  cells, 
from  two  to  twenty  of  which  have  a  common  orifice.  The  acini  consist 
then  of  a  glandular  sac  or  covering,  and  enchymatous  cells. 

The  sac  is  a  transparent  membrane  with  nuclei  and  apparently  structure- 
less, but  showing  groups  of  cells  after  treatment  with  a  solution  of  silver ; 
externally,  however,  there  is  a  thick  membrane  formed  of  connective  tissue 
and  elastic  fibres,  in  which  there  is  a  moderately  developed  vascular  net- 
work. Neither  lymphatics  nor  nerves  have  ever  been  recognized  in  con- 
nection with  the  sebaceous  glands. 

The  enchymatous  cells  fill  the  whole  sac  with  the  exception  of  a  small 
central  cavity,  and  are  epithelial  in  character,  of  which  the  more  exlemal 
resemble  the  deeper  cells  of  the  mucous  layer,  only  the  nucleus  is  more 
clearly  discernible.  Internally  the  cells  first  become  filled  with  small  fatty 
granules,  and  then  with  larger  drops  of  oil,  which  obscure  the  nucleus  and 
even  distend  the  cell.  After  extraction  of  the  fat  we  find  round  spaces  of 
various  sizes  corresponding  to  the  drops  of  oily  matter  within  the  polygonal 
sharply -defined  cells,  and  these  are  surrounded  by  the  remnants  of  the  pro- 
toplasm. In  the  centre  of  the  cell  lies  the  round  vesicular-like  nucleus. 
In  many  instances  even  the  peripheral  gland  cells  are  filled  with  fat,  while 
in  other  cases  the  oily  contents  are  very  insignificant.  In  the  cavity  of  the 
sebaceous  gland  we  find  a  shapeless  mass  of  sebum  with  abundant  residue  of 
cells. 

The  glandular  sac  passes  over  into  the  wall  of  the  duct,  which  again  is 
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continued  into  that  of  the  liair  follicle,  so  tliat  the  former  is  to  be  considered 
as  a  diverticulum  of  the  hair  sac,  which  is  more  evident  from  the  fact  that 
the  I'oot-sheaths  also  surround  the  oriiice  of  the  gland  and  pass  over  im- 
mediately into  its  enchymatous  cells.  The  tunicle  of  the  duct  consists  like- 
wise of  a  pellucid  membrane  with  an  epithelial  coating,  enclosing  a  cylindri- 
cal canal  generally  filled  with  fatty  matter.  The  cells  correspond  exactly  to 
those  of  the  outer  root-sheath  of  the  hair,  and  are  covered  with  a  horny 
layer  which  decreases  in  thickness  towards  the  gland. 

The  number  and  size  of  the  sebaceous  glands  does  not  de])end  upon  the 
size  of  the  hair.  The  bodies  of  the  glands  attached  to  the  larger  hairs  con- 
sist of  numerous  lobes  which  surround  the  middle  third  of  the  follicle 
crescentically,  separated  only  by  a  slight  amount  of  connective  tissue. 
Their  size  depends  on  the  one  hand  on  the  number  of  the  lobes,  and  on  the 
other,  on  the  quantity  of  enchymatous  cells  and  their  richness  in  fat. 

The  ducts  of  the  sebaceous  glands,  of  which  one  or  two  enter  one  follicle, 
open  into  the  latter  at  an  acute  angle,  their  cells  finally  uniting  with  those  of 
the  outer  root-sheath.  The  acini  of  the  glands  belonging  to  the  downy  hairs 
on  some  places  are  larger  and  more  numerous  than  others,  and  the  duct 
exceeds  that  of  the  other  hairs. 

Ko  sebaceous  glands  are  found  on  the  palm  of  the  hand,  sole  of  the  foot, 
back  of  the  third  phalanges,  or  glans  penis. 

The  sebiferous  glands  begin  to  be  developed  in  the  third  month  by  the 
formation  of  a  small  excrescence  from  the  outer  root-sheath  at  the  height 
of  the  future  gland.  It  is  composed  of  ei)ithelial  cells  which  afterward  in- 
crease in  number  and  form  a  pear-shaped  prolongation  from  the  follicle. 

Sweat  Glands. — The  perspiratory  glands,  glandvlce  sudoriferoe^  are  con- 
voluted tubular  structures  which  open  on  the  surface  of  the  skin  by  a 
lengthened  duct.  They  may  be  divided  into  the  body  of  the  gland  and  its 
outlet. 

The  body  or  coil  is  a  small  roundish  yellow  knot  which  is  almost  always 
situated  in  the  subcutaneous  cellular  tissue,  rarely  in  the  deeper  part  of  the 
corium,  and  measures  generally  from  0.15  to  0.6  millim.  In  the  axill«  they 
attain  the  size  of  from  one  to  two  millimetres  or  even  five  millimetres  in 
diameter. 

This  coil  u  formed  of  the  glandular  tube,  wound  up  many  times  and  held 
in  position  by  loose  connective  tissue.  The  blind  extremity  lies  in  the  cen- 
tre of  the  coil,  which  may  be  unravelled  with  comparative  ease,  and  has 
been  known  in  one  case  to  measure  three-quarters  of  a  line  (Krause). 

The  glandular  tube  consists  of  an  enveloping  sheath  and  enchymatous 
cells.  The  sheath  is  formed  of  a  thin  transparent  membrane,  which,  on  the 
application  of  a  nitrate  of  silver  solution,  assumes  a  mosaic-like  tessellation 
(Czemy)  with  oblong  nuclei.  The  loose  connective  tissue  between  the  con- 
volutions of  the  coil  consists  of  delicate  fibres  running  parallel  to  the  glan- 
dular canal,  between  which  are  fusiform  connective-tissue  cells.  This  con- 
nective tissue  forms  a  sort  of  capsule  around  the  gland  and  encloses  a  vas- 
cular network  in  its  fine  meshes.  In  the  larger  glands,  as  those  of  the 
axillae,  there  are  numerous  muscular  cells,  longitudinally  directed,  outside 
the  membrane. 

The  cavity  is  lined  with  a  single  row  of  conical  or  cylindrical  cells. 

Inasmuch  as  the  coil  lies  in  the  subcutaneous  tissue,  the  duct  of  the  sweat 
gland  must  traverse  the  whole  corium,  as  also  the  mucous  and  horny  layers 
of  the  epidermis.  In  the  corium  it  has  a  straight  or  slightly  wavy  course, 
and,  emerging  between  two  papilhe,  it  passes  with  slight  undulations  through 
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the  mucous  layer  which  is  thei'e  the  thickest.  As  the  cubic  cells  of  the  i-ete 
Malpighii  become  flattened  externally,  the  duct  of  the  gland  must  be  tortu- 
ous in  proportion  to  the  thickness  of  the  former.  Where  the  horny  stratum 
is  thin  the  canal  descnbes  hardly  half  a  turn,  but  when  it  is  very  thick  there 
may  be  as  many  as  twenty,  resembling  a  corkscrew,  which  are  always  direct- 


Fig.  222. 


■>^,_. 


Fig.  222.  Coil  of  a  Sudoriferous  gland,  cut  in  many  directions,  a,  external  mem- 
brane; b,  enchymatous  cells;  c,  glandular  canal;  d,  divided  blood-vessel;  /,  loose 
oellalar  capsule. 

ed  towards  the  right,  on  both  halves  of  the  body  (Welcker).  In  some  places, 
as  the  hands  and  feet,  the  orifices  are  conically  dilated  and  are  visible  to  the 
naked  eye  as  the  so-called  swecU-porea.  In  the  last-mentioned  situations  they 
are  arranged  in  rows  in  the  furrows,  at  equal  distances  from  one  another, 
elsewhere  mostly  in  groups  (Krause).  They  do  not  exist  on  the  prepuce 
and  glans  i>eni8. 

In  the  mucous  layer  the  ducts  have  no  enveloping  membrane  of  their  own, 
the  canal  being  surrounded  by  the  concentric  concavo-convex  cells  of  the 
rete  and  by  scales  in  the  horny  layer. 

The  ducts  form  tongue-like  projections  of  the  mucous  layer  into  the  corium 
and,  on  macerated  skin,  they  may  be  drawn  out  with  the  epidermis  as  fine 
threads.  Here  in  the  dei*ma  they  possess  a  separate  membrane  of  their  own 
which  is  to  be  considered  as  a  continuation  of  that  covering  the  corium. 
The  mucous  layer  is  continued  into  the  cavity  of  the  gland  in  multiple  rows 
of  cells,  decreasing  gradually  in  thickness  till  finally,  deep  in  the  corium, 
they  pass  over  into  the  enchymatous  cells.  Connective-tissue  fibres  with 
numerous  cells  accompany  the  duct,  running  parallel  to  it  through  the  cor- 
as  a  rule  also  two  small  blood-vessels. 

Langerhans  (1.  c.)  describes  between  the  cells  of  the  outer  portion  of  the 
duct  structures  belonging  to  the  nervous  system  and  resembling  those  that 
ium,  and  exist  in  the  mucous  layer. 

According  to  Krause's  reckoning  there  are  2,736  sweat  glands  on  a  square 
inch  of  skin  from  the  vola  manus,  on  the  sole  of  the  foot  2,685  in  the  same 
space,  on  the  back  of  the  hand  1,490,  on  the  neck  and  forehead  1,303,  on  the 
back  of  neck  and  nates  417.  The  perspiratoiy  glands  of  the  axilla,  differing 
from  the  others  in  their  considerable  size,  do  not  allow  of  any  dii'ect  com- 
parison with  them,  though  they  far  surpass  in  magnitude  those  of  other  por- 
tions of  the  body. 

The  sweat  gkuids  begin  to  be  developed  in  the  fifth  month  of  intra-uterine 
life,  by  the  formation  of  a  flask-shaped  projection  of  the  mucous  layer  into 
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the  comim,  formed  of  epithelial  cells,  ending  in  a  dilated  extremity.  In  the 
seventh  month  tisere  is  an  axial  canal ;  in  the  same  month  the  gland  length- 
ens, its  blind  extremity  dilates  and  becomes  retort-shaped.  In  the  last 
months  of  pregnancy  this  end  becomes  convoluted  into  the  well-known 
glandular  coil. 

Muscles  of  the  Skik. —  Voluntary,  atHpeJ.  musculxir  fibres  ai-e  found  only 
in  the  skin  of  the  face,  beard  and  nose ;  they  have  their  origin  deep  and  are 
inserted  in  the  corium,  sometimes  at  an  acute  angle,  sometimes  at  right 
angles,  between  the  hairs  and  the  sebaceous  gland. 

Smooth  muscular  fibres  exist  in  the.  skin  in  a  twofold  distribution.  Some 
run  hoiizontally  and  form  an  anastomosing  network  (KoUiker),  as  in  the 
scrotum  (tunica  dartos)  and  prepuce ;  some  are  in  cnicial  bundles,  as  in  the 
areola  of  the  breasts  and  even  in  the  nipples  themselves. 

The  most  common  disposition  of  cutaneous  muscular  fibres  is  in  isolated 
bands  from  0.045  to  0.22  millim.  in  diameter,  which  penetrate  the  corium 
in  an  oblique  direction  and  have  special  relations  with  the  hair  follicles 
(Haarbalgmuskein,  Kolliker,  Erectores  pili,  Eylandt).  They  arise  in  the 
outer  part  of  the  corium  and  act  obliquely,  having  their  insertion  in  the 
inner  sheath  of  the  hair  follicle.  Many  haii-s  have  two  muscles  which  cross 
over  the  sebaceous  gland  and  surround  this  in  the  form  of  a  crescent.  The 
hairs  are  inserted  obliquely  in  the  skin  and  form  a  moderately  acute  angle 
with  the  sui-face,  while  the  muscular  fibi*es  occupy  the  corresponding 
oblique  angle,  so  that  by  their  contraction  the  hair  assumes  a  more  ver- 
tical direction  and  is  somewhat  elevated  from  the  level  of  the  skin  (goose- 
skin). 

Neumann  describes  muscular  bands,  running  obliquely  in  the  skin,  which 
have  no  connection  with  the  hairs. 

B.  Hairs — Pili. 

The  hairs  are  cylindrical  homy  stioictures  located  in  tubular  depressions 
of  the  skin — the  so-called  hair  follicles — and  are  developed  from  a  papilla  at 
the  fundus  of  the  sac,  the  hair  papilla. 

In  studying  the  hairs  we  must  regard  :  1,  the  structure  of  the  hair  follicle 
together  with  its  papilla,  and  2,  that  of  the  hair  itself.  In  the  latter, 
again,  the  portion  enclosing  the  papilla,  the  root  of  the  hair,  and  the 
remaining  portion,  the  hair  shaft,  which  projects  largely  from  the  skin. 

The  hair  follicle  is  a  depression  of  the  surface  of  the  corium  with  a  blind 
lower  extremity  (fig.  223)  dilated,  and  a  conical  oiifice  (a).  Below  the 
external  opening  it  is  narrowed  and  forms  the  so-called  neck ;  here  it  is  that 
the  duct  of  the  sebaceous  gland  discharges  its  contents. 

Fi*om  the  neck  to  the  dilated  portion  or  bulb  we  distinguish  (1)  the  haii* 
follicle,  and  (2)  the  root-sheath. 

The  follicle  proper  consists  of  thi-ee  layei-s,  an  outer,  middle  and  inner. 
The  outer  follicular  sheath  d  (KoUiker's  outer  fibrous  sheath)  consists  of  com- 
pact connective-tissue  fibres  ininning  parallel  to  the  axis  of  the  hair,  which 
are  firmly  united  above  to  the  fibi-es,  of  the  corium,  and  embrace  the  root 
below,  accompanying,  for  a  distance,  the  blood-vessels  which  enter  the  hair 
papilla.  This  sheath  gradually  merges  externally  into  the  connective  tissue 
of  the  coiium  without  there  being  any  sharp  boundary-line,  and  appears 
as  an  independent  envelope,  0.02  millini.  in  thickness,  only  on  that  portion 
of  the  sac  found  in  the  panniculus  adiposus.  Within  this  sheath  we  find 
two  blood-vessels  running  longitudinally  (artery  and  vein)  which  encircle 
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tlie  hair  by  means  of  minute  inosculations;  also  hero  and  there  nene 
fibres  dividing  dichotomously. 

Fig.  223. 


Tig,  223.  Hair  from  the  beard,  b,  neck  of  hair  follicle  ;  a,  orifice  ;  <J,  dilatation  of 
follicle ;  d^  oater  follicular  sheath ;  m,  adipose  cells ;  e,  inner  follicular  sheath ;  p, 
papilla ;  /,  outer  root-sheath ;  g^  inner  root-sheath ;  A,  cortical  substance ;  A;, 
medullary  substance  of  hair  ;  I,  root  of  hair ;  n,  arrector  pill ;  ^  sebaceous  gland  ; 
o,  papilla  of  akiu;  «,  mucous  layer;  ep^  homy  layer  which  projects  into  the  cavity  of 
the  Lair  sac. 
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The  middle  sheath  of  the  follicle  constitutes  the  inner  fibrons  membrane 
of  Kolliker  («).  It  consists  of  scattered  transverse  connective-ti«*sue  fibres, 
between  which  there  is  a  homogeneous  substance  but  little  granular,  with 
numerous  lengthened  nuclei  placed  diagonally.  After  treating  it  with 
nitrate  of  silver  solution  several  lay  era  of  oblong,  wavy  outlined  tessellations 
appear  (Czemy),  the  nature  of  which  is  not  yet  explained.  The  fusiform 
shape  and  the  lengthened  nuclei  have  a  resemblance  to  organic  muscular 
fibres,  while  for  their  connective-tissue  nature  we  have  the  fact  that  they 
Are  isolated  with  difficulty,  and  do  not  swell  up  nor  become  opaque  on  boiling 
in  water  (Henle,  Kolliker).  The  contraction  of  this  layer,  as  after  the  falling 
out  of  the  hair,  is  in  favor  of  its  mxiscular  nature  (fig.  225).  Numerous 
capillaries  enter  the  inner  follicular  sheath  from  the  blood-vessels  of  the 
outer  sheath,  and  form  a  dense  network.  No  nerves  have  yet  been  found 
here.  This  sheath  begins  at  the  neck  of  the  hair  sac  and  extends  to  the 
fundus,  having  a  thickness  even  of  0,05  millim.  in  the  coarser  haira  of  the 
beard.  It  is  continued  below  into  the  hair  papilla  (/>),  which  projects  into 
the  cavity  of  the  follicle  and  generally  rests  upon  a  pedicle  formed  of  the 
inner  follicular  sheath. 

The  hair  papilla  thus  presents  a  constricted  neck  and  expanded  body, 
which  terminates  in  a  conical  extremity.  Its  length  on  the  average  is  twice 
its  breadth.  Moreover  the  length  of  the  papilla  is  not  so  proportionate  to 
the  length  of  the  hair  as  is  its  breadth. 

The  papilla  of  the  hair  consists  of  connective-tissue  fibres  coming  from 
the  inner  sheath  of  the  follicle,  between  which  are  numerous  round  nuclei ; 
round  nucleated  cells  are  also  clearly  discernible.  It  is  quite  smooth  on  its 
surface,  and  at  its  neck  is  surrounded  by  the  vitreous  membrane  of  the 
follicle,  which  cannot,  however,  be  demonstrated  on  the  body  and  apex.  Two 
small  arteries  enter  the  papilla,  and,  as  a  rule,  unite  towards  its  summit 
into  one  stem,  subsequently  to  divide  into  two  efferent  vessels  (veins).  There 
are  abundant  anastomoses  between  these  four  blood-vessels.  I  have  traced 
non-medullated  nerve  fibres  as  far  as  the  neck  of  the  hair  papilla. 

The  third  and  innermost  sheath  of  the  follicle  consists  of  a  transparent 
layer,  the  vitreous  membrane,  from  0.005  to  0.008  millim.  in  thickness,  which 
is  unaltered  by  acids  or  alkalies.  Although  on  section  it  appears  ^^erfectly 
homogeneous,  when  seen  from  the  surface  delicate  fibres  appear  to  run 
diagonally  and  to  decussate  ;  roimd,  faintly  outlined  nuclei  ai'e  also  seen  here 
and  there.  A  weak  solution  of  nitrate  of  silver  produces  a  tracing  on  this 
vitreous  membrane  similar  to  that  on  the  walls  of  the  lymphatics  (Czemy*) 
The  outer  surface  of  this  membrane  next  to  the  inner  follicular  sheath  is 
smooth,  but  internally  it  displays  a  delicate  striation  with  minute  prominen- 
ces similar  to  stellate  cells  (Haight  f ). 

The  vitreous  membrane  is  a  continuation  of  the  delicate  cuticle  covering 
the  corium ;  it  invests  the  whole  follicle  and  is  prolonged  upon  the  neck  of 
the  papilla,  where  it  becomes  tliinner  and  thinner  till  it  is  finally  lost.  It 
appears,  however,  that  it  does  cover  the  body  and  summit  of  the  papilla, 
although  exceedingly  thin  in  this  situation.  Neither  blood-vessels  nor 
nerves  are  found  in  tliis  layer. 

The  root-sheath  (jT),  which  we  have  ajlnded  to  as  a  further  constituent  of 
the  hair  sac,  consists  of  two  layers,  an  outer  and  an  inner.  The  outer  root- 
sheath  (/*)  is  formed  from  the  mucous  layer  which  is  continued  into  the 
follicle ;  it  does  not,  however,  reach  its  enlarged  portion,  but  ends  usually  at 

*  CmtraOlattftir  Med.  Wissermhoftm,  1869,  Nr.  26. 

f  Sitzungsbmeht  der  Akademie  in  Wien,  Jahr  1868,  Bd.  57. 
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the  height  of  the  apex  of  the  papilla,  or  oftener  even  higher  up  (Moleschott, 
Chapuis).  It  consists  of  a  multiple  layer  of  epithelial  cells,  of  which  those 
nearest  the  vitreous  membrane  are  for  the  most  part  cylindrical,  and  have 
round  nuclei  located  nearer  to  that  sui^ace  than  the  other.  The  cells  next 
to  these  interiorly  are  polyhedral,  whilst  the  innermost  ones  are  flattened 
with  oval  nuclei. 

The  outer  root-sheath  is  thinner  in  the  neck  of  the  hair  sac,  owing  to  the 
cells  being  more  compressed  there  than  elsewhere,  and  it  ends,  generally, 
at  the  expansion  of  the  hair,  sometimes  being  rounded  off  and  consisting 
of  a  triple  row  of  cells,  and  sometimes  tapering  down  so  that  finally  there 
is  but  a  single  row  of  flattened  cells.  Between  the  cells  of  the  outer  root- 
sheath,  in  chloride  of  gold  preparations,  we  find  here  and  there  dark 
violet  varicose  fibres,  coming  from  the  vitreous  membrane  and  reaching  to 
the  inner  root-sheath.  The  conjecture  that  these  are  nerve  fibres  has  not 
yet  been  supported  by  the  discovery  of  any  connection  between  them  and 
the  nerves  nmning  in  the  follicular  sheaths.  Langerhans  (I.  c.)  describes 
nerve  cells,  among  the  cells  of  the  outer  i-oot-sheath,  similar  to  those  in  the 
rete  mucosum. 

The  inner  root-sheath  (g)  consists  of  two  layers,  an  outer  and  inner,  the 
outer  one  being  the  inner  root-sheath  of  Henle,  and  the  inner  the  so- 
called  Huxley's  membrane.  These  are  quite  different  structures  in 
reference  to  their  development,  texture,  and  chemical  relations ;  the  former 
is  related  genetically  to  the  outer  root-sheath,  while  the  latter  is  devel- 
oped from  the  root  of  the  hair.  The  inner  root-sheath  of  Henle  appears  in 
A  longitudinal  section  of  the  hair  as  a  delicate,  clear,  lustrous  layer,  resem- 
bling the  vitreous  membrane,  and  but  little  colored  by  the  carminate  of 
ammonia.  It  begins  at  the  neck  of  the  hair  follicle  and  stretches  towards 
the  hair  expansion  only  as  far  as  the  outer  root-sheath  extends.  Externally, 
towards  the  outer  root-sheath,  the  boundary  is  well  defined ;  internally,  it  is 
in  contact  with  Huxley's  layer,  soon  to  be  described.  The  former  stratum, 
which  Henle  was  the  first  to  describe  and  designated  the  inner  root-sheath, 
consists,  however,  as  both  section  and  direct  view  show,  of  oblong  lustrous 
scales  without  nuclei,  lying  parallel  to  the  long  axis  of  the  follicle,  and 
resembling  fusiform  cells  halved  in  their  long  axis.  Tbe  flat  surfaces  of 
these  cells  touch  the  outer  root-sheath,  which  they  cover  continuously ;  the 
inner  convex  surfaces  adjoin  the  cells  of  Huxley's  membrane. 

Most  anatomists  have  described  small  interstices  between  these  scales, 
which  caused  Henle  to  regard  this  as  a  cribriform  membrane ;  others  have 
thought  that  they  are  only  fine  splits  produced  in  the  preparation  of  the 
specimen.  There  is  no  doubt  but  that  on  flat  sections,  without  any  previous 
isolation  of  this  membrane,  there  are  appearances  which  seem  to  bespeak  the 
existence  of  minute  interstices  between  the  scales;  but  these  apparent  clefts 
are  caused  by  the  convexity  of  the  cells,  which  leave  larger  or  smaller  inter- 
vals in  proportion  to  their  shape.  By  a  proper  adjustment  of  the  microscope 
we  can  readily  see  that  these  scales  are  in  immediate  contact  by  the  edges 
of  their  flat  surfaces. 

In  the  deeper  portion  of  the  follicle  the  inner  root-sheath  consists  of  a 
single  row  of  the  above-described  scales,  which  are  readily  distinguishable 
from  the  nucleated  cells  of  Huxley's  membrane ;  more  externally  the  former 
become  flatter  and  the  latter  lose  their  nuclei,  so  that  the  two  layers  cannot 
readily  be  separated  from  one  another,  but  it  appears  that  the  scales  of  the 
inner  root-sheath  increase  in  quantity  outwards.  We  may  finally  mention 
that  those  of  the  inner  root-sheath  swell  up  and  are  finally  dissolved  in  soda 
and  potash. 
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The  hair  consists  of  the  shaft,  its  larger  pai-t  projecting  from  the  sm-face, 
and  of  the  hair  root,  a  bulbous  expansion  of  the  lower  extremity ;  from 
the  latter  are  developed  a  sheath,  peculiar  to  the  hair  and  surrounding  the 
lower  portion  of  its  shaft — the  so-called  Huxley's  membrane,  and  the 
cuticula  of  the  root-sheath. 

Delicate  cross-sections  of  the  hair  shaft  in  its  natural  state  show  that  its 
edge  is  finely  serrated,  and  that  there  are  faint  lines  on  the  surface  con^e- 
sponding  to  the  apices  of  the  dentations,  which  enclose  oblong  quadrilateral 
spaces.  This  appearance  resembles  slightly  the  sui*face  of  the  body  in  the 
scaly  Amphibia,  and  is  produced  by  small  scales  dividing  up  the  surface  of 
the  hair,  representing  the  so-caUed  cuticula  of  the  hair  first  described  by 
Herm.  Meyer. 

The  larger  part  of  the  hair  is  made  up  of  the  cortical  substance  {^g, 
223,  b) ;  in  gray  hairs  this  is  a  colorless  silvery  matter  in  which  numerous 
dark  spindle-shaped  granules  are  found  directed  longitudinally.  In  hairs  of 
different  hues  the  cortical  portion  includes  vaiiously  colored  pigment  granules. 
In  the  thick  hairs  of  the  beard,  as  also  here  and  there  on  the  head,  there 
is  a  medullary  (fig.  223,  k)  substance  within  the  coi'tical,  which  is  composed 
of  granular  polyhedi*al  cells,  and  is  best  studied  in  gray  hairs.  The  hair 
shaft  ends  (on  uncut  hairs)  in  a  fine  point  which  never  has  any  medulla, 
and  for  the  most  part  passes  below  gradually  over  into  the  root  of  the  hair. 

The  root  (fig.  223,  I)  is  that  poi^tion  of  the  hair  which  surrounds  the 
papilla  and  fills  the  lowest  part  of  the  follicle.  It  is  formed  of  nucleated 
cells  which  resemble  those  of  the  deepest  layers  of  the  rete  mucosum,  and 
differ  from  them  |)erhaps  only  in  a  special  hardness.  Those  next  to  the  pa- 
pilla are  cylindrical  and  are  perpendicular  to  its  surface ;  sometimes  they 
are  attached  to  it  by  a  very  slender  thread.  The  outermost  cells  of  the  root 
touch  the  vitreous  membrane  and  are  somewhat  flattened :  the  middle  portion 
is  formed  of  tK)lyhedral  cells  with  quite  large  nuclei.  In  the  middle  of  this 
cell  accumulation,  at  the  height  of  the  body  of  the  papilla,  we  notice  a  row  of 
cells,  running  parallel  to  the  vitreous  membrane,  which  are  distinguished 
from  other  cells  by  their  more  compax;t  arrangement,  by  being  somewhat  flat- 
tened from  above  downwards,  and  by  being  stained  more  deeply  by  carmine. 

At  the  height  of  the  summit  of  the  papilla,  or  sometimes  deeper,  there 
appears  a  line  of  small  scales  as  a  continuation  of  the  cells  above  alluded  to, 
and  this  is  situated  perpendicularly  to  the  axis  of  the  hair,  but  above  tlie 
papilla  they  run  more  parallel  to  it)  so  that  the  lower  ones  to  a  great  extent 
overlap  the  upper,  and  only  perhaps  the  sixth  part  of  the  outer  portion  is 
left  free.  These  scales  lying  close  together  and  being  adhei*ei\t  to  each  other 
thus  become  the  cuticle  of  the  hair,  as  is  recognized  on  the  clear  border  sur- 
rounding it  and  on  the  finely  serrated  edge.  These  cuticular  cells,  which 
enter  the  root  of  the  hair,  divide  it  into  a  central  portion  surrounding  the 
papilla,  and  a  peripheral,  which  lies  next  the  viti-eous  membi*ane,  and  forms 
at  the  most  the  fourth  part  of  the  former. 

The  central  portion  of  the  root  of  the  hair,  as  stated,  is  composed  of  cylin- 
drical cells  resting  upon  the  papilla,  and  of  polyhedral  cells  further  re- 
moved from  these.  They  are  marked  by  their  large  round  nuclei  deeply 
stained  by  carmine,  and  by  a  scanty  homogeneous  protoplasmic  substance. 
Higher  up  above  the  papilla  the  protoplasma  increases  in  quantity;  the 
cells,  as  also  their  nuclei,  become  at  first  oval,  and  those  more  external 
become  spindle-shaped  with  lengthened  nuclei.  In  this  portion,  which  gen- 
erally exceeds  the  length  of  the  papilla,  the  hair-root  gradually  diminishes  in 
size,  and  is  still  surrounded  by  the  obliquely  disposed  cuticular  cells.  Its 
component  cells  are  still  capable  of  being  colored  by  carmine. 
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At  a  rather  sharply  defined  margin  the  contour  of  the  individual  cells  dis- 
appears, and  fine  lines  alone  are  seen,  which  appear  to.  be  the  outlines  of 
fibres  ;  the  nuclei  ai*e  also  drawn  out  into  threads.  The  whole  mass  is  no 
longer  stained  by  carmine,  and  in  gray  hairs,  from  which  this  description  is 
taken,  we  have  the  hard,  silvery,  horn-like,  cortical  substance  of  the  hair- 
shaft.  Tkua  the  central  portion  of  the  root,  enclosed  by  tlve  cuticuicn'  ceUs, 
passes  over  into  the  hair  substance,  the  roun/2  so-called  hair  cdls  becaniijig 
more  fusiform,  and  finally  being  transfoitned  into  s-nwU  Jiomy  spindles. 

The  }>eripheral  portion,  between  the  cuticular  cells  and  the  vitreous  mem- 
brane of  the  hair-sac,  foima  the  cuticle  of  the  root  and  the  sheath  of  Huz« 
ley.  It  consists  in  the  deeper  portion  of,  at  least,  three  rows  of  cells,  the 
outermost  of  which  correspond  to  the  long  axis  of  the  hair,  and  are  drawn 
out,  while  those  next  the  cuticle  are  mostly  polygonal,  crowd  themselves 
between  its  scales,  and  even  become  metamorphosed  into  the  cuticular  scales 
of  the  root.  These  overlap  each  other  in  a  manner  similar  to  those  of  the 
hair  cuticle,  with  the  difference  that  in  the  latt-er  the  upper  cover  the  greater 
part  of  those  situated  below,  or  in  other  words,  the  tree  uncovered  surfishce 
of  the  scales  of  the  hair  cuticle  is  exposed  above,  that  of  the  root  cuticle 
below.  These  two  cuticular  layers  are  firmly  adherent,  and  when  a  growing 
hair  is  pulled  out,  both  generally  follow,  together  with  the  inner  root-sheath, 
and  only  in  rare  casea  does  the  hair  come  out  alone,  with  the  enveloping 
cells  txirned  downwards. 

The  peripheral  cells  of  the  hair-root  at  the  height  of  the  body  of  the  pa- 
pilla are  elongated  in  the  direction  of  the  axis  of  the  hair  into  fusiform  cells, 
and  filled  below  with  scattered,  above  with  abundant  shiny  granules  which 
generally  surround  the  shrunken  nucleus.  Deep  in  the  follicle  these  cells 
are  in  contact  with  the  vitreous  membrane ;  more  externally  they  touch  the 
inner  root-sheath  of  Henle,  before  described,  and  consist  of  spindle-shaped 
epidermal  cells  without  nuclei. 

The  cells  in  these  two  localities  differ  from  each  other,  in  that  those 
deeper  down  always  contain  a  nucleus,  are  shiny,  and  filled  with  granules 
which  are  readily  colored  in  carmine,  while  the  others  have  no  nuclei,  and 
are  not  afiected  by  carmine. 

The  outermost  cells  of  the  hair-root,  then,  represent  a  proper  sheath  of 
the  hair,  that  first  described  by  Huxley,  and  called  by  his  name.  Thia  mem- 
brane consists  of  nucleated  fusiform  cells,  filled  with  lustrous  granules  to  the 
]»oint  where  the  hair  still  consists  of  separate  nucleated  cells  which  are  soft, 
and  imbibe  carmine.  Higher  up  the  component  cells  have  no  nuclei,  the 
granules  seem  to  have  united,  and  it  appears  homogeneous  on  longitudinal 
section,  resembling  the  vitreous  membrane,  and  unites  with  the  inner  root- 
sheath  of  Henle  to  form  the  single  inner  root-sheath  of  other  authors. 

This  inner  layer,  formed  by  the  union  of  the  inner  root-sheath  of  Henle 
with  that  of  Huxley,  extends  to  the  neck  of  the  follicle,  where  most  writers 
assert  that  it  ends  in  fibres.  But  successful  longitudinal  sections  show  that 
the  inner  sheath  is  continued  into  the  neck  of  the  sac,  it  being  possible  to 
trace  both  its  internal  and  external  outline  into  the  neck  of  the  hair  folli- 
cle, although  they  approach  very  closely  together.  Its  cells  flatten  suddenly 
on  entering  the  neck,  and  form  epidermal  cells  which  overlie  the  outer  root- 
sheath  in  several  layei*s,  likewise  consisting  of  flattened  cells.  In  some 
instances,  however,  it  happens  that  this  sheath  passes  unchanged  with  the 
hail*  through  the  neck  into  the  oiifice,  but  in  most  cases  the  scales  compos^ 
ing  it  mingle  with  the  epidermal  scales  in  the  outer  opening. 

The  topographical  arrangement  of  the  various  sheaths  of  the  hair  can  only 
be  studied  in  successful  longitudinal  sections.     Large  gray  hairs  are  best 
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Fig.  224. 


suited  for  this  purpose,  as  they  can  be  divided  lengthwise,  and  the  absence 
of  pigment  allows  the  individual  cells  of  the  haii'  substance  to  be  more  easily 
followed.  Preparations  made  by  teasing  with  needles  and  cross- sections 
then  complete  the  study. 

Inasmuch  as  the  hair  papillss  are  located  at  different  depths  in  the  corium, 
we  never  obtain  similar  sections  of  all  the  hairs  in  any  cut  made  exactly 
parallel  to  the  surface;  the  appearance  will  vary  according  to  the  height  of 
division  of  each  hair.  One  section  will  present  a  papilla  composed  of  con- 
nective-tissue fibres  surrounded  by  a  multiple  layer  of  epithelial-like  cells, 
and  enclosed  by  the  vitreous  membrane;  we  have  here  the  neck  of  the 
papilla  enveloped  by  the  cells  of  the  root,  neither  the  cuticle  nor  Huxley's 
sheath  being  cQstinguishable.     The  outer  root-sheath  is  also  absent. 

In  another  section  we  have  the  medullary  substance  of  the  hair  consisting 
of  oblong  quadrangular  cells  within  the  cortical  substance  composed  of 
nucleated  polyhedral  cells.  The  peripheral  portion  is  surrounded  by  many 
fine  lines  concentrically  arranged,  between  which  delicate  oval  cells  are  seen 
(cuticular  cells  of  hair  and  root).  External  to  these  we  have  a  layer  formed 
of  a  double  row  of  cells  in  which  there  are  numerous  shiny  granules  and  also 
marked  nuclei  (Huxley's  sheath),  enclosed  by  a  single  row  of  transparent 
hemispherical  cells  without  nuclei,  and  not  colored  by  carmine  (inner  root- 
sheath  of  Henle),  which  is  surrounded  by  the 
epithelial  cells  resting  upon  the  vitreous  mem- 
bi-ane  (outer  root-sheath).  This  section  passes 
through  the  yet  soft  root  over  the  papilla,  at  a 
distance  not  exceeding  its  length. 

In  a  third  specimen  (fig.  224)  the  hair  struc- 
ture consists  of  a  hard,  homy,  homogeneous  sub- 
stance in  which  there  appear  to  be  small  round 
nucleoli  e  (divided  nuclei  of  hair  cells).  The 
periphery  is  lighter  and  displays  an  indistinct 
striation,  h  (hair  cuticle).  This  is  surrounded 
by  a  single  row  of  shiny  hard  cells  enclosing 
shrunken  nuclei,  g  (Huxley's  membrane).  Next 
to  this  lie  the  cells  of  the  inner  root-sheath/*, 
without  nuclei  (Henle's),  and  the  epithelial  cells 
of  the  outer  root-sheath,  c.  The  cut  is  made 
through  about  the  middle  third  of  the  hair  sac. 

In  other  sections  of  hair  the  cells  of  Huxley's 
membrane  are  without  nuclei  and  cannot  be 
distinguished  from  those  of  the  inner  root- 
sheath  ;  a  double  or  triple  row  of  cells  destitute 
of  nuclei  suiroundiug  the  hair  shaft.  In  this 
case  the  hair  is  divided  beneath  the  neck  of  the 
sac. 

At  the  neck  of  the  follicle  a  quadruple  or 
quintuple  row  of  epidermal  cells  surrounds  the 
hair  shaft.  At  the  orifice  of  a  follicle  contain- 
ing two  haii*s,  each  hair  is  surrounded  concen- 
trically by  a  multiple  layer  of  epidermal  cells 
(altered  Huxley's  membrane  together  with  the 
inner  root-sheath  of  Henle),  which  is  again  en- 
circled by  epidermal  strata  (homy  layera  of  the 
follicular  opening). 

To  sum  up ;  longitudinal  and  transverse  sections  show :  1,  that  the  homy 
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Fig.  224.  Section  of  hair 
beneath  the  Deck  of  the  fol- 
licle, rt,  outer  follicular 
sheath  with  divided  capilla- 
ries h  ;  e^  Inner  sheath  of  fol- 
licle ;  d,  vitreous  membrane 
of  the  follicle ;  e,  outer  root- 
sheath;  fy  scales  of  inner 
root-sheath  of  Henle ;  g, 
scales  of  Huxley's  mem- 
brane; h,  cuticle  of  hair;  I, 
hair. 
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substance  is  developed  from  the  cells  of  the  hair,  that  is,  from  the  central 
cells  of  the  root  surrounding  the  papilla ;  2,  that  the  cuticle  of  the  hair  is 
likewise  formed  from  the  cells  of  the  root ;  3,  that  the  cuticle  of  the  root- 
sheaths  and  Huxley ^s  membrane  are  developed  from  the  peripheral  cells  of 
the  hair-root ;  and,  4,  that  the  inner  root-sheath  of  Henle  corresponds  to 
^e  homy  layers  of  the  outer  root-sheath. 

The  development  of  the  elements  of  the  hair,  however,  also  shows  that 
Huxley's  sheath  must  ^ow  as  the  hair  grows,  contrary  to  KoUiker's  asser- 
tion ;  further,  that  the  hair  is  not  pushed  forward  in  the  cuticle  of  the  root- 
sheaths,  but  between  Huxley's  membrane  and  the  inner  root-sheath  of 
Henle ;  and  that  the  latter,  which  corresponds  to  the  newly-formed  homy- 
layers  of  the  outer  sheath  of  the  root,  advances  also  through  the  neck  of  the 
hair  sac. 

The  agencies  producing  this  are  : 

1,  the  new  formation  of  root-cells  around  the  papilla ;  and  2,  the  pressure 
which  the  hard  inner  layer  of  the  follicle,  contracted  about  the  root-sheaths, 
exercises  upon  its  contents,  crowding  them  through  the  orifice. 

The  cells  composing  the  deeper  portions  of  the  root  resemble  completely 
those  of  the  rete  mucosum  in  their  chemical  composition.  Acetic  acid  clears 
up  the  protoplasmic  substance  of  the  cells,  and  renders  the  nuclei  more  dis- 
tinct. The  cells  and  their  nuclei  are  dissolved  in  a  short  time  in  weak  pot- 
ash or  soda  solutions,  first  swelling  up. 

In  treating  hairs  with  various  i*eagents  regard  must  be  had  to  their 
strength,  temperature,  and  duration  of  action  (Moleschott,  Vntersuchungen 
zwr  Sraturlehre^  IV.  Bd.  II.  Heft).  In  concentrated  sulphuric  acid,  after  a 
few  minutes  the  hair  cuticle  swells  te  a  greater  diameter  even  than  that  of 
the  hair  itself.  When  warmed  to  40°  to  ftO°  C.  (104°  to  122°  Fahr.)  the  cuti- 
cle  separates  into  ite  component  cells.  This  separation  takes  longer  in  caus- 
tic potash  solution  of  the  strength  of  4.6  pr.  ct.  or  soda  solution  of  3  pr.  ct. 
After  forty  hours  the  outside  layer  appears  as  if  surrounded  by  spines, 
which  are  the  elevated  cuticular  cells  adhering  together  at  their  bases.  The 
cortical  portion  of  the  hair,  which  can  be  dissected  longitudinally  by  mechan- 
ical means,  in  concentrated  sulphuric  acid,  is  separated  into  its  individual 
scales  or  lamell»  (fibre  cells),  from  0.05  to  0.08  millim.  in  length  and  0.01 
millim.  broad,  within  which  thread-like  nuclei,  0.02  to  0.03  millim.  long,  are 
seen.  The  medullary  cells  are  very  distinct  after  several  days'  treatment 
with  a  solution  of  caustic  potash  of  the  strength  of  two  per  cent.  Stronger 
solutions  of  potash  dissolve  the  hair ;  excess  of  acetic  acid  throws  down  a 
precipitate  of  white  fiocculi  which  give  Millon's  and  Fourcroy's  reaotion. 
Very  strong  solutions  dissolve  and  decompose  tiie  hair ;  Huxley's  membrane, 
in  a  caustic  potash  solution  of  4.6  per  cent.,  separates  into  ite  component  cells 
without  their  previously  swelling  up,  in  a  manner  similar  to  the  hair 
cuticle. 

The  hair  follicles  vary  in  length  with  the  length  and  thickness  of  the 
hairs.  Those  belonging  to  the  long  hairs  of  the  head  and  the  large  ones  of 
the  beard  extend  even  into  the  subcutaneous  tissue,  those  of  the  larger  hairs 
of  the  rest  of  the  body  into  the  deeper  portion  of  the  corium,  while  the  papil- 
lae; of  the  finest  downy  hairs  (lanugo)  are  located  in  the  more  superficial 
portion.  They  are  never  inserted  perpendicularly  but  always  form  an  angle 
with  the  surfiskoe.  However  different  may  be  the  length  and  thickness  of  the 
hairs,  the  component  parts  nevertheless  will  always  be  found  as  above  de- 
scribed. 

The  various  hues  of  the  hair  depend  principally  upon  the  pigmentary 
oontente  of  the  hair  cells,  which  either  are  filled  with  a  granular  pigment  or 
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are  uniformly  permeated  with  a  coloring  substance.  But  the  color  of  the 
hair  also  depends  on  small  air  vesicles  which  exist  either  between  the  scales 
of  the  hair  and  the  medullary  cells,  or  within  them. 

Langerhans  asserts  that  the  hair  papilla  is  surrounded  by  a  great  quantity 
of  double- contoured  nerves.  In  chloride  of  gold  preparations  it  can  be 
shown  that  varicose  nerve  fibrillsd,  from  the  non-medullated  fibres  which 
enter  the  papill»  with  the  blood-vessels,  pass  between  the  cells  of  the  root 
and  here  run  parallel  to  the  papilla,  perhaps  as  high  as  its  summit. 

Development  and  Intekchanoe  op  Hair. — The  first  trace  of  the  hair  fol- 
Hcle  and  outer  root-sheath  is  found  in  the  Human  embi7o  at  the  end  of  the 
third  or  banning  of  the  fourth  month,  in  the  form  of  a  nodular  depression 
of  the  surface  of  the  corium  into  which  the  cells  of  the  rete  mucosum  are 
prolonged,  completely  filling  it.  A  digital  prolongation  of  the  cells  of  the 
mucous  layer  is  formed,  having  no  proper  sheath,  but  being  enclosed  by  the 
fibres  of  the  corium.  The  next  step  is  the  development  of  a  short  projection 
from  the  fundus  of  the  former,  which  is  about  half  its  size  and  is  likewise 
formed  of  cells. 

Between  these  cells,  which  are  distinguisbed  from  the  former  by  the  nu- 
cleus being  surrotmded  by  a  small  amount  of  protoplasma,  we  soon  find 
blood-vessels,  and  recognize  this  latter  formation  as  the  beginning  of  the 
hair  papilla,  which,  except  in  the  downy  hairs,  is  marked  by  its  richness 
in  cells. 

Around  the  papilla  thus  formed  spherical  cells  i-apidly  accumulate  which 
distend  the  follicle  deep  down  and  cause  an  excavation  in  the  mucous  depres- 
sion. These  cells  now,  being  transformed  into  long  spindles,  crowd  into  the 
cellular  mass  formed  by  the  inversion  of  the  mucous  layer,  and  press  the 
component  cells  sidewards,  forming  thereby  the  outer  root-sheath.  Those 
around  the  papilla  form  the  root  of  the  hair,  from  which  the  hair  itself  and 
Huxley's  membrane  are  developed.  Those  nearest  the  papilla  become  hair 
cells  and  remain  sofb^  while  those  at  the  apex  of  the  hair,  yet  being  within 
the  outer  root-sheath,  are  homy.  This  condition  of  affairs  has  caused  some 
observers  to  conclude  that  the  point  of  the  hair  was  first  developed  and  the 
root  subsequently  ;  others,  on  the  contrary,  have  thought  that  the  central 
cells  of  this  inverted  portion  of  the  rete  mucosum  were  transformed  into 
hair  oeUs. 

The  peripheral  cells  of  the  hair-root  go  to  form  the  scales  of  Huxley's 
membrane,  which  also  covers  the  end  of  the  hair.  Both  are  seen  for  a  while 
surrounded  above  by  the  cells  of  the  mucous  layer  within  the  outer  root- 
sheath,  and  gradually  this  mucous  layer,  together  with  the  epidermis,  is 
pierced  by  the  growing  hair,  as  is  the  outer  root-sheath,  and  the  point  of 
the  hair  appears  enveloped  by  Huxley's  membrane.  Finally  the  hair 
seems  to  grow  more  rapidly  than  the  latter  and  ultimately  penetrates  this 
also. 

The  development  of  the  hair  follicle  has  not  yet  been  accurately  studied. 

The  first  germ  of  the  hair  does  not  appear  on  all  parts  of  the  skin  at  the 
flune  time,  and  it  seems  that  a  variable  length  of  time  is  requisite  in  differ- 
ent places  from  the  development  to  the  eruption  of  the  hairs.  Those  of  the 
eyebrows  and  the  cilia  first  are  seen,  later  those  on  the  head,  and  those  of  the 
rest  of  the  body  last.  Most  of  the  hairs  are  above  the  surface  by  the  24th 
week.  The  embryonic  hairs  here  described  are  always  downy,  and  have,  ac- 
cordingly, short  follicles.  On  many  parts  this  form  of  hair  remains,  but  on 
others  coarser  hairs  are  subsequently  developed,  taking  the  place  oi  these 
fine  lanugo  hairs.  n 
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Fig.   225. 


When  a  large  permanent  hair,  whose  papilla  will  reach  even  into  the  sub- 
cutaneous cellular  tissue,  is  about  to  take  the  place  of  a  fine  downy  hair, 
whose  papilla  is  located  only  in  the  centre  of  the  corium,  a  lengthening  of 
the  follicle  of  the  downy  hair  must  necessarily  occur.  This  hajtpens,  as 
Kolliker  first  described,  by  the  development  of  a  proloi^ation  of  the  roov 
sheath  into  the  deeper  layers  of  the  corium.  In  the  same  manner  as  in  the 
fii*st  germination  of  the  hair,  a  hair  papilla  is  formed  at  the  fundus  of  the 
epithelial  inversion  around  which  the  cells  of  the  hair  root  collect.  From 
them  the  hair  and  Huxley's  membrane  are  formed,  which  penetrate  between 
the  cells  of  the  epithelial  inversion  and  occupy  the  follicle  together  with  the 
downy  hair.  The  papilla  of  the  latter  seems  to  atrophy  and  the  hair  fells 
out,  leaving  the  large  permanent  hair  in  its  follicle.  This  process  of  inter- 
change of  hairs  probably  takes  place  not  alone  during  the  first  year,  but  re- 
peatedly during  childhood,  while  the  skin  is  increasing  in  thickness. 

The  permanent  hair  gi'ows  to  a  certain  length  which  varies  according  to 

the  individual  and  the  part  of  the  body. 
When  the  hair  has  reached  its  proper  growth 
the  papilla  is  no  longer  capable  of  sustain- 
ing its  weight  and  the  hair  falls  out,  to  be 
i^eplaced  by  a  new  one.  This  is  the  physio- 
logical reproduction  of  hairs,  which  is  typical 
in  Man  and  occurs  periodically  in  the  lower 
animals. 

The  hair  fells  from  a  lack  of  the  produc- 
tion of  new  cells  around  the  papilla.  The 
root  cells  last  formed,  which  are  not  followed 
by  others,  are  now  transformed  into  hair  sub- 
stance and  form  either  a  conical  or  globular 
extremity  consisting  of  the  fibrillated  scales 
of  the  hair.  Most  anatomists,  following 
Henle,  have  described  this  rounded  end  of 
the  falling  hair  as  a  paii;ioulai*  form  of  root, 
Henle's  hair  bulb,  but  without  reason,  for 
this  globular  shape  is  nothing  but  the  end  of 
the  hair  shaft,  which  has  ceased  to  grow. 

The  follicular  sheaths,  which  in  conse- 
quence of  their  muscular  composition  exercise 
a  constant  pressure  upon  the  contents  of  the 
sac,  are  continually  tending  to  crowd  the  hair 
bulb,  together  with  Huxley's  membrane,  out- 
ward, and  contract  in  such  a  manner  as  to 
press  the  vitreous  membrane  directly  upon 
the  papilla,  and,  higher  up,  to  cause  the  walls 
of  the  follicle  to  touch  (fig.  225).  The  new 
hair  is  developed  from  the  old  papilla  (Lan- 
ger*). 

The  hair  is  lost  under  morbid  conditions, 
either  from  the  failure  of  development  of 
new  hair,  or  by  the  production  of  downy  hair 
in  the  place  of  that  which  was  thicker. 


Fig.  225.  Falling  out  of  hair 
aft«r  typhus  fever,  a,  outer,  ft, 
inner  follicular  Bheathn ;  c,  pa- 
pilla of  hair ;  d^  vitreous  mem- 
brane; g,  outer  root-sheath; 
h,  hair  bulb  connected  with  che 
papilla  by  means  of  a  filamen- 
tous band  /;  I,  outer  root- 
sheath  terminating  over  the  hair 
bulb. 


*  Dmksehriftm  der  K.  K.  Akadmie,  1850.    (Fig  191.) 
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c.  Nails — Ungues. 

The  nails  are  homy,  elastic,  translucent,  concavo-convex  flattened  struc- 
tures, which  are  embedded  in  furrows  of  the  skin  on  the  last  phalanges, 
covering  a  large  portion  of  their  surface.  In  the  study  of  the  nails  we  will 
consider,  (1)  the  nail  itself;  (2)  the  portion  of  skin  covered  by  it,  the  nail- 
bed  ;  and,  (3)  the  cutaneous  wall  enclosing  the  nail  on  three  sides — the  fur- 
row, vallecula  unguis. 

There  are  four  borders,  an  anterior  or  free,  a  posterior,  and  two  lateral 
which  are  inserted  beneath  the  skin ;  further,  a  convex  external  surface,  for 
the  most  part  free,  and  a  concave  under  surface  lying  upon  the  nail-bed. 
The  posterior  portion  of  the  nail  inserted  beneath  the  skin  is  its  root ;  the 
rest  is  called  its  body. 

The  surface  of  skin  covered  by  the  nail,  the  nail-bed,  is  divided  into  a 
posterior  portion  covered  by  the  root  of  the  nail,  the  matrix  unguis^  and  an 
anterior  portion,  the  true  nail-bed.  The  skin  bounding  the  edges  projects 
over  the  nail,  fonning  the  sa  called  nail  wall,  and  this  posteriorly  is  the 
broadest,  growing  narrower  anteriorly,  and,  together  with  the  nail-bed,  con- 
stitutes what  is  known  as  the  furrow  of  the  nail.  The  bed  of  the  nail  passes 
over  anteriorly  into  the  skin  of  the  ball  of  the  finger,  and  at  both  sides  and 
posteriorly  it  merges  into  the  under  or  inverted  surface  of  the  wall  of  the 
nail.  It  consists  of  subcutaneous  cellular  tissue,  corium,  and  i*ete  Mal- 
pighiL  The  subcutaneous  tissue  of  the  nail-bed  differs  from  that  of  the 
neighboring  parts  in  its  lack  of  fat,  and  also  in  the  course  of  the  ascending 
connective-tissue  fibres  which  are  directed  backwards  towards  the  root,  and 
which,  moreover,  proceed  from  the  periosteum  of  the  last  phalanges  in 
separate  bundles,  spreading  out  in  tufts  above.  Between  these  bands  there 
ar  3  spaces  filled  with  loose  tissue,  sometimes  containing  a  few  fat  cells,  and 
including  numerous  vascular  loops. 

The  corium  of  the  nail-bed,  in  reference  to  the  direction  of  its  fibres,  is 
similar  to  that  of  other  parts,  only  the  number  of  ascending  fibres  exceeds 
that  in  other  places,  the  reverse  existing  in  tlie  corium  elsewhere.  The 
most  important  difference  between  the  corium  of  the  nail-bed  and  that  of 
the  rest  of  the  body  lies  in  the  arrangement  of  its  surface,  which,  however, 
is  differently  formed  at  the  posterior  part,  which  we  have  designated  as  the 
matrix  unguis,  from  what  it  is  anteriorly  in  the  true  nail-bed.  The  surface 
of  the  matrix,  which  is  situated  somewhat  deeper  than  the  true  nail-bed,  is 
covered  with  papillie,  0.1  to  0.2  millim.  high  and  0.03  to  0.06  millim.  broad, 
placed  lo'ngitudinally  (Henle)  upon  low  ridges  of  the  corium.  The  surface 
of  the  true  nail-bed,  on  the  other  hand,  is  covered  with  from  50  to  90  ridges, 
0.1  or  0.2  millimetre  in  height.  These  elevations,  which  are  continuations 
of  the  wall-like  prominences  of  the  matrix  of  the  nail,  increase  in  height 
towards  the  free  boixler  of  the  nail,  and  at  its  edge  pass  over  into  papille 
which  are  even  0.5  millim.  in  length.  The  projections  consist  for  the  most 
part  of  perpendicular  connective-tissue  fibres  ascending  parallel,  between 
which  are  embedded  numerous  fusifoion  cells. 

The  blood-vessels  form  a  coarse  plexus  in  the  corium  of  the  matrix,  from 
which  loops  enter  the  papillae  ;  in  the  nail-bed  proper,  on  the  contraiy,  the 
network  is  finely  reticulated  and  numerous  large  vessels  ascend  to  the 
ridges. 

In  the  subcutaneous  tissue  of  the  nail-bed  there  are  abundant  meduUated 
nerve  fibres  which  lose  their  medulla  at  about  the  line  of  the  corium  and 
then  ascend  perpendicularly  to  the  surface.     I  once  followed  a  fibre  of  this 
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kind,  in  a  chloride  of  gold  preparation,  as  far  as  the  surface  of  the  cerium, 
from  which,  however,  the  mucous  layer  had  become  separated  in  its  prepa- 
ration ;  I  could  find  no  nerve  fibi-es  in  the  latter.  The  corium  of  the  nail 
wail  on  its  upper  surface  is  like  the  skin  of  the  back  of  the  finger,  and 
that  beneath  (turned  towards  the  nail)  is  smooth  and  has  no  papillsB  nor 
glands. 

The  mucous  layer  of  the  nail-bed  is  in  no  way  different  from  that  of  ihe 
rest  of  the  skin.  It  fills  all  the  depressions  of  the  nail-bed,  therefore  oo- 
cupies  the  spaces  between  the  papilla)  of  the  matrix  and  the  furrows  be- 
twixt its  ridges,  merging  directly  into  the  rete  mucosum  of  the  adjacent 
parts,  that  is,  into  that  of  the  nail  wall.  Ab  the  posterior  angle  of  the  nail 
furrow  the  mucous  layer  of  the  matrix  joins  with  that  of  the  wall  in  such  a 
manner  that  a  cuneiform  portion  projects  into  the  corium,  which  rests  on 
the  periosteum  and  is  firmly  adherent  to  it  by  means  of  short,  firm  conneo- 
tive-tissue  bands. 

The  deepest  cells  of  the  rete  mucosum  of  the  nail-bed  are  cylindrical^ 
the  middle  polygonal,  the  outermost  flattened.  All  of  them  enclose  large, 
clearly  defined  nucleL  The  further  destiny  of  the  cells  of  the  mucous  layer 
of  the  nail-bed  varies.  In  the  true  nail-bed  thej  pass  suddenly,  as  in  other 
locations  on  the  skin,  into  flat  epidermal  scales ;  over  the  matrix  they  are 
gradually  changed  into  the  nail  substance. 

A  vertical  section  dividing  the  nail  into  two  lateral  halves  shows  that  the 
layers  of  nucleated  flattened  cells  over  the  matrix  are  much  thicker  Uian  over 
the  nail-bed  proper,  and  that  over  the  matrix  they  pass  into  the  homy  sub- 
stance of  the  nail  in  an  oblique  furrowed  surface.  The  thickness  of  this 
layer  gradually  decreases  toward  the  extremity  of  the  joint  as  the  thickness 
of  the  nail  substance  increases.  The  boundary  between  the  mucous  layer 
of  the  time  nail-bed  and  the  substance  of  the  nail  is  sharp  and  even,  and  in 
most  cases  there  is  between  them  a  thin  stratum  of  loose  epidermal  cells 
(visible  in  chromic  acid)  which  also  increases  in  thickness  towards  the  free 
border  of  the  nail  (Keichert). 

Fig.  226. 


>^ 
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Fig.  226.  Section  of  a  nail  through  the  true  nail-bed.  a,  nail  subetance ;  b^  loose 
homy  matter  beneath  the  same ;  c,  mucouB  layer ;  d^  divided  ridges  of  the  nail-bed, 
with  injected  blood-TeaselB ;  e^  nail  furrow,  without  papillse ;  /,  homy  layer  of  tlie 
nail  farrow,  extending  over  the  nail ;  g^  cutaneous  papillsB  of  tibie  back  of  finger. 

There  is  no  well-defined  boundary  between  the  mucous  layer  of  the 
matiix  and  the  root  of  the  nail,  the  outermost  flattened  cells  of  the  rete 
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muoosam  of  the  matrix  passing  gradually  into  the  more  and  more  flattened, 
nucleated,  sharply  contoured  nail  cells,  which  are  colored  by  carmine,  these 
again  changing  into  very  flat  scales  in  which  the  nuclei  are  no  longer  visi- 
bla  These  are  further  transformed  into  a  homogeneous,  sliiny,  horn-like 
nail  substance,  not  stained  by  carmine  but  rendered  greenish  in  chromic 
acid.  The  mucous  layer  of  the  under  surface  of  the  nail  furrow  turned  to- 
wards the  nail  is  covered  by  a  layer  of  epidermis  increasing  in  thickness  to- 
wards its  extremity,  which  lies  upon  the  upper  sur£eu»  of  the  nail  but  is 
readily  itimoved  from  it,  and  which  therefore  does  not  participate  in  the 
formation  of  the  nail. 

The  rear  portion  of  the  nail-bed,  which  lies  in  the  nail  furrow  and  is  pro- 
vided with  papillffi,  must  therefore  be  considered  as  the  only  place  of  for- 
mation of  the  nail,  and  is  consequently  rightly  called  the  nail  matrix.  It 
corresponds  to  the  hair  papilla,  while  the  nail  furrow  answers  to  the  hair  fol- 
licle and  directs  the  growth  of  the  nail  anteriorly.  The  nail  cells  increase  in 
breadth  from  below,  but  since  they  cannot  extend  symmetiically  on  account 
of  the  enclosing  walls,  they  must  advance,  pushed  forward  by  the  new  cell- 
production.  For  this  reason  the  nail  cells  have  a  tile-like  arrangement,  the 
upper  covering  the  greater  part  of  the  under,  leaving  only  the  posterior 
border  free  (Viirchow).*  When  the  nail  furrow  is  absent,  as  often  occurs  on 
the  little  toes,  the  nail  increases  only  in  thickness  in  the  form  of  a  homy 
lump,  which  re.aches  a  certain  height  and  then  breaks  off. 

A  suppui-ative  inflammation  of  the  matrix  of  the  nail  leads  to  a  tem- 
poi-ary  or  permanent  loss  of  the  latter,  according  as  it  is  replaced  or  de- 
stroyed entirely.  The  nail  is  formed  from  the  matrix  and  is  pressed  for- 
ward from  behind  over  the  nail-bed.  Suppurative  inflammation  of  the  true 
bed  of  the  nail  does  not  interrupt  its  growth ;  often  the  nail  will  not  touch 
its  bed  at  all  and  yet  preserve  its  normal  thickness. 

The  nail  substance,  which  appears  homogeneous  on  section,  with  at  most 
a  fine  striation,  and  which  refracts  light,  consists  of  epidermal  scales  very 
closely  united,  which  may  be  separated  into  its  elements  by  various  chemical 
agencies.  According  to  Moleschott,  ammonia  dissolves  the  uniting  sub- 
stance in  twenty-four  hours.  The  cells  are  irregularly  polyhedral  and  en- 
close a  round  nucleus.  Ammoniated  copper  in  strong  solution  makes  the 
scales  of  the  nail  polyhedral  in  an  hour  and  a  half,  and  in  two  or  three  hours 
causes  them  to  swell  up  into  an  elliptical  form.  The  nucleus  takes  up  this 
solution  quickly. 

The  best  way  to  procure  isolated  nail  cells  with  distinct  nuclei  is  to  soak 
them  in  a  lye  of  potash  27  per  cent.  The  nail  in  this  becomes  quite  soft 
and  a  thin  section  gives  a  satisfactory  view.  The  body  of  the  nail  is  streak- 
ed longitudinally  and  has  ridges  on  its  surface  which,  however,  must  not  be 
understood  as  impressions  of  the  lines  of  the  nail-bed  (Kolliker),  but  as  a 
consequence  of  the  papillary  structure  of  the  matrix ;  for  the  root  of  the 
nail  also  is  ribbed. 

Development  of  the  Nail. — In  the  third  month  of  foetal  life  an  elevation 
of  the  skin  of  the  last  phalanx  is  noticed,  concave  in  front,  which  corre- 
sponds to  the  furrow  of  the  nail,  and  is  produced  by  the  mucous  layer  send- 
ing out  into  the  corium  a  ridged  projection  on  a  line  parallel  to  this  wall 
This  prominence  consists  of  a  double  or  triple  row  of  epithelial  cells  like 
those  of  the  mucous  layer. 

In  the  fourth  month  there  is  a  double  or  quadruple  row  of  flat,  very 

*  Zur  normal  und  path,  Anat,  der  NageL    Wttrzb.  YerhandL   B.  Y. 
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sharply  defined,  nucleated  cells  between  those  above  described,  which  corre- 
spond to  the  nail  cells.  At  this  time  the  skin  enclosed  by  this  wall,  and 
which  is  to  become  the  bed  of  the  nail,  resembles  completely  that  of  other 
parts.  In  the  fifth  month  these  nail  cells  crowd  forward  between  the  mu- 
cous and  homy  layer  of  the  nail -bed,  so  that  the  newly  formed  nail  is  still 
covered  with  the  homy  layer  and  has  no  free  border. 

When  the  nail  reaches  the  end  of  the  finger,  in  the  sixth  month,  beneath 
the  homy  layer,  it  lifts  this  off  in  the  form  of  a  pouch,  open  posteriorly. 
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CHAPTER  XXVII. 

THE   8EBOTT8  MEMBRAI!7E8« 

By  E.  KLEIN. 

Sebous  membranes  in  general  are  composed  of  an  endothelium,  a  basis 
substance,  lymph-vessels,  blood-vessels,  and  nerves. 

a.  Endothelium. 

All  serous  membranes  carry  on  their  fi*ee  surfaces  a  single  layer  of  cells  ; 
the  Mesentery,  the  serous  portion  of  the  Diaphragm,  and  to  a  certain  extent 
the  external  layer  of  the  Pericardium  possess  accordingly  an  endothelium  on 
both  surfaces,  while  the  Peritoneum  parietale,  the  Pleura,  the  visceral  layer 
of  the  Pericardium,  and  the  Dura  Mater  possess  it  only  on  the  stirface  which 
is  turned  towards  the  serous  cavity.  As  regards  the  Pericardium,  I  would 
state  that  the  cellular  covering  of  its  outer  surface  is  an  imperfect  one ;  in 
the  Rabbit,  the  Cat,  and  the  new-bom  Infant  it  extends  over  a  large  part,  in 
the  Guinea-pig  over  the  largest  part  of  the  outer  surface. 

According  to  Bohm  (1)  the  Dura  Mater  possesses  an  outer  cellular  covering 
only  in  the  Rabbit. 

In  the  Triton  and  Frog  small  ciliated  pavement  cells  are  foimd  scattered 
either  singly  or  in  groups  among  the  non-ciliated  cells  on  the  Peritoneum 
parietale,  the  Mesentery,  and  also,  in  the  latter  animal,  on  the  peritoneal 
surface  of  the  septum  (2)  of  the  Cystoma  magna. 

The  individaaJ  cells  are  somewhat  flattened  in  shape,  and  possess  a  round 
or  oblong  nucleus,  situated  often  eccentrically :  the  transverse  diameter  of 
the  nucleus  is  usually  greater  than  that  of  the  cell  itself,  so  that  at  the  point 
where  it  lies  it  causes  the  superposed  layer  of  cell-substance  to  bulge  out- 
wards. As  a  rule,  the  more  regular  the  shape  of  the  cell,  the  more  perfectly 
round  will  be  the  form  of  the  nucleus.  The  endothelial  cells  are  quite 
uniformly  polyhedral  in  the  Mesentery  of  the  Rabbit  and  new-born  Infant, 
in  that  portion  of  the  Peritoneum  of  the  Frog  and  Cat  which  covera  the 
stomach  and  the  intestine,  and  on  the  thoracic  side  of  the  Centrum  tendi- 
neum  of  the  Guinea-pig. 

The  cells  are  most  irregular  in  shape  in  the  Mesentery  of  the  Frog,  and 
also  to  a  certain  extent  in  that  of  the  Cat ;  they  here  almost  always  possess  an 
irregular  form,  and  consist  of  more  or  less  elongated  plates,  which  are  always 
provided  with  sinuated  borders ;  hence  the  boundary-line  between  any  two 
adjacent  cells  is  characterized  by  several  larger  and  smaller  curves.  The 
long  diameters  of  the  elongated  cells  of  both  surfaces  cross  each  other  in  the 
same  manner  as  do  the  cells  of  the  opposite  walls  of  a  larger  lymph -vessel. 

The  nucleus  of  these  endothelial  cells  very  rarely  occupies  a  central  posi- 
tion ;  it  is  usually  oblong  in  shape,  and  at  the  same  time  shows  depressions 
either  throughout  its  whole  sur£etce  or  only  over  one-half  of  it.  It  is  not  a 
rare  circumstance  to  find  elongated  cells  with  several  projections  at  both 
poles,  and  containing  two  nuclei. 
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In  the  Pleura,  the  Pericardium,  and  the  Centrum  tendineum  of  the  Dia- 
phragm there  are  found,  in  addition  to  the  cells  of  irregular  polyhedral  shape, 
othera  which  possess  a  more  or  less  irregular  form — ^triangular,  oblong 
quadrangular,  and  elongated  cells  of  irregular  shape.  As  to  the  size  of  the 
individual  cells  and  the  character  of  their  outlines  there  also  exists  the  greatest 
variety.  At  one  time  they  will  be  found  of  equal  size  over  quite  a  large 
extent ;  at  another,  groups  of  absolutely  small  cells  will  be  found  among  a 
few  large  ones ;  in  these  places  transitional  forms  between  the  two  nuty  or 
may  not  exist.  These  last-mentioned  relations  may  be  seen  beautifully  ex- 
hibited in  the  Peiicardium  of  the  Cat,  also  in  the  Pleura  intercostalis  (5),  and 
over  the  lymph- vessels  on  the  abdominal  side  of  the  Peritoneum  (4).  As 
regards  the  boundary  outlines  of  the  endothelial  cells,  their  form  in  silvered 
preparations  differs  in  differ^it  places :  in  the  Mesentery  of  the  Frog  and 
Cat,  on  the  abdominal  side  of  the  Centrum  tendineum,  above  the  fimret 
of  which  we  shall  speak  hereafter,  and  also  in  certain  spots  on  the  inner 
surface  of  the  external  pericardial  layer  of  the  Rabbit,  the  contours  of  the 
endothelial  cells  follow  a  very  marked  serpentine  course ;  the  same  outlines, 
though  not  so  decided  in  character,  may  also  be  seen  in  certain  spots  of  the 
Pleura  and  on  the  thoracic  side  of  the  Diaphragm.  It  is  worthy  of  mentioa 
that  in  silvered  preparations  the  cell-contours  are  much  more  delicate  over 
the  (hereaftcr-to-be-mentioned)  broad  fissures  on  the  abdominal  side  of  the 
Centrum  tendine\im  and  over  the  lymph-vessels  of  tlie  Pleura  (5)  than  in 
the  intermediate  places. 

The  aiTangement  of  the  endothelial  cells  is  either  a  ^mf4e  juxtapositioA 
of  polyhedral  cells,  or,  where  they  are  elongated  in  shape,  they  fit  into  eack 
other  with  their  drawn-out  ends ;  or  they  may  be  arranged  in  groups  of  from 
four  to  ten,  like  radii  around  a  common  centre.  This  last  arimn^ment  may 
be  observed  on  the  abdominal  (6)  as  well  as  the  thoracic  side  of  the  Centrum 
tendineum  of  the  Diaphi<agm,  on  the  Mesentery,  on  the  abdominal  surfroe 
(7)  of  the  septum  of  the  Cystoma  lymphatica  magna  of  the  Frog,  on  the  Pleura 
(8),  and  on  the  inner  and  outer  sur&oes  of  the  Pericardium  of  the  Rabbity 
Cat,  and  Man,  and  also  on  the  Dura  Mater  of  the  Rabbit  (9). 

In  the  centre  of  these  groups  of  endothelial  cells  there  are  found  one  or 
even  several  (2  and  3)  ahai'ply  outlined,  round,  or  triangular  spots  of  raiy* 
ing  size,  which,  since  the  time  of  Recklinghausen's  and  Oedmansou^s  dis- 
coveries, have  been  looked  upon  as  openings  between  the  endothelial  etSk 
— the  so-called  stomcUa,  Then  again  in  these  same  localities  we  find  groapa  of 
endothelial  cells  arranged  in  a  radiating  manner,  in  whose  centre  the  sto- 
ma ta  referred  to  above  are  wanting. 

In  silvered  preparations  we  find  between  two  or  more  endothelial  oeUs 
smaller  spots  of  variable  size,  which  occur  either  singly  or  in  groupa^  and 
whose  outlines  are  always  sharply  drawn.  In  some  places,  moreover,  it  is 
almost  impossible  to  decide,  owing  to  the  absence  of  nudei  and  the  presence 
side  by  side  of  figures  of  such  varioiw  sizes,  what  should  be  considered  as  a 
stoma  and  what  as  a  smaller  endothelial  cell.  In  view  of  these  facta,  inves- 
tigators have  all  maintained  that  silvered  preparations  did  not  afford  an 
actual  proof  of  the  existence  of  openings  between  the  endothelial  oelk. 
The  places  referred  to,  however,  are  assumed  to  be  stomata,  on  the  ground  of 
Recklinghausen's  experiments  (10),  which  werealao  repeated  by  Ludwi^aftd 
Schweigger-Seidel,  by  Dybkowsky,  by  Schweigger-Seidel  and  Dogiel,  aiid  by 
Bohm.  Moreover,  the  presence  of  stomata  is  clearly  indicated  by  the  aaooeis- 
fiil  injections  of  Dybkowsky  (see  fig.  8.  of  his  treatise). 

From  an  histological  stand-point  we  can,  strictly  leaking,  consider  aa 
stomata  only  those  small  figures  which  are  found  in  the  centre  of  a  rwiiai- 
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ing  group  of  relative] j  large  endothelial  oelJs ;  in  8uch  places  we  can  with 
a  little  care  uaually  iktd — a«  did  Schweigger-Seidel  and  Dogiel  (10)  on  the 
abdominal  surfaoe  of  the  septum  of  the  Cystema  lymphatica  magna — the 
nucki  of  the  cells  that  bound  the  stoma  in  question  lying  at  the  |)eriphei7y 
doae  to  the  stoma.  All  the  other  small  figures,  whether  they  appear  in 
groups  or  singly,  very  probably  represent  young  cells,  which,  by  the  process 
of  subdivision,  have  come  from  larger  endothelial  cells.  Tlie  following 
circumstances  favor  this  view :  the  appeai'ance  in  the  Mesentery  of  the  Frog 
of  endothelial  cells  with  two  nuclei,  and  the  discoveiy  of  nuclei  which 
are  on  the  eve  of  subdivision  by  constriction ;  the  peculiar  irregular  shape  of 
these  endothelial  cells,  which  look  very  much  as  if  during  life  they  had 
undei^gone  changes  in  form ;  the  fact,  as  stated  above,  that  in  some  places 
aeveiml  small  cells  are  found  inserted  between  some  of  the  larger  ones ;  and, 
finally,  the  discovery  of  Ludwig  and  Schweigger-Seidel,  that  on  the  abdom- 
inal side  of  the  Centrum  tendineum  of  the  Babbit  all  stages  of  nucleus-sub- 
division  may  be  observed  in  the  endothelial  cells.  Ludwig  and  Schweigger- 
Seidel  consider  these  groups  of  cells,  which  have  emanated  from  the  endo- 
thelial odls  by  the  process  of  subdivision,  as  Jymph  corpuscles. 

The  Omentum  majus  of  the  Cat  consists  of  a  very  ornamental  connective^ 
tissue  framework  containing  openings,  which  are  found  to  diminish  in  size  as 
we  approach  the  piincipal  trabecule,  those  namely  that  cairy  the  vessels. 
The  endothelium  adapts  itself  perfectly  to  every  part  of  this  framework. 

The  beat  methods  to  employ  in  the  investigation  of  the  cellular  coverings 
are  the  w^-known  silver  method  and  maceration  in  iodized  serum. 

b.  Basis  Tissue. 

The  stroma  of  serous  membranes  conosts  of  connective  tissue  and  elastic 
tissue.  The  former  is  composed  of  wavy  fibres  collected  together  into 
bundles,  which  generally  form  a  beautiful  mesh  work;  these  interweaving 
bundles  pursue  a  varying  course,  and  in  some  places  form  more  solid  trabe- 
cuke,  in  which  Urger  blood  and  lymph  vessels  and  nerve  ti-uuks  lie  embedded. 
The  same  disposition  of  the  connective  tissue  may  be  seen  in  the  Mesentery, 
in  the  delieate  basis  membrane  whidi  in  the  Pleura  lies  beneath  the  epithe- 
lium (12),  and  in  that  of  the  abdominal  and  thoracic  sides  of  the  Centrum 
fendineuuu 

In  other  places  the  connective-tissue  stroma  manifests  a  more  tendinous 
efaaracter — as,  lor  example,  in  the  Centrum  tendineum,  which  in  the  Babbit 
coiinsts  of  two  layers,  a  circular  on  the  tlioi-acio,  and  a  radiating  (13)  on 
tlie  abdominal  side ;  in  the  Pericardium,  to  a  certain  extent ;  in  the  deeper 
iftjers  of  the  Pleura  interoostalis,  and  in  the  Dura  Mater. 

With  this  connective-tissue  meshwork  is  interwoven  a  close  network  of 
dfliieate  elastic  fibres,  which  run  mostly  in  a  straight  or  slightly  curved 
line,  more  rarely  in  a  strongly  curved  or  serpentine  course.  The  bulk  of 
these  plexuses  of  elastic  fibres — which,  it  should  be  mentioned,  may  lie  in 
more  than  one  plane — is  veiy  variable :  it  is  greatest  in  the  Mesocolon  of 
lijMinials  and  Man,  and  in  the  Mesentery  of  the  Guinearpig ;  it  is  always 
abundant  in  the  Mesentery  of  the  Frog  and  Mammals,  in  the  Pleura,  in  the 
Perieaxdium,  in  the  basis  membrane  which  covers  the  circular  layer,  and  also 
in  thai  covering  the  radiating  layer  of  the  Centrum  tendineum  of  the  Dia- 
pbmgni. 

Adipose  tissue  occurs  in  larger  or  smaller  masses  in  the  Mesentery  and 
Pericardium ;  in  the  former  locality  it  is  generally  found  only  in  the  larger 
trabecule  (and  their  branches),  which  run  in  a  radiating  direction  from  ^e 


Digitized  by 


Google 


572  THE   SERTIUS   MEMBRANES. 

root  of  the  Mesentery  to  the  intefitine,  and  correspond  to  the  ramificationB  of 
the  larger  blood-vessels.  As  in  all  oonnective-tissue  organs,  so  here  too,  numer- 
ous cellular  elementfi  are  found  scattered  among  the  fibres.  These  are  of  differ- 
ent kinds  :  in  the  first  place  there  are  branching  cells  with  rounded  nuclei, 
which  by  means  of  numerous  simple  or  branching  protoplafima-processes  con- 
stitute a  close  network ;  there  are  also  larger  and  smaller  rounded  or  irregu- 
larly shaped  granular  masses  of  protoplasm,  each  of  which  possesses  one  or 
more  nuclei ;  then  there  are  spindle-shaped  granular  cells,  with  round  or  ob- 
long nuclei  (these  are  frequently  seen  between  the  straighter  connective-tissue 
bundles  of  the  middle  layer — radiating  and  concentric  layer— of  the  Centrum 
tendineum,  in  the  deeper  layers  of  the  intercostal  Pleura,  in  the  outer  layer 
of  the  Pericardium,  and  in  the  Dura  Mater) ;  finally,  wandering  cells  are  idao 
found  here.  The  substance  of  the  Peritoneum,  in  many  Vei-tebrates,  con- 
tains bundles  of  smooth  muscular  fibres,  which  either  occur  separately  or  are 
united  in  the  form  of  a  network ;  these  are  especially  abundant  in  the  Mes- 
entery of  the  Triton  and  Frog;  they  are  also  present,  though  in  smaller  num- 
ber, in  Mammals ;  at  the  same  time  even  here  spots  may  be  found  where  the 
muscular  fibres  occur  in  large  numbers,  as  for  instance  in  the  peritoneal 
covering  of  the  Rabbit's  stomach. 

For  the  study  of  the  fibrous  elements  of  serous  membranes,  sections  of 
objects  hardened  in  chromic  acid  will  be  found  to  answer  the  purpose  best 
(Pleura,  (14)  Diaphragm(  15)  ),  or  surface  views  of  portions  either  of  fresh  ob- 
jects or  of  such  as  have  been  previously  placed  in  the  Bichromate  of  Potassa 
(Mesentery,  Pericardium).  For  the  study  of  the  cellular  elements  we  possess 
in  the  chlonde  of  gold  a  most  excellent  reagent;  at  the  same  time  fresh 
specimens  may  also  be  studied  to  advantage. 

c.  Lymph-vessels. 

The  existence  of  serous  canaliculi  in  the  connective  tissue  of  serous  mem- 
branes has  been  denied  by  Dybkowsky,  Bchweigger-Seidel,  Ludwig  and 
Schweigger-Seidel ;  Bohm  alone  has  found  them  on  the  internal  surfaoe  of 
the  Dura  Mater.  In  opposition  to  Schweigger-Seidel's  (13)  statement,  that 
the  appearances  which  we  recognize  as  serous  canaliculi  are  an  artificial 
production  in  the  layer  of  albuminoid  glue-substance  which  separates  the  en- 
dothelium from  the  basis  tissue,  Bohm  maintains — ^what  is  now  a  well-estab- 
lished fsLCt — that  in  some  cases  the  endothelium  may  still  be  seen  in  a  state 
of  perfect  preservation  above  the  outlines,  in  the  basis  tissue,  of  the  serous 
canaliculi.  In  all  the  serous  membranes  that  I  have  examined  (the  Mesen- 
tery of  the  Triton,  Frog,  Rabbit,  Guinea-pig,  Cat,  and  Man :  the  Peritoneum 
parietaleof  the  Frog,  Rabbit  and  Man ;  the  Pericardium,  Pleura  and  Centrum 
tendineum — on  the  thoracic  as  well  as  on  the  abdominal  side — of  the  Rabbit, 
Guinea-pig,  Cat,  and  Man)  I  have  been  able  to  verify  in  every  respect  the 
statements  made  by  Yon  Recklinghausen  concerning  serous  canaliculi  (see 
figs.  77  and  78  of  Chap.  VIIL). 

According  to  Dybkowsky  the  Pleura  costalis  possesses  lymph- vessels  only 
in  those  portions  which  lie  next  to  the  musculus  stemooostalis  in  an  inter- 
costal space ;  here  the  lymph  capillaries  form  close  networks,  which  empty 
their  contents  into  the  small  valved  trunks  that  run  along  the  border  of  the 
intercostal  space.  The  capillary  plexuses  are  arranged  chiefly  in  two  layers : 
the  one,  which  is  situated  superficially,  fills  up  the  interstices  in  the  basis 
membrane,  and  the  calibre  of  its  vessels  is  separated  from  the  cavity  of  the 
Pleura  by  only  the  endothelium ;  the  stomata,  moreover,  which  are  found 
between  the  endothelial  cells,  lead  directly  into  lymph- vessels  of  tiiis  layer 


Digitized  by 


Google 


LYMPH-VESSELS   OF   8EAOUS   MEMBRANES.  573 

(19) ;  the  other  layer  is  situated  deeper  down,  being  separated  from  the  first 
by  a  mass  of  connective  tissue  whose  bundles  run  parsdlel  with  the  plane  of 
the  Pleura;  both  layers  anastomose  frequently  one  with  the  other.  That 
portion  of  the  Pleura  which  covers  the  ribs  possesses  no  lymph-vessels 
whatever.  The  mediastinum  possesses  lymph-vessels  only  in  those  spots 
where  adipose  tissue  is  deposited  between  its  layers. 

In  t)ie  outer  layer  of  the  Pericardium  the  lymph  capillaries  form  a  close 
network  which  lies  near  to  the  inner  surface  and  receives  serous  canaliculi 
from  all  parts  of  the  basis  substance.  In  the  Centrum  tendineum  of  the 
Rabbit  there  exists,  according  to  Ludwig  and  Schweigger-Seidel,  a  system 
of  broad  lymph  pathR,  which  are  embedded  in  the  radiating  layer  of  fibres 
and  nin  parallel,  side  by  side ;  they  are  lined,  moreover,  with  an  endothe- 
liiun,  and  are  covered  by  the  basis  membrane  of  the  abdominal  side.  This 
membrane  consists  of  broader  bands,  that  correspond  to  the  spaces  interven- 
ing between  the  fissures,  and  of  more  delicate  coi-ds  which  stai-t  from  the 
bands  and  form  a  beautiful  meshwork  even  over  the  fissuies  (20). 

From  these  fissures,  which  belong  to  the  lymphatic  system,  canals  lead  to 
the  thoracic  side  of  the  tendon,  where,  between  the  Pleura  and  the  circular 
layer,  there  exists  a  beautiful  close  network  of  lymph  capillaries ;  this  net- 
work  pours  its  contents  into  broad,  valved  lymph- vessels,  which  also  are 
located  on  the  thoracic  side. 

In  the  Centrum  tendineum  the  plexuses  of  lymph  capillaries  are  most 
richly  developed  posteriorly.  In  addition  to  these  statements  of  Ludwig  and 
Schweigger-^idel  it  should  be  mentioned  that  in  the  Eabbit,  Man,  and  Cat, 
but  especially  in  the  Guinea-pig,  it  appears  that,  by  the  aid  of  the  silver 
method,  a  richly  developed  system  of  serous  oanaliculi  and  lymph  Hpaces, 
lined  with  endothelium,  may  be  proved  to  exist  in  the  delicate  basis 
membrane  both  of  the  abdominal  and  of  the  thoracic  side  of  the  tendon. 
On  the  abdominal  side  of  the  Centrum  tendineum  of  the  Guinea-pig  we  find 
that  from  the  trabecul»  of  the  basis  membrane,  in  which  blood-vessels  and 
nerve-trunks  may  be  recognized,  smaller  cords,  corresponding  to  the  rami- 
fications of  the  blood-vessels,  &re  given  off  in  a  pretty  straight  line,  and 
enclose  large  broad  spaces,  which  are  Uned  with  endothelium.  (See  fig.  78 
of  this  book.) 

These  lymph  spaces  receive  from  all  sides  the  short,  fissure-like  serous 
canaliculi,  and  also  longer  narrow  canals,  which  follow  the  coui'se  of  the  blood- 
vessels and  nerve-trunks,  and  may  even  become  developed  in  the  adventitia 
of  the  former,  and  broad  connective-tissue  sheath  of  the  latter. 

These  very  broad  lymph  spaces  communicate  with  the  epithelium-lined 
fissures  which  lie  between  the  fibi'es  of  the  tendinous  tissue. 

In  the  Mesentery  the  larger,  valved  lymph-vessels  are  situated  in  the 
principal  trabecul»,  which  run  in  a  radiating  direction  from  the  root  to  the 
intestinal  margin  of  the  Mesentery:  these  larger  vessels  receive  from  all 
sides  lymph  capillaries  of  varying  breadth,  which  (in  the  Mesentery  of  the 
Frog)  originate  partly  from  rounded  or  oblong,  broad,  epithelium-lined  lymph 
seas,  and  partly  from  the  serous  canaliculi  direct.  The  lymph  seas  have 
their  roots  in  the  rhombic,  stellate,  or  fissure-like  serous  canaliculi,  and  are 
situated  in  the  midst  of  smaller  connective-tissue  cords,  which  are  stretched 
across  between  the  principal  radiating  trabecules  and  anastomose  with  each 
other  by  means  of  numerous  smaller  bundles  of  arching  fibrils. 

In  the  Mesentery  of  the  Frog,  and  also  on  the  abdominal  f>ide  of  the  Cen- 
trum tendineum  of  the  Guinea-pig,  blood-vessels  and  nerve^trunks  may  be 
distinctly  seen,  in  some  places,  lying  embedded  in  lymph  spaces ;  while  in 
others  they  are  simply  accompanied  on  both  sides  by  lymph  capillaries^ 
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We  should  also  mention  the  fact  that  in  the  Adventitia  both  of  the  blood- 
and  larger  valved  lymph- vessels  of  the  Frog's  Mesentery,  very  beautiful 
markings  are  met  with  (in  silvered  preparations),  which  present  the  strong- 
est resemblance  to  the  markings  of  serous  canaliculi. 

For  the  study  of  the  lymph-vessels  in  serous  membranes  the  silver-impreg- 
nation method  answers  well,  either  in  unpencilled,  or,  better  still,  in  pen* 
eilled  objects ;  the  vessels  may  also  be  injected  from  the  serous  cavity. 

Further  details  on  this  subject  may  be  obtained  in  the  works  of  Reckling- 
hausen, Dybkowsky,  Ludwig,  and  Schweigger-SeideL 

d.  Blood-vessels. 

In  the  Pleura  intercostalis  and  stemocostalis  the  blood  capillaries  form, 
as  Dybkowsky  has  shown,  broad  meshes,  their  larger  stems  following  tkte 
same  course  as  the  lymph-vessels.  The  capillaries  of  the  Pleura  anastomose 
freely  with  those  of  the  fascia,  down  even  to  the  muscles.  That  portion  of 
the  Pleura  which  covers  the  ribs  appears  often  to  be  more  richly  provided 
with  blood  capillaries.  In  the  parietal  layer  of  the  Pericardium  the  larger 
blood-vessels  enter  from  without  and  break  up  near  the  inner  surface  into  a 
pretty  close  network  of  capillaries. 

In  the  Mesentery  the  smaller  and  smallest  vessels  are  given  off  like  the 
branches  of  a  tree  from  the  larger  radiating  trunks,  and  finally  break  up  into 
a  broad-meshed  capillary  network  beneath  both  surfaces. 

In  the  Centrum  tendineum  of  the  Rabbit  l^e  large  vessels,  according  to 
Ludwig  and  Schweigger-Seidel,  usually  penetrate  beneath  the  serosa  from 
the  thoracic  side — moi-e  rarely  fix>m  the  abdominal  side;  the  finer  twigs 
pierce  the  tendinous  basis  tissue  and  penetrate  as  far  as  to  the  fissures  which 
lie  between  the  fibres  of  the  radiating  fibrous  layer ;  here  these  vessels  seem 
to  be  attached  to  the  margins  of  the  fissures,  not  by  their  Adventitia,  but  by 
a  delicate  membrane  which  covers  them.  In  the  delicate  basis  membrane 
both  of  the  thoracic  and  of  the  abdominal  side  the  capillaries  form  broad- 
meshed  networks. 

According  to  Recklinghausen  (21)  and  Bohm  (22)  the  blood-vessels  of 
the  J)ura  Mater  are  peculiar  in  this  respect :  they  form  on  the  outer  surface 
of  the  membrane  a  venous  network  whose  branches  ara  disproportionately 
broad.  In  the  Dog,  in  particular,  the  venous  branches  unite  between  the 
arteries  to  form  large  sinuated  spaces.  Bohm  has  seen  these  venous  net- 
works successfully  injected  from  the  inner  surface  of  the  Dura  Mater,  and 
concludes  from  this  circumstance  that  an  open  communication  exists  between 
the  veins  of  the  external  surface  of  the  Dura  Mater  and  the  oavitas  serosa 
cranii. 

The  blood-vessels  may  be  studied  even  in  their  finest  ramifications, 
either  from  injected  preparations  or  from  those  whidi  have  been  treated 
with  silver  or  the  chloride  of  gold ;  the  latter  method  of  preparation  is  some- 
times so  satisfactory  that  we  can  dispense  with  the  injection  altogether. 

e.  Nerves. 

The  nerves  of  serous  membranes  have  been  investigated  but  little.  Ao- 
cording  to  Cyon  (23)  the  nerve  fibres,  which  are  distributed  over  the  sep- 
tum separating  the  abdominal  cavity  from  the  Cystoma  lymphatica  of  the 
Frog,  are  doubly  contoured  and  surrounded-~either  singly  or  two  or  t^ree 
together — ^by  a  separate  sheath.  After  frequent  subdivision  they  become 
non-medullated  in  character  and  exhibit  in  their  course  nucleated  swellings. 
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Broad  nucleated  fibres  possessing  a  distinctly  fibrillated  structure  may 
also  be  seen  in  those  places  where  the  bundle  of  nerve  fibres  appears  to  be 
spread  apart. 

The  individual  fibres  frequently  intercross  and,  in  some  places,  are  even 
wound  around  each  other ;  they  finally  form  a  network  with  broader  and 
narrower  meshes,  which  are  mostly  rhombic  in  shape.  According  to  Cyon 
this  network  does  not  represent  the  termination  of  the  nerve  fibres :  on  the 
contrary,  they  extend  free,  he  says,  into  the  substance  of  the  membrane. 

In  the  Mesentery  the  entering  trunks  are  composed  of  medullated  fibres ; 
they  accompany  singly  or  in  pairs  the  larger  blood-vessels.  Both  the  trunks 
and  the  individual  fibres  pursue  a  markedly  toi'tuous  course. 

The  few  branches  that  are  given  off  laterally  consist,  a  certain  distance 
from  the  main  trunk,  of  one  or  two  non-medullated  fibres,  which  also  pos- 
sess the  characteristic  protuberant,  oblong  nuclei.  The  individual  non-me- 
dullated fibres  finally  form  a  network  with  rhombic  meshes ;  this  network, 
especially  in  and  near  the  Adventitia  of  the  larger  blood-vessels,  is  quite 
doae,  displaying  at  its  nodal  points  oblong  nuclei. 

In  the  Serosa  of  the  abdominal  side  of  the  Centrum  tendineum,  I  have 
gone  no  £Eiriher  than  to  demonstrate  the  esdstenoe  of  some  larger  trunks 
consisting  of  non-medullated  fibres.  These  trunks  possess  nodular  swell- 
ings and  offer  the  same  peculiarity  that  is  exhibited  in  a  beautiful  manner 
in  some  parts  of  tlie  Mesentery,  %,  e,  they  appear  to  be  separated  from  the 
adjacent  tissues  on  both  sides  by  a  pretty  broad  lymph  space. 

In  the  study  of  the  nerves  the  silver-impregnation  process  may  be  used, 
or,  still  better,  the  well-known  method  of  staining  with  gold. 
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CHAPTER  XXVIII. 

THE  MAMMABT   GLAND. 
BY  0.  LANGEB. 

We  rarely  meet  with  a  mammary  gland  that  is  completely  matured,  and 
capable  of  performing  its  functions,  until  the  Female  has  arrived  at  the 
end  of  gestation ;  at  this  period  it  consists  of  a  system  of  arborescent 
ducts  bearing  upon  their  extremities  club-shaped  glandular  vesicles.  The  main 
excretory  ducts,  numbering  from  fifteen  to  twenty,  are  minute  little  tubes 
opening  singly  into  the  nipple.  Before  reaching  this  outlet  and  while 
still  within  the  limits  of  the  areola  they  establish  broad  and  variously  sac- 
culated receptacles  corresponding  with  the  diverticula  given  off.  These  ducts 
also  send  occcusional  recurrent  branches  under  the'  areola  to  collect  the 
secretion  of  the  little  glandular  bodies  stored  there.  Still  it  occasionally 
happens  that  the  glandular  bodies  send  their  own  little  excretory  ducts 
to  the  surface^  where  they  also  discharge  within  the  limits  of  the  areola 
through  small  prominences  patterned  after  the  nipple  (glandul»  aberrantes 
of  Montgomery).  If  it  be  really  true  that  the  branches  of  one  duct  form 
anastomoses  with  the  corresponding  branches  of  another  duct,  this  is  not  to 
be  regarded  as  a  constant  phenomenon,  but  merely  one  that  occurs  in  the 
vicinity  of  the  receptacles. 

The  terminal  vesicles  are  very  closely  crowded  together  and  constitute 
little  lobules ;  on  the  under  surface  and  at  the  circumference  of  the  gland 
they  are  given  off  in  pairs  from  the  forked  branches  of  a  duct ;  in  the  centre 
of  the  gland,  however,  and  under  the  areola  they  represent  separate  little 
masses^  which  often  enough  are  lodged  immediately  on  the  wall  of  a  large 
duct.  These  little  lobules  never  unite  in  foi-ming  larger  lobes,  nor  is  the 
entire  gland  subdivided  into  large  lobes  corresponding  to  each  separate 
excretory  duct.  The  reason  of  this  is  that  the  glandular  stroma  is  essen- 
tially a  connective-tissue  body,  whose  texture  is  firm  and  inseparable  through- 
out, excepting  only  at  the  periphery  ;*  at  tliis  point  the  web  is  looser,  for 
the  purpose  of  enveloping  the  glandular  lobules  and  separating  them  from 
one  another.  Thin  prolongations  of  the  stroma  are  given  off  from  the 
circumference  and  upper  surface  of  the  organ  and  are  continuous  with 
the  subcutaneous  connective  tissue,  forming  with  it  niches  and  meshes 
which  receive  the  fat  surrounding  the  gland.  Accordingly,  the  nipple 
is  the  only  point  where  firm  gland-substance  is  in  immediate  connection 
with  the  skin ;  here  and  imder  the  areola  there  is  absence  of  fatty  tissue ; 
in  place  of  it  we  find  a  stout  layer  of  smooth  muscular  fibres. 

The  structure  of  the  excretory  ducts  is  very  simple :  first  of  all,  the  walla 
consist  of  a  finely-fibrillated  connective  tissue ;  on  the  outer  side  this  is 
denser  than  within,  and  the  arrangement  of  the  fibrillse  is  circular;  on 
the  extreme  outer  border  elastic  fibres  are  frequently  interwoven :  in  the 
second  place,  they  have  no  proper  muscular  system :  fijially,  the  epithelium 
consists  of  small  cylindrical  cells.  The  larger  ducts,  when  they  are  no 
longer  furnished  with  cells,  collapse  and  the  walls  are  necessarily  thrown 
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into  folds,  so  that  when  seen  in  transverse  section  they  have  stellate  or 
iodented  outlines. 

Glandular  vesicles,  like  glandular  ducts,  have  but  one  layer  of  epithelial 
cells ;  these  at  the  fundus  are  short  and  polyhedral ;  at  the  outlet  they  are 
somewhat  taller  and  sometimes  encroach  upon  the  calibre.  The  entire  cavity 
of  the  vesicles  is  filled  with  fat  globules — ana- 
tomical elements  of  the  milk — and  though  these 
receptacles  may  easily  be  emptied  of  their  con- 
tents, yet  a  number  of  the  little  drops  always 
I'emain  adherent  to  the  epithelium  and  some  are 
even  found  arranged  in  rows  between  the  nuclei. 
In  Women  that  have  died  shortly  after  child- 
birth, the  glandular  vesicles  have  occasional  milk 
corpuscles  only  and  these  are  deposited  between 
the  tightly  packed  epithelial  cells.  If  the  fatty 
matter  be  removed  from  the  contents  of  the 
vesicle  by  means  of  ethereal  oil,  we  observe  a 
curdled  caseous  substance  remaining  which  is 
spread  out  in  the  form  of  a  network,  traversing 
tae  acinus  in  all  directions.  The  meshes'coi- 
respond  to  the  destroyed  fat-globules. 

Another  element  in  the  paiietes  of  the  gland- 
ular vesicles  is  a  reticulated  connective  tissue. 
The  cellular  components  of  this  tissue,  pro- 
vided with  nuclei  and  processes,  form  a  little 


basket  which  confines  the  acinus,  and   is  seen 


Fig.  227.  Transverse  sec- 
tion through  the  terminal 
vesicles  of  the  gland  in  a 
nurse,  showing  the  blood- 
vessels. System  No.  8.  Hart- 
nack. 


Fig.  22«. 


when  the  epithelium  is  removed :  such  struct- 
ural elements  have  already  been  demonstrated 
in  the  lachrymal  and  parotid  glands  (Boll*). 
The  connection  of  this  network  with  the  interalveolar  cords  can  be  readily 
shown ;  notwithstanding,  I  was  unable  to  establish  positively  whether  out- 
runners were  given  off  to  the  epithelial  cells  or 
between  them.  There  is  still  another  question 
as  to  the  relations  of  this  network  to  the  appa- 
rently structureless  membrane  which  is  exposed 
after  macerating  the  lobules.  This  question  I 
shall  be  obliged  to  leave  unanswered. 

The  large  vascular  trunks  are  all  distributed 
in  the  subcutaneous  connective  tissue ;  it  is  only 
the  smaller  vessels  that  penetrate  the  organ, 
which  they  do  at  the  under  suiface :  the  largest 
of  these  latter  vessels  pierce  toward  the  nipple, 
furnishing  branches  at  intervals  to  the  gland- 
substance  and  small  twigs  tliat  are  destined  for 
the  skin :  finally  the  last  branches  of  the  smaller 
vessels,  which  have  pressed  forward  quite  to  the 
base  of  the  nipple,  furnish  ascending  and  descend- 
ing bi-anchlets.  The  vessels  supplied  to  the 
parenchyma  are  not  invariably  destined  for  the 
corresponding  ducts;  on  the  contrary,  the  vascu- 
lar supply  of  the  two  is  usually  independent,  and  accordingly  each  sepai*ate 
gland-Jobule  takes  up  and  gives  off  its  vessels  at  its  own  peiiphery. 


Fig.  228.  Beticalated  con- 
nective tissue  apparently 
connected  with  an  epithelial 
cell.  From  the  walls  of 
two  glandular  vesicles.  Im- 
mersion System  No.  9.  Hart- 
nack. 


♦  M.  Schnitzels  Arohiv.  V.  p.  334. 
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The  capillaries  of  the  small  lobules  constitute  a  three-sided  network. 
In  the  meshes,  which  are  rounded  or  angular,  the  glandular  vesicles  are 
inserted,  and  hence  upon  transverse  section  they  are  found  between  the 
narrow  interalveolar  cords.  It  is  easy  to  demonstrate  that  this  capillary 
network  represents  an  entire  system  in  itself,  and  that  small  arteries  and 
veins  furnish  the  sole  means  of  communication  between  neighboring  lobules. 
The  ducts,  also,  have  a  capillary  system  of  their  own,  distinct  from  that 
supplying  the  stroma ;  these  are  minute  little  vessels  which  meet  in  long 
meshes,  as  a  pretty  close  though  still  delicate  network.  Accordingly,  erectile- 
tissue  formations  do  not  occur  in  the  nipple,  nor,  too,  are  either  the  vessels 
of  the  stroma  or  the  muscular  bands  of  extraordinary  size.  Lastly,  the 
capillary  loops  of  the  papillae  are  also  given  off  from  especial  stems  which 
lie  close  under  the  papilhe,  and  here  at  intervals  pursue  an  arching  course. 
Under  the  areola  the  veins  Of  the  nipple  form  a  circular  anastomosing  chain, 
known  as  the  Circulus  Halleri. 

As  to  the  Lymphatics  and  teiminal  Nerve-apparatus  of  the  mammarT 
gland,  nothing  as  yet  has  been  determined. 

The  fii-st  indications  of  a  rudimentary  lacteal  gland  appear  perhaps  as  early 
as  within  the  third  month  of  inti-a-uterine  life ;  and  yet,  in  new-born  Chil- 
dren we  usually  find  the  principal  ducts  only,  though  we  then  observe  upon 
each  duct  two  or  more  club-shaped  appendages,  indications  of  subseqneut 
branches.  Now,  should  there  be  a  still  further  advance  in  the  growth 
of  these  branches,  even  then  the  tei-minal  vesicles  will  always  be  absent,  and 
the  same  is  true  even  where  a  secretion  take«  place ;  in  this  latter  case, 
however,  we  find  numerous  dilated  sinuses  closely  crowded  together,  giving 
to  the  gland  the  appearance  of  a  group  of  sebaceous  follicles. 

Until  puberty  there  is  but  a  slow  increase  in  the  number  of  ducts,  even  in 
the  Female  ;  it  is  only  during  puberty  that  a  more  rapid  growth  takes  place, 
the  results  of  which  become  permanent  in  Women ;  in  Men,  on  the  other  hand, 
it  is  possible  that  a  retrogressive  metamorphosis  may  take  place.  Accord- 
ingly, in  Men  we  generally  find  only  the 
principal  ducts  with  some  knobbed  and 
slightly-branched  diverticula ;  still  cases 
have  occurred  where  the  glands  have  devel- 
oped to  the  size  of  a  walnut,  containing  a 
variously  i*amitied  system  of  duets  formed 
as  in  the  Female  before  she  has  arrived  at 
sexual  maturity. 

The  true  glandular  vesicles  that  serve  as 
the  termini  for  a  system  of  ducts  already 
variously  ramified  can  only  be  found  in 
Women  who  have  reached  maturity.  At 
this  period  of  life  the  gland  has  b^in  to 
show  an  acinose  or  clustered  form,  still  the 
lobules  are  not  vei-y  voluminous;  they  are 
also  widely  sepaiuted  from  one  another; 
all  the  ducts,  too,  are  narrow,  and  the  vesi- 
„.     «^     „  ..        ^  cles  are  small  and  cylindrical,  rather  than 

glL^ulL^'^esi^rraTix^nhl  ci"'>-'aped.  In  the  Vir^  the  conU,oU 
luminous  circles  have  a  swollen  ap-  ^^  »^he  entii*e  system  ot  ducts  consist  of  celJ- 
pearance.  SystemNo.  8.  Hartnack.    masses;  these  are  packed  tightly  together 

at  the  termini  and  represent  a  solid  mass, 
but  in  such  passages  as  ai-e  permeable  they  constitute  the  single  investing 
coat.     A  finely-fibrillated  connective  tissue  also  enters  into  the  composition 


Fig.  229. 
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Fig.  230. 


of  tlie  walls  in  the  larger  ducts,  but  the  limiting  membi-ane  in  smaller 
ilucU)  is  a  layer  of  hyaline  connective  tissue  capable  of  swelling  to  a  great 
extent.  The  membrane  is  separated  from  the  stroma  by  a  row  of  slender 
spindle-sliaped  little  bodies.  At  the  extreme  ends  this  layer  appears 
thicker,  and  exhibits  on  transverse  section  broad  luminous  circles,  swollen 
in  appearance.  The  outer  and  sharply  defined  borders  are  crowded  against 
one  another,  while  the  inner  show  slight  depressions,  evidently  to  be  re- 
garded as  an  appearance  solely  due  to  the  swelling. 

The  stroma  of  the  gland  during  its  development  consists  of  tendinous 
bundles  of  connective  tissue  containing  single  spindle-shaped  little  bodies ; 
these  bundles  are  so  intimately  interwoven  with  one  another  that  they  con- 
stitute an  indivisible  mass,  tough  as  india  loibber.  It  possesses  numerous 
little  canals  for  the  passage  of  ducts  and 
larger  vessels.  The  compact  tissue  is  every- 
where traversed  by  a  mesh  of  capillaries, 
cbietly,  however,  destined  for  the  ducts. 
The  rounded  extremities  of  the  still  growing 
canals  are  grasped  by  a  whole  bundle  of 
vessels,  for  these  vessels,  on  arriving  at  the 
duct,  diverge  so  as  to  embrace  it;  they 
then  accompany  it  a  short  distance.  In 
such  cases,  therefoi-e,  the  vessels  constitute 
fibrous  appendages,  which  also  obviously 
indicate  what  direction  the  ducts  will  assume 
in  growing.  It  is  not  so  with  the  matured 
lobules,  for  they  are  surrounded  and  traversed 
by  a  network  of  capillaries. 

Among  the  capillaries  of  the  stroma  there 
are  not  a  few  which  are  richly  provided 
with  nuclei;  from  some,  too,  we  see  very 
delicate  threads  given  oflf,  which  ai-e  scarcely 
yet  pei^'ious,  and  obviously  represent  capil- 
laries in  the  stage  of  development.  I  could 
distinguish  nerves,  too,  small  in  size,  and 
consisting  of  from  two  to  thi*ee  medu  Hated 
fibi-es  ;  I  also  saw  fibrils  which,  after  separa- 
ting from  their  fellows,  divided  in  a  forked 
manner,  in  the  interior  of  the  vascular 
bundle  which  was  given  off  from  the  blunt- 
end  of  the  duct-branch  I  saw  one  of  these 
fibrils,  which  could  not  be  traced  any 
further,  and  appeared  to  end  at  the  border  of  the  hyaline  layer.  Whether 
theste  were  really  nerve-fibrillse  or  not  was  impossible  to  ascei-tain. 

Finally,  after  all  that  we  have  seen,  the  structural  process  exhibited  in 
glandular  tissue  can  be  defined  as  a  constantly  progressive  budding ;  more- 
over, it  should  scarcely  be  questioned  that  this  process  depends  vii*tually 
upon  the  growth  of  the  epithelium ;  it  is  also  certain  that  the  tough  stroma 
lying  between  the  ducts  gi-adually  dissolves  and  diminishes  precisely  in  pro- 
poi-tion  as  the  ducts  advance  towards  the  formation  of  terminal  vesicles ; 
att  yet,  however,  it  is  scarcely  possible  to  make  a  histological  distinction  of 
the  causal  relation  in  these  two  processes.  It  is  worthy  of  mention,  in  addi- 
tion, that  simultaneously  with  the  origin  of  the  glandular  vesicles  there  is 
an  appearance  of  fat-cells  in  the  stroma.  These  cells  may  be  regarded  as  to 
a  certain  extent  evolved  during  this  process,  as  a  secondary  production. 


Fig.  230.  Terminal  buds  of  the 
ducts,  8ho\viDg  the  vessels.  From 
a  Girl  14  years  old.  System  No.  4. 
Hartnack. 


Digitized  by 


Google 


580 


THE    MAMMARY    GLAND. 


The  changes  made  in  the  mammary  glaud  duiing  pregnancy,  in  preparing 
to  assume  its  proper  functions,  are  iirst  of  all  apparent  in  an  enLirgemeut  of 
the  secreting  siirt'ace;  the  vesicles  are  broader;  the  same  is  ti-ue  also  of  the 
ducts ;  the  hyaline  limiting  membrane  is  not  so  thick ;  in  the  interior, 
fat- vesicles  a]>pear  at  hi*st  singly  and  in  the  midst  of  cell-masses,  finally 
in  such  qiiantities  that  they  fill  and  considerably  dilate  the  sacculated  termi- 
nal vesicle,  and  even  press  the  epithelium  entirely  to  the  wall. 

Then,  too,  the  interlobular  connective  tissue  becomes  gt-adually  looser  and 
is  continually  enclosing  more  fat.  The  tough  part  of  the  stroma  diminishee 
though  it  never  entirely  disappeai-s,  for  even  in  nursing- women  a  firm  kernel 
can  still  be  felt  in  the  interior  of  the  organ.  These  occuri'ences  are  not 
simultaneous  in  all  portions  of  the  glands,  and  even  as  late  as  in  Women  who 
have  died  shortly  atter  delivery  we  still  observe  many  transition-types  exist- 
ing among  the  elements  in  the  terminal  vesicles.  It  is  unquestionable  that 
tlie  fat-coi-puscles — anatomical  elements  of  milk — are  really  derived  from  the 
ei>ithelium  of  the  glandular  vesicles ;  for  in  the  first  place  we  have  prima 
facie  evidence  of  the  fact,  since  the  piimary  fat- vesicles  appear  in  the  very 
middle  of  the  epithelial  mass ;  a  second  proof  is  the  occurrence  of  globulwr 
cAh  containing  nuclei  and  distended  with  fat- vesicles  (colostrum)  in  the  iirbt 
milk  of  Women  after  delivery ;  lastly  we  can  sometimes  find  fat-vesicles  in 
the  cells  of  the  acinus,  and  this  is  not  only  true  of  isolated  but  also  of  em- 
bedded cells.  I  have  found  some  cells  which  contained  small  fat-drops  and 
others  whose  nucleus  was  crescent-shaped  and  embraced  a  large  fat-drop. 
Tlie  larger  fat-globules  in  parietal  cells  are  situated  moi-e  towards  that 
extremity  of  the  cell  which  is  directed  towards  the  lumen,  but  the  nucleus  is 
placed  nearer  the  wall.  From  this  it  is  evident  why  the  walls  of  empty 
acini  are  so  frequently  filled  with  fat-vesicles,  for  the  epithelial  cells  thus 
difete  ided  burst  and  allow  the  fat-globules  to  escape.     It  is  questionable 

whether  the  epithelial  cell  then  perishes  and  is 
immediately  succeeded  by  another,  or  whether  it 
survives  and  is  capable  of  producing  new  milk- 
globules.  The  latter  theory  is  probably  the  cor- 
rect one,  and  is  in  accordance  with  the  observa- 
tions of  S.  Strieker,*  who  also  states  that  the 
colostrum-cells,  already  given  off  and  floating  in 
the  fresh  milk,  supply  fat-globules. 

Involution  of  the  Parenchyma  seems  to  take 
place  at  the  moment  the  gland  ceases  to  be  used 
for  suckling.     In  a  nurse  that  died  after  an  ill- 
ness  of  three    weeks    I    found    the   glandular 
lobules  were  already  shrunken,  compressed,  and 
separated  by  broad  connective-tissue  septa  as 
before  pregnancy ;  they  contained  but  little  fat. 
Fig.  231.     Terminal  vesicles   The  glandular  vesicles  had   become  small  and 
and  Btroma  from  the  mammaiy   now   contained  no  fat-globules;    the  ei)ithelial 
gland  of  a  nurse  who  died  after   ^^.|jg  were  sometimes  in  irregular  heaps,  some- 
an  illness  of  three  weeks.    Sys-    ,.  j-  x    u   *  j     i         *u  n      x-n   •    •    a- 

tem  No.  8.     Hnrtnack.  times  distributed  along  the  wall :  still  injeciton- 

masses  could  sometimes  be  forced  through  the 

ducts  into  the  terminal  vesicles.     The  largest  ducts  contained  a  brownish 

tough  substance  in  which  fat-globules  were  mingled.     The  same  condition 

was  shown  in  the  mammary  gland  of  a  Bitch  three  weeks  after  bearing  young. 

I  have  also  met  with  this  characteristic  featui-e  of  the  glandular  parcn- 


Fig.  231. 


*  Wiener  akad.  Berichte.  B.  58.  Abth.  II.  pag.  184. 
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chynia  in  a  still  vigorous  Woman  who  had  borne  children  a  considerable  time 
before ;  it  should  be  regarded,  therefore,  as  the  quiescent  condition  of  the 
organ.  In  many  cases,  however,  it  happens  that  a  still  further  involution 
takes  place  in  some  portions  of  the  gland,  for  in  the  veiT^  same  Woman  alluded 
to  1  observed,  near  some  wide  ducts,  closely-compressed  though  short  buds. 
In  general,  small  terminal  buds  and  acini,  too,  when  tliey  are  connected  with 
dilated  ducts,  must  be  regarded  as  indicating  a  previous  puerperal  condition. 
This  much  is  certain,  in  healthy,  non- enervated  Women  the  glandular  vesicles 
maintain  their  shape,  sometimes  remaining  as 
in  Virgins,  though  without  the  hyaline  mem- 
brane. 

Entii-e  disappearance  of  the  glandular  vesicles 
does  not  take  place  until  the  climacteric  yeai*s  are 
reached ;  then  the  tough  fibrous  stroma  fails  com- 
pletely ;  the  entire  gland  collapses  and  constitutes 
a  thin  membranous  disc,  which  is  attached  to  the 
nipple  and  is  enveloped  on  both  sides  by  adi- 
pose tissue.  In  what  remains  of  glandular  sub« 
stance  we  find  ducts  simply;  these,  however, 
have  delicate  little  branches,  to  be  regarcled  as 
intra-lobular.  These  last  diverticula  of  the 
ducts  represent  what  seem  to  be  cylindrical 
prolongations  ending  blindly,  and  have  no 
further  appendages;  they  are  generally  thin- 
walled,  mostly  collapsed,  and  therefore  on  trans- 
verse section  exhibit  a  cleft  opening;  the 
parietes  are  clothed  with  a  single  co&t  of  low 
epithelium.  The  ducts,  which  are  now  so  con- 
tracted in  size,  are  held  in  position  by  a  loose 
fi  brillated  connective  tissue,  interwoven  with 
which  is  an  abundance  of  elastic  fibres.  Many  fat-cells,  too,  so  arranged  in 
rows  as  to  form  little  chains,  occur  in  this  stroma. 


232. 

the 


Terminat  on  of 
stroiiia  contain.s 
some  capillaries  and  an  abund- 
ance of  elastic  fibres.  From 
a  woman  90  years  of  age. — 
System  No.  8. 


For  investigating  the  coarse  daot-structure  it  is  well  to  employ  injected  corrosive 
preparations.  Sometimes  injection  of  young  glands  succeeds  so  well  that  we  can 
trace  the  course  of  the  ducts  as  far  as  to  tiie  last  outrunners.  Glands  hardened  in  alco- 
hol, or  boiled  in  pyroligneous  acid,  make  very  suitable  subjects  for  studying  the  bud- 
ding process  in  young  ducts,  as  well  as  their  structure  and  stroma  Pyroligneous 
acid  preparations  also  furnish  a  ready  means  for  examining  the  arrangement  of  the 
muscular  tissue  and  papillary  bodies  in  the  nipple. 

Objects  hardened  in  the  bichromate  of  potash,  or  absolute  alcohol,  furnish  instruc- 
tive preparations  for  examining  the  epithelium  in  the  terminal  vesicles.  Staining  the 
sections  with  carmine  displays  the  more  delicate  contours  of  the  epithelium,  and  per- 
osmic  acid  colors  the  finest  fat-globules  in  the  cells.  Sometimes  the  injection  of 
blood-vessels  in  glands  after  removal  from  the  body  is  successful,  if  we  make  use  of 
Herring's  apparatus  and  injection-masses  that  flow  well. 
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CHAPTER  XXIX. 

MALE  AND   FEMALE   EXTERNAL  GENITAL   ORGANS;    TOGETHER  WITH  THEIR 
GLANDULAR   APPENDAGES. 

By  E.  KLEIN. 
Male  Organs. — Vas  Deferens. 

The  vas  deferens  is  a  structure  rich  in  muscular  fibres,  and  is  similar  in 
many  respects  to  the  excretoiy  ducts  of  the  larger  glandular  organs.  It 
consists  of  a  mucous  membrane,  a  muscular  coat,  and  a  loose  external  con- 
nective-tissue envelope,  the  tunica  adventitia. 

The  inner  surface  of  the  mucous  membrane  is  clothed  with  epithelium, 
which,  in  Adults,  and  especially  in  new-born  Children,  is  subjected  to  various 
modifications.  In  Adults  it  has  generally,  at  its  commencement,  a  single 
layer  of  ciliated  cylindrical  epithelium.  The  cells  themselves  are  either 
conical  or  cylindrical,  have  a  length  of  about  0.03  millim.,  and  each  is 
)>rovided  with  a  rounded  or  oblong  nucleus,  which  contains  a  distinct  nu- 
cleolus. It  happens  sometimes,  though  rarely,  that  spindle-shaped  cells  are 
inserted  between  the  conical  ones,  and  thus  the  cylindrical  epithelium  em- 
braces several  sorts.  The  conical  cells  are  furnished  with  very  short  deli- 
cate cilia,  both  where  the  epithelium  has  but  one  layer  and  where  it  hajs 
several. 

The  limit  at  which  the  cells  nearest  the  outlet  lose  their  vibrating  cilia 
is  different ;  it  is  not  the  same  for  the  whole  periphery,  and  my  experience 
would  justify  me  in  saying  that  ciliated  cells  are  certainly  no  longer  visible 
at  four  centimetres'  distance  above  the  epididymis.  In  tracing  the  tube 
outwards  in  adult  cases,  the  epithelium  continues  to  exhibit  about  the  same 
characters,  with  this  difference  only,  that  we  can  clearly  recognize  a  striated 
ba.sal  border  in  very  many  cells.  In  Children  there  is  a  great  difference 
between  the  epithelium  of  the  extra-  and  intra-abdominal  portion.  In  the 
former  the  epithelium  is  mostly  laminated,  and  the  following  order  is  main- 
tained :  the  superficial  layer  is  composed  of  short  cylindrical  cells,  and  un- 
derlying this  are  one  or  two  laminse  of  the  polyhedral  or  rounded  variety. 
All  cells,  whether  near  the  outlet  or  further  removed,  have  a  relatively  large 
nucleus,  generally  rounded.  In  that  portion  of  the  vas  deferens,  however, 
which  is  situated  within  the  abdominal  cavity,  the  sti-ucture  of  the  epithe- 
lium is  similar  to  that  of  Adults;  we  observe  hei'e  beautiful  elongated  cells, 
both  conical  and  cylindrical,  with  a  border  of  rods. 

These  cells  are  sometimes  uniform  in  character,  though  it  more  frequently 
ha[)pens  that  spindle-shaped  cells  make  their  way  in  from  outside.  In  new- 
born Children  the  thickness  of  the  epithelium,  in  those  portions  of  the  va45 
deferens  lying  without  the  abdominal  cavity,  reaches  almost  0.02  millim., 
while  the  thickness  of  the  corresponding  coats  within  the  same  cavity 
mea.sures  0.03  millim.  In  tracing  the  vas  deferens  towards  the  am- 
pullie,  we  observe  but  a  slight  increase  in  the  dimensions  of  the  epithelium. 

The  mucous  coat  underlying  the  epithelium  is  folded  in  two  or  thi*ee  lon- 
gluulinal  rugie ;  at  and  about  the  ampulla  these  are  still  more  numeroiis, 
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and  reach  a  considerable  height.  At  this  point  these  folds  are  connected 
with  one  another  by  single  little  trans vei-se  ndges ;  the  fossee  or  depi-essions 
thus  enclosed  have  been  regarded  as  glands  by  some  investigators  (Henle, 
Leydig). 

Connective  tissne  and  elastic  fibres  are  the  elements  of  the  mucous  coat. 
The  former  comprises  intersecting  bundles  of  fibres;  in  the  external  portions 
they  are  usually  parallel  to  the  direction  of  the  vas,  though  they  assume  a 
more  oblique  course  as  they  approach  the  epitlielium,  and  terminate  in  as- 
cending and  descending  fibrils. 

The  elastic  fibres  form  tolerably  close  net-works,  which  are  connected 
externally  with  the  septa  of  the  muscular  bundles  in  the  same  way  as  the 
connective-tissue  bundles  associated  with  them.  By  means  of  these  septa 
they  are  still  further  connected  with  the  looser  tunica  adventitia.  The 
thickness  of  the  mucous-tissue  layer  depends  on  the  thickness  of  the  muscu- 
lar tunic,  to  which  it  bears  an  inverse  relation ;  this  latter,  with  the  ex- 
ception of  the  commencing-portion  of  the  vas  deferens,  is  composed  chiefly 
of  two  layers,  an  inner  or  circular  and  an  outer  or  longitudinal  muscular 
layer.  The  direction  of  the  fibres  in  these  two  coats  is  rectangular  one  to 
the  other. 

Both  consist  simply  of  smooth  muscular  fibres.  From  the  very  com- 
mencement, as  far  as  to  within  two  centimetres  of  the  epididymis,  there  is 
always  an  internal  longitudinal  layer ;  elsewhere  this  is  represented  by  oc- 
casional bundles  lying  within  the  circular  layers. 

In  Adults  the  thickness  of  this  inner  longitudinal  coat  amounts  to  from 
0.06  to  0.1  millim.  .  Tlie  thickness  of  the  middle  circular  coat  giadually 
decreases  from  the  commencement  of  the  vas  deferens  towards  the  ampulla. 

At  the  ampulla  it  again  attains  its  former  size.  The  external  muscular 
coat,  too,  is  more  developed  at  its  commencement  than  in  its  subsequent 
course;  it  measures  there  about  0.05  millim".  Tlie  muscular  tunics  are 
less  developed  in  new-bom  Children  than  in  Adults.  Finally,  wherever  an 
internal  longitudinal  coat  exists,  these  scattered  little  bundles  of  smooth 
muscular  fibres  penetrate  obliquely  and  longitudinally  into  the  mucous  tis- 
sue, and  are  to  be  met  with  quite  close  under  the  epitlielium.  Furthermore, 
the  outermost  bundles  of  the  circular  layer  intersect  in  many  places  with 
the  bundles  of  the  longitudinal  coat ;  this  relation  is  very  distinctly  marked 
at  the  ampulla  and  in  its  vicinity,  for  at  this  point  a  number  of  bundles  from 
the  external  or  longitudinal  coat  press  in  obliquely  between  the  circular 
bundles  in  order  to  terminate  in  that  tLssue. 

On  one  side  of  the  tunica  adventitia  there  are  some  larger  and  smaller 
bundles  of  smooth  muscular  fibres  running  longitudinally  ;  they  are  grouped 
in  a  semicircle  about  the  vas,  and  are  separated  from  one  another  by  a  vaiy- 
ing  distance.  Henle  has  named  them  the  cremaster  interaus.  In  many 
places  these  muscular  bundles  are  so  closely  related  to  those  of  the  external 
muscular  coat,  that  it  is  impossible  to  separate  the  two.  The  cremaster 
intemus  is  most  strongly  developed  at  the  commencement  of  the  vas  defe- 
rens ;  fi-om  this  point  until  it  entei-s  the  abdominal  cavity  there  is  a  pro- 
gressive diminution  in  thickness,  yet  the  range  of  its  distribution  is  in- 
creased, for  we  can  detect  single  bundles  of  smooth  fibres  running  longitu- 
dinally throughout  the  entire  periphery  of  the  adventitial  tunic.  The  nerve 
trunks  constitute  a  pretty  dense  plexus — the  plexus  spermaticus — situated 
in  the  tunica  adventitia,  though  in  a  portion  distant  from  the  ci*emaster  in- 
temus. The  nerve  fibres  of  which  the  trunks  consist  are  medullated 
throughout.  From  the  sheath  connective-tissue  cords  are  usually  sent  to- 
wards the  interior  of  the  nerve  ti-unk,  separating  the  nerve-fibres  into  two 
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or  three  bundles.  These  bundles,  perhaps,  correspond  merely  to  vai'ious 
sources  from  which  the  nerve-trunks  derive  their  origin,  for  it  is  well 
known  that  the  nerves  which  enter  the  plexus  spermaticus  are  deiived  from 

the  spermatic  and  sympathetic.     Ih- 
Fig.  238.  suing  out  of  the  plexus  spermaticus 

are  several  smaller  nerve  trunkR; 
these  penetrate  the  muscular  and 
mucous  layers  of  the  vas  deferens 
where  they  are  observed  to  have 
meduUated  fibres.  In  the  upper 
portion  of  the  vas  deferens  small 
gan>(lion-ceIls  are  scattered  in  the 
nerve  trunks  of  this  plexus  and  also 
in  those  trunks  lying  more  exter- 
nally and  running  sepai-ately.  In 
the  neigliborhood  of  the  ampullae, 
however,  there  are  some  quite  feebly 
developed  ganglion-cells.  These 
latter  are  rounded  or  oblong,  anil 
are  about  0.35  millim.  in  diameter. 
The  sheath  of  the  ganglionic  knot 
consists  of  a  common  fibiillated  con- 
nective tissue  contiiining  occasional 
spindle-cells.  Some  of  the  fibi-es 
penetrate  from  the  periphery  into 
the  interior  of  the  knot ;  these  ait^ 
connected  with  the  cell-net  spread 
out  through  the  knots.  The  gan- 
glion-cells seen  here  are  small  and 
furnished  with  two  or  more  proces- 
ses, and  the  nucleus,  which  is  rela- 
tively large,  clearly  defined,  and 
bright,  has  also  a  distinct  nucleolus. 
Each  ganglion-cell  lies  within  a  ni> 
cleated  capsule,  which,  here  as  else- 
where, is  continued  as  a  connectiN  e- 
tissue  slieath  for  the  nerve  fibres  belonging  to  the  cells. 

It  is  only  in  new-bora  Children  that  distinctly  nucleated  and  granular  colls 
Ave  seen  in  the  nodal  points  of  the  network,  recently  described  as  found  in 
the  interior  of  the  ganglion. 

Associated  with  the  small  ganglion-cells — 0.0014  millim.  in  diameter 
— observed  in  the  ampulla  and  more  external  portions  of  the  vas  deferens, 
there  are  also  numerous  ganglion-cells  measuring  as  much  as  0.03  millim. 
Both  of  these  varieties  have  a  nucleated  capsule. 

On  the  outer  side  of  the  nerve-plexus,  which  is  usually  found  on  but  one 
side  of  the  vas  deferens,  thore  is  the  well-known  plexus  of  veins  known 
as  the  plexus  pampiniformis,  besides  some  arterial  vessels  of  less  size. 
This  vascular  system  is  cormected  with  the  proj)er  vessels  of  the  vas  deferens ; 
the  rich  capillary  network  of  the  muscular  tunic,  as  well  as  the  sub-epi- 
thelial network  of  the  mucous  layer  are  worthy  of  mention.  The  walls 
of  the  smaller  veins  constituting  the  pampiniform  plexus  are  remarkable  for 
their  thickness,  and  fui-ther  for  exhibiting  three  well-marked  coats,  viz. :  an 
inner,  containing  elastic  fibres  and  single  muscular  bundles,  running  horizon- 
tally ;  a  middle,  composed  chiefly  of  circular  muscular  fibres ;  and,  finally, 


Fig.  2»38.  Transverse  section  through 
the  commencing  portion  of  the  vas  defer- 
ens ;  a,  epithelium ;  6,  tunica  mucosa ; 
c,  inner;  d^  middle;  e,  outer  muscular 
layer ;  /,  bundles  of  the  cremaster  inter- 
nus ;  g,  vein  containing  muscles  in  its  wall. 
System  No.  2 ;  Ocular  No.  u.     Hartnack. 
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an  outer  loosely-knit  adventitial  tunic  containing  longitudinal  muscular 
bundles. 

In  the  still  more  external  portion  of  the  spermatic  cord,  on  the  side  oppo- 
site the  cremaster  intemus,  we  encounter  small,  smooth  muscular  fibres 
running  horizontally  and  combiniug  to  form  a  layer.  These  bands  might 
appropriately  be  embraced  under  the  name  of  Cremaster  medius.  The 
spermatic  cord  is  rich  in  thin-walled  broad  lymph-vessels ;  they  form  distinct 
networks  in  the  vasculai*  and  nerve  layer ;  some  of  them,  too,  can  be  recog- 
nized quite  close  to  the  muscular  coat  of  the  vas  deferens. 

Besides  the  stnictures  above  enumerated  there  is  a  body  situated  in  the 
commencing  portion  of  the  spermatic  cord,  which  is  known  by  the  name  of 
parepididymis,  or  Girald^s's  organ.  It  is  entirely  made  up  of  canals.  These 
canals  are  clothed  with  a  cylindrical  epithelium  similar  in  every  i^espect  to 
the  epithelium  of  the  vas  deferens.  The  mucous  membrane  underlying  the 
cells  is  loose,  very  rich  in  folds,  which  in  some  places  have  the  appearance 
of  glandular  cavities.  The  mucous  membrane,  aa  usual,  contains  a  mesh- 
work  of  connective  tissue  and  elastic  fibres.  On  all  sides  we  encounter 
small  circular  bundles  of  smooth  muscular  fibres. 

Externally  the  mucous  membrane  is  surrounded  by  a  pretty  dense  network 
of  veins. 

A  vas  deferens  existA  in  all  Mammals,  Birds,  scaly  Reptiles  and  Selachians,  and 
always  has  a  definite  mascalar  character.  According  to  Leydig  the  vas  deferens  of 
Mammals  in  its  lower  and  dilated  extremity — the  ampulla — is  rich  in  glands,  while 
the  vas  deferens  of  Birds,  Saurians  and  Snakes  is  entirely  without  them.  It  is  probable, 
however,  that  Leydig  makes  the  same  error  here  as  in  the  case  of  Man  and  regards  the 
lacnnar  depressions  of  the  mucous  membrane,  in  the  animals  just  enumerated,  as  true 
glands.  It  has  also  been  observed  that  smooth  muscular  fibres  exist  in  the  lower 
portion  of  the  common  urino-seminal  duct  of  Batr^chians. 

Seminal  Vesicles. 

In  these  structures  we  recognize,  with  slight  modifications,  almost  all  the 
elements  that  belong  to  the  vas  deferens.  The  mucous  membrane  is  folded 
into  rugae  of  varying  height,  and  these  folds  are  not  always  parallel  to  the 

Fig.  234. 


Fig.  234.  Transverse  section  through  the  wall  of  a  seminal  vesicle,  a,  epithe- 
lium ;  bj  mucous  layer,  e,  internal,  d,  middle,  and  0,  outer  muscular  coat ;  /,  adventi- 
tial tunic;  ^,  ganglia.    From  a  Child.     System  No.  4.     Ocular  No.  3.    Hartnadc. 
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axis  of  the  canal,  for  there  ai*e  also,  at  intervals,  prominent  tnuisverne 
ridges.  This  latter  circumstance  explains  the  origin  of  the  lacunar  depres- 
sions which  Henle  describes  and  calls  glands.  As  in  the  vas  deferens,  so 
here,  the  epithelium  is  cylindrical ;  the  conical  or  cylindrical  cells  com- 
posing this  layer  are  furnished  with  a  well-marked  outer  border  of  rods, 
which,  in  new-bom  Children  especially,  gives  exactly  the  appearance  of 
short  fine  cilia. 

The  mucous  membrane,  including  even  the  folds,  is  furnished  throughout 
with  small  muscular  bands.  The  thickness  of  this  tissue  reaches  0.04 
millim. 

The  muscular  coats  usually  consist  of  three  layers,  an  internal  or  longi- 
tudinal, a  middle  or  circular,  and  an  external  or  longitudinal.  The  inner  is 
the  strongest;  the  middle  and  external  have  about  the  same  thickness;  in 
new-bom  Children  the  thickness  of  the  inner  and  middle  coat  is  0.12 
millim.,  that  of  the  external  is  0.03  millim.  An  adventitial  tunic,  amjdy  sup- 
plied with  networks  of  vessels  and  nerves,  lies  outside  of  the  muscular. 
The  ganglionic  knots  inserted  in  the  nerve-plexus  attain  their  highest  devel- 
opment in  the  seminal  vesicles.  Here  they  contain  large  ganglion  cells, 
usually  having  a  single  nucleus,  though  occasionally  two.  Leydig  states 
that  the  seminal  vesicles  in  Mammals  are  glandular  apparatuses,  and  he 
further  adds  that  they  are  either  provided  with  groups  of  racemose  glands 
closely  crowded  together,  or  assume  the  type  of  a  single  gland  of  that 
character. 

Ejaculatory  Ducts. 

We  distingtiish  in  the  ducts  a  cylindrical  epithelium,  0.014  millim. 
high,  which  is  composed  of  one  layer  in  the  first  portion.  The  nearer  the 
ducts  approach  the  vesicula  prostatica  (sinus  pocularis)  the  more  sudden  is 
the  change  from  the  cylindrijcal  epithelium  already  mentioned,  to  a  ti'ansi- 
tional  form ;  we  find  beneath  a  superficial  layer,  consisting  of  short  cylin- 
drical or  club-shaped  cells,  still  smaller  cells,  nearly  polyhedral  or  but 
slightly  elongated.  The  laminated  pavement  epithelium  characterizing  ihc 
vesicula  prostatica  is  continued  a  short  distance  into  the  orifice  of  the  duct. 
Here  also  the  surface  of  the  mucous  membrane  is  uneven  and  marked  with 
prominent  longitudinal  and  transverse  folds ;  these  latter  increase  in  num- 
ber and  size  almost  up  to  the  orifice  of  the  ejaculatory  ducts.  The  mucous 
membrane  is  0.06  millim.  in  thickness,  and  consists  of  connective  tis- 
sue, of  which  the  greater  part  is  devoted  to  forming  a  network  parallel  to 
the  axis  of  the  duct.  There  are  also  bundles,  composed  of  sm^oth  mus- 
cular tissue,  which  pursue  a  similar  direction.  Exterior  to  the  mucous 
membrane  is  a  circular  muscular  coat  0.06  millim.  in  thickness.  This 
latter  is  continued  over  the  ejaculatory  duct  into  the  circulai*  muscular 
tunic  of  the  vesicula  prostatica,  to  be  mentioned  in  another  place. 

Peostate. 

In  tbis  organ  we  distinguish  structurally  two  entirely  distinct  elements,  viz., 
a  glandular  and  a  muscular  substance.  The  latter,  as  Kdlliker  has  deraon- 
Bti-ated,  constitutes  the  proper  stroma  of  the  prostate,  since  the  connective  tis- 
sue which  forms  the  septa  for  the  muscles  as  well  as  a  framework  for  the  ves- 
sels and  nerves,  is  represented  by  only  very  slight  trabecule,  and  they  pene- 
trate the  interior  of  the  prostate  from  without.  Externally,  this  organ  pos- 
sesses a  connective-tissue  envelope  which  is  in  direct  connection  with  the 
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tendons  of  the  smooth  muscular  bands  adjacent  to  it.  These  latter  have  a 
circular  or  oblique  course ;  there  are  also  some  intervening  muscular  bun- 
dles which  pursue  a  straight  coui*se.  These  muscular  masses  constitute  the 
proper  cortical  substance  of  the  prostate.  Pressing  inwards  from  this  mus* 
cular  cortex  stout  muscular  cords  reach  the  interior,  forming  a  trellis-work 
as  they  proceed.  The  interapaces  thus  formed  serve  for  the  reception  of  the 
gland  substance.  The  thickness  of  the  cortex  just  described  varies  according 
to  its  position,  viz. :  whether  before  or  behind  the  urethra ;  it  diifwrs  further 
in  the  upper,  middle,  and  lower  portions ;  for  while  the  portion  lying  in 
front  of  the  urethra  consists  almost  entirely  of  cortical  sub-stance — that  is, 
muscular  tissue  mostly — the  cortical  substance  along  the  posterior  periphery 
of  the  organ  is  comparatively  stouter  in  the  upper  portions  than  in  the 
middle,  and  in  the  middle  than  in  the  under.  From  this  explanation  it  is 
evident  that  the  glandular  substance  is  comparatively  most  highly  developed 
behind  the  ui*ethra  and  in  the  lower  portions,  and  that  it  is  only  feebly 
i-epresented  in  the  part  anterior  to  the  urethra.  The  form  of  arrangement 
assumed  by  the  glandular  substance  depends  very  greatly  upon  the  charac- 
ter of  the  muscular  trabeculss  penetrating  the  interior  of  the  organ.  In  the 
lower  sections  of  the  prostate,  lying  behind  the  urethra,  tlie  muscular 
bands  form  a  loose,  broad-meshed  texture ;  this  i)ortion  of  the  prostate, 
therefore,  has  somewhat  the  appearance  of  a  spongy  mass. 

In  the  middle  portions  the  muscular  bands  constitute  a  true  envelope  for 
the  central  portions  of  the  glandular  substance,  for  it  encloses  this  semi-cir- 
cular, uniformly  dense  mass  and  is  the  source  from  which  the  delicate  fasci- 
culi are  derived  which  press  in  between  the  glands.  Finally,  in  the  upper 
portion  the  muscular  bands  are  quite  unequally  and  irregularly  distributed. 
These  statements  explain  why  we  find  in  those  portions  of  the  prostate 
lying  behind  the  urethra,  superiorly,  a  more  compact  tissue,  while  lower 
down  the  substance  is  tolerably  uniform,  and  below  represents  a  spongy 
glandular  mass.     In  Adults  the  middle  portions  measure  6.6  millini. 

As  to  the  structure  of  the  glands  themselves,  we  find  ourselves  dealing 
with  those  of  the  so-called  acinose  variety ;  that  is  t/O  say,  with  glandulai* 
ducts  whose  basement  membrane  is  structureless.  These,  after  pursuing  a 
slightly  tortuous  course,  subdivide  into  two  or  more  smaller  ducts,  which 
are  provided  with  lateml  and  terminal  diverticles  of  various  lengths,  spher- 
ical or  ovoid  in  shape.  The  wall  is  always  structureless.  In  the  central 
section  of  the  gland  the  smaller  passages  leading  into  the  principal  excre^ 
tory  duct  ai*e  pi-ovided  with  semicircular  diverticles — acini. 

In  the  lower  portion  of  the  prostate  we  discover  almost  nothing  but  very 
tortuous  tubes,  which  give  off  numerous  branches,  exhibit  numerous  large 
varicosities,  and  at  the  extreme  ends  run  a  remarkably  spiral  course. 

The  glandular  vesicles  and  ducts  are  generally  invested  with  a  single 
layer  of  cylindrical  epithelium  0.026  niillim.  in  thickness ;  there  are 
places,  however,  as,  for  example,  in  the  lower  spongy  glandular  substance, 
whei'e  the  epithelium  is  shorter  and  cubical ;  in  this  latter  case  tliere  is  an 
additional  row  of  smaller  rounded  cells  beneath  them  upon  the  basement 
membrane. 

The  cells,  individually,  are  cylindrical  or  conical ;  the  nucleus  is  rounded, 
and  lies  almost  invariably  in  the  outer  third  of  the  cell.  In  the  smaller 
excretory  ducts  there  is,  at  intervals,  beneath  the  usual  layer  a  deeper  one  of 
small  rounded  cells,  which  are  distinguished  by  having  proportionately 
large  nuclei ;  there  are  also  spindle  cells  embedded  between  the  outer  ex- 
tremities of  the  most  superficial  layer  of  cells.  These  latter  cells  furnish 
a  special  proof  of  direct  connection  between  the  process  of  one  cell  and  the 
contiguous  tissue. 
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.  In  the  upper  and  posterior  portion  of  the  prostate  there  is  a  remarkable  oi^n.  It 
has  somewhat  the  appearance  of  a  large  duct,  yet  the  wall  is  like  that  of  an  artery  -, 
in  other  words,  it  consists  of  an  internal  longitudinal,  a  middle  circular,  and  an 
external  longitudinal  tunic.     The  middle  layer  consists  mostly  of  smooth  muscular 

fibres,  while  the  internal  and  external 


Fig.  237. 


Fig.  237.  Transverse  section  through  the 
central  granular  substance  of  the  prostate. 
From  an  Adult.  System  No.  5,  Ocular  No. 
3.     Ilartnack. 


are  only  in  part  composed  of  them. 
The  interior  of  this  structure  is  filled 
with  numerous  small  vascular  nets, 
pigrment  flakes,  and  cords  of  smooth 
muscular  fibres. 

The  prostate  is  common  to  all  Mam- 
mals, while  Birds  have  no  analogue 
that  we  know  of ;  in  tailed  Batra- 
chians  the  pelvic  and  rectal  glands 
which  discharge  into  the  cloaca  and 
become  tumid  during  copulation  might 
be  regarded  as  corresponding  to  Cow- 
per^s  glands  and  those  of  the  prostate. 
Similar  organs  occur  in  the  cloaca  of 
the  Sauriana  Fish  have  agglomera- 
tions of  vesicles  which  communicate  by 
canals  with  the  vas  deferens.  (Leydig.) 


The  caput  gallinaginis  is  clothed 
with  a  beautifully  laminated  pave- 
ment epithelium.  This  serves  at 
the  same  time  as  the  e])ithelium 
proper  of  the  lower  wall  of  the 
urethra.  Its  thickness  is  materi- 
ally greater  at  the  base  than  at  the  orifice.  In  the  former  position  it 
measures  0.31  millim.,  in  the  latter  only  one-tbird  as  much;  we  observe 
at  the  base  of  the  caput  conical  and  vascular  papillse,  which  are  enlarged 
at  the  apex  and  project  into  the  epithelium.  They  diminish  in  height  as 
they  approach  the  orifice,  and  at  that  point  are  rarely  met  with. 

The  vesicula  prostatica,  too,  is  invested  with  a  laminated  pavement  epi- 
thelium, into  which  small,  conical  papillae  project.  Both  in  the  caput  and 
sinus  pocularis,  there  are  little  glands  opening  upon  the  free  surface ;  these 
are  short,  branched,  and  tortuous,  and  lined  for  a  short  distance  inwards 
with  the  laminated  pavement  epithelium  of  the  urethra. 

The  vesicula  prostatica  is  traversed  by  a  small  amount  of  connective  tis- 
sue— the  framework  for  vessels — and  by  an  abundance  of  muscular  fibres. 
The  latter  are  connected  with  the  smooth  muscular  fibres  stretching  upwards 
from  the  interior  of  the  prostate,  as  well  as  with  those  which  exist  in  the 
wall  of  the  ejaculatory  ducts.  In  general,  it  may  be  said  that  the  bundles 
lying  nearest  the  prostatic  vesicle  intercross  one  with  the  other  obliquely. 

Upon  these  oblique  fibres  there  follows  a  layer  of  circular  ones,  which 
are  to  be  regarded  as  direct  continuations  of  the  external  circular-muscle 
layer  of  the  duct.  This  circular  envelope  of  the  vesicula  prostatica  attcdns 
its  minimum  of  development  in  the  neighborhood  of  the  epithelium  of  the 
caput  gallinaginis. 

Urethra. 

A  laminated  pavement  epithelium  covers  the  inferior  wall  of  the  urethra, 
at  the  root  and  in  the  prostatic  and  membranous  portions;  the  sides  and 
superior  wall  of  these  parts  are  mostly  lined  with  layers  of  transitional  ep- 
ithelium, in  which  some  small  islets  of  the  laminated  pavement  vaiiety 
occur. 

There  is,  however,  a  diversity  in  the  forms  of  the  transitional  epithelium, 
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and  club-shaped  cells  are  observed  in  the  middle  layers,  while  in  the  upper 
ones  there  is  a  combination  of  the  pavement  and  club-shaped  variety.  Ihe 
thickness  of  the  epithelium  varies  between  0.09  and  0.1  millim.,  and  is 
somewhat  less  on  the  uj>per  than  on  the  lower  wall. 

The  mucous  membrane,  which  in  thickness  bears  an  inverse  relation  to 
the  muscular  tunic,  and  averages  from  0.36  to  0.45  millim.,  is  structurally 
different  in  Children  and  Adults. 

This  membrane  in  Children,  as  well  as  the  septa  of  the  muscular  tunic 
with  which  it  is  united,  consists  of  a  very  delicate  homogeneous  network. 
The  nodal  points  in  new-bom  Children  frequently  contain  distinctly  nu- 
cleated cells,  which  latter  are  mutually  connected  by  short,  thick  piocosses, 
and  form  connections,  too,  on  all  sides  with  the  tunica  adventitia  of  the 
coarser  and  finer  vessels.  Besides,  in  this  network  there  are  such  trabecu- 
Im  as  represent  a  bundle  of  line  connective-tissue  fibrillse,  so  that  it  is  not 
improbable  that  the  cell-processes  of  these  adenoid  mesh  works  break  up 
into  fibrillse  and  so  constitute  the  connective-tissue  bundles.  In  Adults  we 
actually  find  nothing  but  networks  composed  of  intersecting  bundles  of  con- 
nective tissue,  together  with  nets  of  elastic  fibres. 

From  the  surface  of  the  mucous  membrane  numerous  small  conical  papil- 
lae press  into  the  epithelium  ;  they  are  shorter,  and  occur  less  often  on  the 
superior  and  lateral  walls  than  on  the  inferior. 

Further,  glands  are  to  be  met  with  in  the  mucous  mtrmbrane.  Tliese  are 
branched  tubes,  furnished  with  two  or  more  diverticles.  They  ai^e  en- 
closed by  a  structureless  wall ;  in  the  diverticles,  and  those  other  portions 
of  the  tubes  lying  deep  down  in  the  mucous  membrane,  a  single  lamina  of 
cylindrical  epithelium  is  to  be  met  with ;  nearer  the  orifice  the  tubes  are  ' 
invested  with  a  laminated  transitional  epithelium,  and  at  the  orifice  itself 
with  lamina;  of  the  pavement  order. 

These  glands — Littre's  glands  of  the  urethra — occur  both  in  the  prostatic 
2)oi'tion,  on  the  lower  and  lateral  wall,  and  also  in  the  membranous  portion ; 
in  this  latter  situation  single  examples,  sunk  at  varying  depths  in  the  mu- 
cous membrane,  may  be  met  with  at  any  point  in  the  periphery.  Some  of 
the  glands  lie  between  the  gieat  venous  plexuses,  and  are  surrounded  by 
smooth  muscular  fibres,  and  others  extend  inwards  as  far  as  the  muscular 
tunic. 

At  the  base  of  the  urethra  this  muscular  coat  has  two  layers,  viz.,  an  in- 
ternal circular  and  an  external  longitudinal  layer  of  smooth  fibres.  In  the 
lower  portion  the  circular  coat  consists  almost  solely  of  small  bundles,  sepa- 
rated from  one  another  by  an  abundance  of  connective  tissue ;  the  thickness 
of  this  layer  in  Children  measures  from  1.3  to  1.0  millim.  The  external 
lamina  is  somewhat  weaker  and  consists,  too,  solely  of  smaller  fascicles. 
Both  coats  are  mutually  connected  by  intersecting  bundles  having  an  ob- 
lique course ;  and  in  ai)proaching  the  upper  extremity  of  this  portion  of  the 
urethra,  the  texture  of  both  the  inner  and  outer  muscular  tunic  becomes 
somewhat  denser ;  the  bundles  become  larger,  and  consequently  are  propor- 
tionately nearer  together.  Throughout  the  entire  circumference,  small  fas- 
ciculi are  observed  to  press  obliquely  into  the  mucous  coat,  where  they 
break  up  into  single  fibres  and  are  to  be  traced  quite  up  to  the  epithelium. 

In  the  prostatic  portion  the  muscular  tissue  of  the  urethra  has  an  inti- 
mate connection  with  that  of  the  prostate  ;  it  is  obsei-ved  to  consist  mostly 
of  bundles  of  smooth  fibres  having  a  longitudinal  direction  and  situated 
close  to  the  mucous  membrane.  In  the  same  portion  it  is  impossible  to  dis- 
cover more  than  one  longitudinal  muscular  layer  contiguous  to  the  mucous 
membrane  ;  this  is  about  0.58  millim.  tliick,  and  solid,  sending  off  numer- 
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OU6  bundles,  which  diverge  in  an  oblique. direction  to  penetrate  the  mucous 
membrane. 

llie  large,  vascular  and  nervous  trunks  lie  outside  of  the  muscular  tunic  ; 
the  arteries,  after  fHirnishing  numerous  branches  for  this  substance,  penetrate 
the  mucous  tissue,  and  end  in  the  sub-epithelial  venous  capillaiies  of  the  pa- 
pillae as  single  and  double  capillary  loops.  These  vessels,  increasing  rapidly 
in  size,  and  communicating  with  one  another  by  numerous  anastomoses,  con- 
stitute a  venous  plexus  proper  for  the  mucous  membrane,  the  general  direction 
of  which  is  parallel  to  the  urethra.  Muscular  bands,  detived  from  the  mus- 
cular coat,  press  in  between  these  large  veins.  The  thickness  of  the  network 
gradually  increases  towards  the  anterior  end  of  the  pars  membranacea. 

The  venous  branches  passing  outwards  suffer  a  further  diminution  in  size 
and  number,  or  in  other  words  pmaller  venous  vessels  peneti'ate  outwardly, 
and  in  their  passage  through  the  muscular  tunic  take  up  veins  of  the  latter. 

From  this  explanation  it  becomes  evident  that  with  an  increased  influx 
of  blood  to  the  arteries  of  the  uretlira  the  reflux  through  the  returning  veins 
cannot  be  proportionate,  and  that  stasis  of  the  surplus  blood  in  the  large 
venous  networks  must  result.  It  is  fiirther  clear,  too,  that  the  network  of 
the  mucous  membrane  described  above  is  cavernous,  and  that  we  must  agree 
with  Henle  in  regarding  this  portion  of  the  urethra  as  having  a  cavernoua 
body,  though  but  feebly  develojied. 

The  nerves  exhibit  here  the  same  characteristics  as  we  have  observed 
elsewhere  outside  the  muscular  tunic.  Ganglionic  knots  are  interspersed 
throughout  those  nerve-branches  which  are  composed  of  meduUated  fibres. 

Lov6n  found  ganglionic  cells  and  ganglionic  knots  in  three  places :  first, 
in  the  posterior  surface  of  the  membranous  portion  ;  second,  in  the  dense 
connective  tissue  at  the  posterior  portion  of  the  bulb,  and  lastly  in  the  net- 
works which  the  lateral  trunks  of  the  nervi  erigentes  foim  about  the  ves- 
sels at  the  side  of  the  bulb. 

Previous  to  the  enlargement  of  the  corpus  cavemosum  urethrse  *  into  the 
bulb,  and  near  the  point  where  the  crura  penis  meet  the  urethra  (which  still 
lies  below  them),  we  observe  i)ushing  upwards  between  the  two  ischio- 
cavernous and  perineal  muscles  a  mass  of  smooth  longitudinal  muscular 
fibies.  These  are  grouped  in  bundles  of  varying  size,  and  when  seen  in 
cros6-section  are  found  to  be  distributed  over  a  circular  area  whose  diame- 
ter is  2.25  millim.  In  the  central  part  of  the  mass  the  bundles  are 
more  closely  packed  together  than  in  the  peripheral.  On  the  upper  or 
urethral  side  some  oblique  or  even  nearly  circular  bundles  are  seen.  In  direct 
connection  with  the  muscular  mass  is  a  layer  of  longitudinal  smooth  muscular 
fibres,  which  is  situated  between  the  Cowperian  glands  and  their  excretory 
ducts,  or,  more  properly,  the  crura  of  the  penis.  This  muscular  mass  is  only 
separated  from  the  excretory  ducts  of  the  Cowperian  glands  by  a  layer  of 
smooth  muscular  fibres  running  parallel  to  the  course  of  these  ducts.  The 
thickness  of  this  muscular  layer  between  the  Cowperian  glands  reaches  0.89 
millim. ;  that  between  the  crura  of  the  penis  0.54  millim.  Numerous 
bundles  diverge  from  this  muscular,  mass  and  press  in  between  the  lobules 
of  Cowper's  glands,  where  they  terminate.  Trans vei*8ely  striated  muscles — 
the  ischio-cavernous  and  perineal — reach  the  same  points  after  penetrating 
the  glands  from  without  and  below. 

The  muscular  layer  mentioned  above  is  also  connected  with  the  muscular 
trabeculffi  of  the  crura  penis :  it  ascends,  becomes  narrower  while  pointed 
above  and  below,  and  terminates  in  a  connective-tissue  partition*wall  which 


*  Seu  corpus  spoagiosam  urethrsB. — Translator's  Note. 
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is  in  direct  commimication  with  the  bundles  of  connective  tismie  lying  in 
the  under  surface  of  the  corpus  cavernosum  urethrse. 

A  lamina  of  longitudinal  muscular  fibres,  0.54  millimu  in  thickness, 
approaches  the  septum  from  eitlier  side,  meeting  it  at  an  obtuse  angle ;  it  is 
a  direct  continuation  of  the  muscular  tunic  of  the  urethra,  encircles  the  cor- 
pus cavernosum  of  the  same  name,  with  whose  muscular  trabeculae  it 
is  connected.  At  the  point  where  the  muscular  layer  on  either  side  is  ar- 
rested at  the  septum,  just  mentioned,  there  are  several  large  venous  trunks 
rising  vertically  from  the  corpus  cavernosum  of  the  cnira  penis  and  pene- 
trating into  the  erectile  body  of  the^urethra. 

A  description  of  Cowper's  glands  may  be  appropriately  introduced  in  this 
place : — 

The  position  they  occupy  has  already  been  noticed ;  we  will  now  study 
their  structures.  These  bodies  are  oblong,  and  their  long  axis  is  directed 
obliquely  inwards  and  downwards.  The  duct  of  each  gland  ascends  near  the 
crura  of  the  penis,  and  in  this  situation  is  0.18  millim.  in  width,  lined 
with  cylindrical  epithelium,  and,  as  previously  mentioned,  is  accompanied 
by  a  layer  of  smooth  miiscular  fibi'es,  running  parallel  to  the  longitudinal 
axis.  It  diminishes  in  width  as  it  approaches  its  orifice.  From  each  gland 
are  given  off  a  large  number  of  branches,  which  are  furnished  with  two 
or  more  dilatations  whose  diameters  are  from  0.08  to  0.12  millim. ;  these 
are  the  acini.  The  epithelium  is  cylindrical  and  the  basement  membrane 
structureless. 

The  glandular  substance  is  surrounded  here  as  elsewhere  by  a  tolerably 
dense  capiUary  network. 

The  fibrillar  portion^  in  which  the  glandular  substance  is  embedded,  con- 
sists mostly  of  muscles, — as  already  stated, — ^though  connective  tissue  is 
intermingled  to  a  slight  degree. 

In  the  vicinity  of  the  bulb  the  mucous  membrane  of  the  entire  lower  and 
greater  portion  of  the  lateral  surfaces  of  the  urethra  exhibits  laminse  of 
pavement  epithelium  0.18  millim.  in  thickness.     In  this  respect  it  is  sim- 
ilar to  pavement  epithelium  of  the  buccal  cavity  and  other  places,  with  this 
exception,  that  the  uppermost  cells  do  not  seem  to  be  so  much  flattened,  and 
some  bear  an  oblong  nucleus  and  others  a  roundish  one.     The>cells  of  the 
deepest  layer  are  cuboidal  or  polyhedral,  and  have  also  a  rounded  and  pro- 
portionately large  nucleus.     From  the  bulb  onwards  the  laminated  epithe- 
lium gradually  diminishes,  existing  only  for  a  short  didtauce  in  the  median 
line  of  the  under  surface.    It  is  at  first  succeeded  by  a  laminated  transitional 
epithelium,  and  finally  by  the  cylindrical.    Upon  the  sides,  and  especially  on ' 
the  upper  surface,  this  change  occurs  earlier.    Yet  in  this  respect  variations  are 
observed,  for  in  new-born  Children  it  is  not  unusual  to  find  islets  of  laminated 
pavement  epithelium  on  the  upper  as  well  as  under  surfiice.     The  cylindrical 
epithelium,  with  which  the  ui-ethra  is  lined  until  quite  near  the  fossa  navio- 
ularis,  exhibits  an  upper  layer  of  true  cylindrical  cells,  but  nearer  the  base- 
ment membrane  cells  of  the  club  or  spindle-shaped  order.     Yet  there  are 
places  where  but  a  single  tunic  of  the  cylindrical  variety  exists.     At  the 
point  where  the  course  of  the  urethra  commences  to  be  straight  from  behind 
forwards  only  pavement  epithelium  is  found.     The  posterior  portion  of  this 
coat  is  materially  thicker  than  the  anterior.     There  is  il  further  difference 
between  the  epithelium  of  this  anterior  and  posterior  half  of  the  penin^  for 
in  the  former  the  uppermost  cells  exhibit  a  greater  flattening  and  more  tho* 
rough  coalescence  than  in  the  latter.     The  deepest  epithelial  layer  is  always 
composed  of  short  cylindrical  cells,  which  are  placed  close  together  like  the 
timbers  of  a  stookade-— each  call  having  a  rounded  nucleufl.  The  mucous  i 
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brane  of  the  urethra  is  marked  throughout  its  whole  length  by  longitudinal 
folds,  which  also  appear  connected  in  places  by  horizontal  ridges.  It  is  in 
this  way  the  Lacun<e  Morgagni  are  formed. 

The  thickness  of  the  mucous  membrane  is  extremely  uncertain,  since  its 
external  boundary  cannot  be  definitely  determined.    Tliis  is  explained  by  the 
/  fact  that  the  vessels  and  muscles  of  the 

corpus  cavemosum  are  continuous  with 
those  of  the  mucous  membrane.  At  the 
root  of  the  penis  this  membrane  attains  a 
thickness  of  about  0.178  millim.,  but 
further  forward  it  is  somewhat  thinner 
and  then  measures  about  0.13  millim. 

The  papillfe,  which  reach  from  the 
mucous  membrane  into  the  epithelium, 
are  only  numerous  and  well  developed 
where  they  are  brought  in  connection  with 
the  laminated  pavement  cells;  at  the 
points  where  a  transitional  ejnthelium 
exists,  the  papillaB  are  short  and  few  in 
number.  They  ai'e  longest  along  the 
lower  wall  of  the  fossa  navicularis  and  so 
onwards  to  the  orificium  urethra?,  where 
they  attain  a  height  of  0.14  millim. 
All  the  papillae  of  the  urethi'a  have  a  vas- 
cular supply  ;  in  some  instances  but  a  sin- 
gle vascular  loop  is  observed  ;  in  others, 
several  loops,  as  in  the  fossa  navicularis. 
Wherever  papillae  do  not  exist,  or  where 
the  mucous  membrane  is  furnished  with 
cylindrical  epithelium,  we  find,  as  a  sub- 
stitute for  the  former  anungement,  a 
dense  capillary  network  in  the  plane  un- 
derlying and  parallel  to  the  epithelial  tu- 
nic. 

This  membrane  is  loose  in  texture  and 
is  comi»rised  of  a  delicate  meshwork  of 
connective  tissue,  interwoven  thi*oiighout 
with  separate  little  bundles  of  smooth 
muscular  fibres.  These  latter  have  a  lon- 
gitudinal or  oblique  direction,  and  are 
continuous  with  the  musculai*  trabecul» 
of  the  corpus  cavernosum  urethrse. 
Littre's  mucous  glands  have  a  pretty  general  distribution,  and  it  is  ob- 
aerved  that  they  are  more  frequently  met  with  on  the  upper  than  lower  walL 
They  are  broad,  tortuous  ducts,  0.13  millim.  in  diameter,  which  pierce 
through  the  mucous  membrane  in  an  oblique  coui*se  forwards.  The  epithe- 
lium of  the  urethral  surface  is  continued  a  short  distance  into  the  duct. 
These  tubes  have  the  character  of  solitaiy  glands  until  they  reach  the  deep- 
est portion  of  the' corpus  cavemosum  ;  at  Qiis  point  they  are  provideil  with 
four  or  five  half-spherical  lobules — acini — which  have  a  diameter  of  from 
0.08-0.12  millim.,  and  not  infrequently  lie  close  to  the  albugineous  tunic  of 
the  cavernous  body. 

A  single  layer  of  cylindrical  epithelium  lines  the  greater  portion  of  the 
excretory  duct  and  acinus.     In  new-bom  Children  the  nucleus  of  the  cells 


Fig.  238."  Transverse  section 
throtigh  the  spongy  portion  of  the 
urethra  (corpus  cavemoeum  ure- 
thrse). a,  epithelinm  ;  6,  tunica 
mucosa ;  c,  muscular  cords  ;  dj  vas- 
oular  spaces  of  the  corp.  cavern. ;  e, 
glands :  f^  excretory  duct  of  gland  ; 
g,  longitudinal  muscles ;  h,  tunica 
alhnginea.  System  No.  2.  Ocular 
No.  3.     Hartnack. 
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is  not  rounded  in  every  instance,  but,  as  in  Adults,  flattened,  and  the  long 
axis  is  vertioal  to  that  of  the  cell,  which  latter  is  near  to  the  membrana 
propria. 

Since  the  gi*eater  portion  of  each  gland  is  always  embedded  between  the 
vessels  of  the  corpus  cavernosum  and  is  also  invested  by  muscles,  it  is  quite 
evident  that  ei'ection  of  the  virile  organ  can  exercise  a  material  influence 
upon  the  discharge  of  secretions.  It  is  possible,  too,  that  it  may  influence  the 
secretion  itself. 

Finally,  lymphatic  vessels  are  pretty  frequently  met  with  in  the  urethra ; 
their  position  is  in  the  mucous  membrane  near  the  epithelium ;  their  course 
is  patallel  to  the  passage,  and  they  are  connected  with  one  another  by  trans- 
verse and  obliquely  communicating  paths.  On  the  lower  wall  of  the  fossa 
navicularis  they  are  most  highly  developed. 

Penis. 

Both  in  the  corpus  cavemosum  urethrse  and  in  the  corpora  cavernosa  penis 
the  tunica  albugineais  chiefly  composed  of  connective- tissue  and  elastic  fibres, 
though  muscular  tissue  is  also  found  in  some  portions.  The  fibres  of  this 
tunic  are  grouped  in  spiral  bundles  running  parallel  to  one  another,  and 
therefore  bear  some  resemblance  to  the  tissue  of  tendons.  These  connective- 
tissue  bands  unite  in  constituting  about  the  corpus  cavernosum  urethrra  a 
circular  coat  which  is  outwardly  connected  with  the  loose  subcutaneous  re- 
ticulated tissue. 

The  erectile  bodies  of  the  penis  have  also  two  investing  coverings ;  an 
outer  or  longitudinal  and  an  inner  or  circular.  The  former,  however,  is  only 
met  with  at  the  upper  and  lateml  periphery  of  the  erectile  body,  while  the 
circular  layer  is  continued  along  the  under  surface,  and  is  continued  as  the 
median  septum  between  both  bodies. 

In  new-bom  Children  the  thickness  of  the  outer  or  longitudinal  layer  at 
the  root  of  the  penis  measures  0.31  millim.,  while  the  inner  layer  is  0.49 
millim.  In  the  shaft  of  the  penis  this  relation  is  reversed,  for  here  the 
outer  layer  measures  0.45  millim.  and  the  inner  0.26  millim.  in  thickness. 

Numerous  spindle-cells  are  interspersed  between  the  connective-tissue 
bundles.  The  elastic  tissue  assumes  the  form  of  close  networks  both  in  the 
albugineous  tunic  of  the  corpora  cavernosa  penis  and  in  that  of  the  corpus 
spongiosum  urethrse.  In  new-born  Children  oblong  nuclei  are  embedded  in 
these  mesh  works. 

But  there  are  also  other  reticula  in  new-bom  Children,  both  in  the  tunica 
albuginea  of  the  corpora  cavernosa,  and  also  in  that  of  the  surrounding  loose 
tissue.  These  are  nucleated  cells,  which  sometimes  occur  in  nets,  of  various 
extent  and  exhibit  precisely  the  same  characters  as  have  been  observed  in  em- 
bryonic tendon-tissue. 

Both  in  the  tunica  albuginea  of  the  corpus  cavemosum  urethr»  and  also* 
in  that  of  the  corpora  cavernosa  penis,  especially  in  the  shaft,  smooth  mus- 
cular fibres  exist.  Their  number  is  larger  in  the  tunica  albuginea  of  the  corpus 
cavemosum  urethrro,  in  which  they  have  a  circular  course,  &ian  in  that  of  the 
corpora  cavernosa  penis.  In  this  latter  they  observe  a  direction  correspond- 
ing with  the  tissue  in  which  they  are  situated,  but  the  fibres  are  always 
circular,  where  the  tunica  albuginea  has  but  one  layer.  Now  and  then  the 
fibres  are  grouped  together  and  penetrate  obliquely  the  muscular  trabecul» 
of  the  coipora  cavernosa. 

In  the  loose  tissue  lying  contiguous  to  the  tunica  albuginea  laige  nervous 
trunks,  composed  of  medullated  fibres,  are  met  with.     In  new-born  Ghildroa 
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very  many  of  them,  accompanied  by  smaller  blood-vessels,  lie  qnite  close  to 
the  tunica  albnginea,  in  oblong  spaces  filled  with  lymph  coi*p!iscles  and 
bounded  by  connective  tissue.  These  spaces  may  be  regarded  as  belonging 
to  the  lymphatic  system.  Now,  from  these  nerve-trunks,  lying  outside  of 
the  tunica  albuginea,  small  branches  enter  the  corpora  cavernosa,  where  they 
are  traced  for  a  distance  as  medullatedand  further  on  as  non-raedullated  fibres. 
They  are  chiefly  derived  from  the  plexus  cavemosus  of  the  sj^mpathetic, 
though  to  a  slight  extent  also  from  the  internal  pudic,  whose  chief  function 
i3  to  supply  the  skin  as  well  as  the  mucous  membrane  of  the  urethra. 

In  the  loose  tissue  that  sun'ounds  the  albugineous  tunic  there  are  groups 
of  fat-ceJls  and  Pacinian  corpuscles.  The  latter  are  to  be  met  with  both  at 
the  root,  in  the  shaft,  and  vicinity  of  the  corona  glandis.  They  have  been 
observed  by  Schweigger-Seidel  at  a  distance  averaging  between  8  and  10 
miliim.  from  the  posterior  border  of  the  glans.  They  are  'all  of  them 
elliptical,  and  the  long  diameter  is  parallel  to  the  sliaft  of  the  penis.  The 
axis-cylinder,  which  is  very  broad,  remains  undivided  at  the  a]>ex.  I  have 
observed  these  bodies  also  in  the  corpus  cavernosum  of  the  crura  penis. 

The  muscular  bundles  about  the  corpus  cavernosum  [)eni8  unite  in  forming 
an  outer  longitudinal  sheath  adjoining  the  tunica  albuginea  and  reaching  a 
thickness  of  0.09  miliim.  There  are  also  oblique  bundles  establishing  a 
connection  between  this  outer  layer  and  the  undei-lying  muscular  framework. 
In  the  corpus  cavernosum  urethrte  this  outer  sheath  is  observed  only  at  irre- 
gular intervals  and  is  always  feebly  developed ;  in  the  corpora  cavernosa  penis, 
too,  it  is  only  met  with  as  an  especial  sheath  in  the  jwsterior  and  latei-al  sur- 
faces. The  muscular  cords  which  are  spread  out  between  the  vascular  spaces, 
and  which  the  latter  bound,  consist  partly  of  longitudinal,  partly  of  oblique, 
and  partly  of  circular  fibres,  all  of  which  intercross  in  various  directions. 

The  individual  muscular  fibres  are  extremely  short  in  proportion  to  their 
nuclei,  so  that  in  almost  all  instances  where  we  observe  polyhedral  outlines 
— con-esponding  to  the  contours  of  the  cells,  in  bundles  cut  trausveraely 
across — we  also  have  transverse  sections  of  the  nuclei. 

The  blood-vessels  of  the  corpora  cavernosa  are  arteries,  veins,  capillaries, 
and  finally  a  dense  network  of  large  spaces,  bounded  by  muscular  cords  and 
lined  with  laminated  epithelium ;  these  latter  constitute  the  cavernous  sub- 
stance proper. 

The  corpus  cavernosum  urethrw  is  more  complete  in  structure  along  the 
lower  wall  than  on  the  upper.  In  the  latter  the  large  cavernous  spaces 
extend  quite  to  the  albugineous  tunic,  while  on  the  lower  and  partly  on  the 
lateral  wall  there  is  an  almost  continuous  muscular  lamina  situated  between 
a  cortico-vajBCular  layer  and  the  chief  bulk  of  the  corpus.  This  lamina  is 
pierced  at  some  few  points  for  the  transmission  of  vessels  passing  inwards. 
A  similar  arrangement  exists  in  the  corpus  cavernosum  of  the  (lenis :  the 
largest  spaces  are  in  the  centre,  but  within  the  limits  of  a  semicircle  out- 
wards towards  the  periphery  a  continued  decrease  in  size  takes  place.  More 
externally  these  spaces  or  lacunte  are  gradually  compressed  by  a  sheath 
consisting  almost  solely  of  muscles,  and,  finally,  at  the  very  border  of  the 
albugineous  tunic,  they  constitute  a  feeble  cortical  layer. 

From  the  centre  of  each  body,  in  a  direction  towards  the  septum,  the 
spaces  decrease  slightly  in  size.  Those  adjacent  to  the  septum  of  both  bodies 
are  mutually  connected  by  oblique  and  transverse  anastomoses,  and  the  trans- 
verse branches  are  accompanied  by  muscular  cords. 

From  the  corona  glandis  onward  towards  the  anterior  extremity  of  the  penis 
the  corpus  cavernosum  urethrse  diminishes  gradually  in  size,  the  change 
taking  place  at  fiinst  in  the  upper,  and,  finally,  in  the  lower  wall.    There  st^l 
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remain,  however,  in  the  latter  some  few  transverse  branches,  wMch  niiite  the 
vascnlar  spaces  of  both  lateral  walls.  By  and  by  a  connective-tissue  partition 
wall — corresponding  to  the  freeuulum  prseputii — is  seen  in  the  lower  wall ; 
it  enters  from  without,  so  that  the  anterior  end  of  this  body  appears  divided, 
from  below  upwards,  into  two  sections.  It  is  observed  sometimes  thafc  such 
connective-tissue  masses  can  constitute  a  true  albugineous  tunic,  circumscrib- 
ing an  elliptical  domain  on  either  side  of  the  corpus  cavemosum  urethrsB.  At 
either  side  within  this  substance,  therefore,  there  can  be,  apparently,  other 
cavernous  bodies.  Now,  as  soon  as  the  corpora  cavernosa  penis  have  tapered 
down  to  a  point  at  the  corona  glandis,  the  corpus  cavernosum  urethrm  gra- 
dually loses  its  individuality  and  becomes  the  corpus  cavemosum  of  the  glans. 
This  latter  appears  open  on  the  under  side,  and  in  the  vicinity  of  the  urethral 
orifice  is  separated  by  connective  tuBsue  into  two  halves ;  these  are  united  at 
intervals  by  tiunsverse  anastomoses.  The  lack  of  continuity  in  the  lower 
wall  of  the  coqius  cavemosum  glandis  is  caused  by  connective-tissue  bands 
which  extend  upward  from  the  urethra. 

In  the  glans  there  are  fewer  muscles  in  the  trabecular  tissue  between  the 
vessels  than  in  the  erectile  bodies  of  the  penis  and  urethra.  In  the  caver- 
nous body  of  the  glans  the  largest  vascular  spaces  are  grouped  more  closely 
ixigether  in  the  lower  and  external  portions,  while,  on  the  other  hand,  in  the 
upper  portions  the  spaces  are  smaller  and  less  numerous.  Between  and  con- 
nected with  them  a  close  and  fine  vascular  network  is  spread  out,  of  which 
mention  will  be  made  further  on ;  this  delicate  vascular  net  attains  a  high 
development  in  the  lower  lateral  portions. 

The  vessels  which  are  supplied  to  the  prepuce  are  directly  connected  with 
the  cortical  section  of  the  lower  cleft  portion  of  the  glans.  As  regards  the 
arteries  of  the  penis,  they  are,  as  is  well  known,  branches  of  the  common 
pudic  artery.  Kobelt  has  named  them  the  artery  of  the  bulb,  the  bulbo- 
urethral, the  dorsal  and  profunda  arteries.  The  latter  is  the  som*oe  of  the 
arteria  bulbosa  penb,  which  is  supplied  to  the  root  of  the  penis  and,  arch- 
ing over,  anostomoses  with  its  fellow  of  the  opposite  side.  From  this  arch 
the  arteria  cavernosa  penis  is  given  off  to  supply  the  corpus  cavemosum 
as  far  as  its  anterior  extremity.  The  arteria  dorsalis  penis  furnishes  the 
principal  vascular  supply  for  the  glans,  and  contributes  twigs,  too,  for  the 
corpus  cavemosum  penis. 

According  to  Jarjavay  and  Sappey,  five  to  eight  branches  are  given  off 
from  the  dorsal  artery ;  they  surround  the  i)enis,  anastomose  with  the  bulbo- 
urethral, and  terminate  in  the  cavernous  body  of  the  uretlira.  According 
to  Langer,  four  or  five  perforating  branches  must  be  added  to  the  foregoing ; 
these  anastomose  with  the  branches  both  of  the  dorsal  and  bulbo-urethral 
arteries.  But  he  also  adds  to  these  latter  the  perforating  ai'teries  of  the 
arterial  septum ;  they  are  derived  from  the  artei-ia  cavernosa  penis,  ascend 
near  the  septum  towards  the  vena  dorsalis  penis,  anastomose  with  one 
another  and,  together  with  branches  of  the  arteria  dorsalis  penis,  with  which 
they  communicate,  supply  the  tunica  albuginea  of  the  corpora  cavernosa. 

It  is  well  known  that  Johann  Muller  classified  the  arteries  of  the  corpus 
cavemosum  as  nutrient  and  helicine  arteries.  (Kami  nutritii  et  arterin 
helicin«.) 

The  former,  therefore,  according  to  his  division,  indicate  the  arteries  of  the 
trabecular  tissue — or  the  vasa  vasorum — which,  after  anastomosing  freely 
with  one  another,  terminate  in  capillaries.  He  estimated  the  length  of  the 
helicine  arteries  at  one  line,  and  tlieir  breadth  at  one-fifbh  of  a  millimetre,  and 
stated  that  they  prq)ect  into  the  cavernous  spaces  in  the  form  of  tendrils,  do 
not  branchy  and  terminate  abruptly  in  club-shaped  processes  which  are  bent 
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like  horns.  He  fui-ther  supposed  that  at  the  commencement  of  the  act  of  erec- 
tion their  extremities  open,  and  in  this  way  fill  the  caverns  with  arterial  blood. 
Now,  the  existence  of  such  arteries  is  corroborated  by  some  investigators,  as, 
for  example,  Krause,  Kobelt,  Hyrtl,  Gerlach,  and  denied  by  others,  as  M.  J- 
Weber,  Arnold,  Segond,  Kohlrausch,  Kouget ;  Langer,  however,  has  finally 
set  the  matter  at  rest,  after  a  comprehensive  and  thorouglily  correct  exhi- 
bition of  the  facts,  and  has  decided  in  favor  of  the  latter  histoiogists. 

Langer,  Valentin,  Arnold,  and  Henle  have  demonstrated  that  the  greater 
poi'tion  of  the  helicine  arteries  are  nothing  more  than  the  overlapping 
trunks  of  arterial  loops  more  or  less  completely  injected  ;  they  have  shown 
that  the  apparent  existence  of  these  arteries  is  due,  further,  to  the  form 
of  the  muscular  ti'abeculse,  since  in  those  laminee,  in  the  shaft  of  the  penis, 
which  are  cylindrical  or  have  funnel-shaped  convolutions,  the  arterial  twigs 
are  unbranched,  whereas,  in  the  cord-like  trabecular,  that  also  are  found  in 
the  shaft,  the  vessels  are  branched,  and  the  so-called  arteries  helicinaB  are 
thus  produced.  It  must  be  maintained,  therefore,  with  Langer,  that  all  the 
subdivisions  of  the  arteria  corporis  cavernosi  are  essentially  of  like  im- 
portance. As  to  the  mode  in  which  the  circulation  in  the  corpus  caver- 
nosum  penis  terminates,  J.  Muller  and  Krause  asserted  that  arterial 
blood  emptied  directly  from  the  helicine  arteries  into  the  caverns.  Ac- 
cording to  Valentin,  however,  the  smallest  arteries  open  by  funnel-shaped 
terminations  into  the  venous  spaces ;  Houget  states  that  these  spaces  are  de- 
rived from  the  arteries  of  the  trabecular  after  opening  by  slits  at  the  surface 
of  the  latter.  Langer  has  shown  that  there  is  a  difierent  mode  of  termina- 
tion in  the  cortical  and  central  portion  of  the  corpus  cavemosum  penis  ;  in 
the  former  portion  small  arterial  twigs — not  capillaries,  though  requiring  a 
magnifying  power  of  from  15  to  20  diameters  to  render  them  apparent — pass 
over  into  the  coanser  cortical  layer ;  near  by,  at  the  periphery,  is  also  a  trans- 
itional foLin  in  communication  with  real  ca])illaries,  which  latter  constitute 
the  finer  capillary  network  of  the  cortex.  In  the  interior  of  the  erectile 
body  there  is  also  some  intercommunication  by  capillaries.  The  entire 
periphery  of  the  erectile  body  serves  as  a  reservoir  through  which  arterial 
blood  reaches  the  erectile  labyrinth.  Further,  there  ai*e  transitions  from 
arterial  branches  to  large  veins  in  the  interior  of  this  body,  under  the 
form  of  conical  enlargements,  which  represent  a  part  of  the  internal  venous 
plexus. 

Accordingly,  there  are  three  modes  of  vascular  transition  in  the  corpus 
cavemosum  penis.  First,  there  is  a  direct  commimication  between  the  larger 
arterial  and  larger  venous  branches.  Second,  the  coai-ser  cortical  network  of 
veins  receives  the  finest  ai'terial  branchlets.  Finally,  there  is  a  direct  anasto- 
mosis between  capillaries,  as  in  the  finer  cortical  networks,  and  in  the  in- 
terior of  the  erectile  body.  The  erectile  labyrinth  of  the  })eni8  ib  a  true 
venous  network.  The  veins  returning  blood  from  the  erectile  bodies  of  the 
penis  are  the  dorsal  veins — venee  emissarisd  of  J.  Muller — which  contribute 
to  supply  the  vena  dorsalis  and  the  veins  on  the  abdominal  side  of  the  penis — 
venae  emissarise  of  Kohlrausch.  The  former  proceed  directly  from  the  caver- 
nous plexus,  the  latter  from  the  interior  of  the  corpora  cavernosa,  and  pene- 
trate through  openings  in  the  cortical  network.  This  relation  is  of  great 
importance  in  erection,  since,  as  a  necessary  consequence  of  filling  the  corti- 
cal network,  which,  as  already  stated,  is  the  principal  reservoir,  compres- 
sion of  the  returning  veins  must  ensue.  In  the  crura  penis  the  venous 
channels  belong  to  the  system  of  the  von»  profunda^.  As  Langer  has  shown, 
these  are  not  direct  continuations  of  the  great  erectile  veins,  but  are  derived 
from  the  fine  branchlets  given  ofi*  from  them. 
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Fig.  239. 
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According  to  Langer's  authority,  therefore,  the  erectile  tissue  of  the  cor- 
pora cavernosa  penis  is  to  be  regarded  "  as  a  broadly -expanded  rete  mirabile, 
which,  in  relation  to  the  dorsalis,  ia  unipolar,  but  to  the  ven«  profund» 
bipolar."  We  must  agree  with  I^anger,  too,  that  there  is  an  outer  and  inner 
portion  to  be  distinguished.  The  outer  consists  of  anastomosing  veins  lying 
close  together — rete  mirabile  venosum  (Kohlrausch,  Jarjavay).  This  por- 
tion represents  the  proper  erectile  tissue  of  the  urethra.  The  inner  portion 
is  a  venous  network  of  the  ui-ethra  itself,  and  consists  of  small  longitudinal 
and  almost  parallel  vessels,  which  are  connected  with  one  another  by 
numerous  short  and  tortuous  anastomoses.  The  outer  portion  is  directly 
continued  into  the  bulb  as  an  erectile  plexus ;  the  inner  subserves  the 
character  of  a  venous  network  throughout  the  membranous  and  prostatic 
portions  and  extends  to  the  bladder. 

The  arteries  furnish  some  twigs  which  reach  the  mucous  membrane  of  the 
urethra,  and  there   become  capillary, 
and  others  that  supply  the  corpus  ca- 
vemosum  ending  likewise  in  capillaries. 

The  circulation  of  the  corpus  caver- 
nosum  always  terminates  abruptly  by 
capillaries.  The  trunks  of  the  return- 
ing venous  blood — veuas  elTereutes — 
develop  themselves  from  smaller  ves- 
sels. 

The  vascular  system  of  the  glans  is 
fdmilar.  Here,  too,  the  spongy  tissue 
is  a  tete  mirabile  venosum  derived 
from  capillaries  (Hausmann,  Kobelt, 
Jarjavay).  The  coarse  network  of 
veins,  as  we  have  already  stated,  is 
crossed  by  a  close  and  fine  network ; 
from  the  most  superficial  capillarj'^  nets 
numerous  loops  extend  up  into  the  pa- 
pillie  of  the  glans,  and  finer  veins  re- 
taming  therefrom  open  into  the  peri- 
pheral cavernous  spaces  of  the  same 
structure.  The  branches  of  these 
loops  are  distinguished  by  their  tor- 
tuous course  (Langer) ;  indeed,  many 
of  them  are  quite  like  tendrils. 

The  communication  of  the  erectile 
body  of  the  glans,  with  that  of  the 
urethra  is  effected  by  the  efferent  veins 
of  the  glans  and  the  relation  is  such 
that  the  finer  twigs  of  this  venous 
plexus  lie  in  the  glans,  while  the  coai*s- 
er  lie  in  the  corpus  cavernosum  ure- 
thral. 

This  plexus  of  veins  lies  on  the  dorsal 
side  of  the  penis  and  was  first  recog- 
nised by  Kobelt.  It  also  reaches  out 
between  the  corpora  cavernosa  penis 
and  corpus  spongiosum  urethne,  and 
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Fig.  239.  TransveiBe  section  through 
the  injected  gland,  a,  epithelium  of 
the  urethra ;  b^  tanioa  macosa ;  c,  cor- 
pus oavemoenm  urethne ;  d,  corpus  ca- 
vemosum  glandis ;  e^  mucous  membrane 
of  the  glans ;  /,  epithelium  of  the  glans. 
System  No.  2.  " 

nack. 


Ocular   No.   8.    Hart- 


appears  to  constitute  an  especial 
cavernous  body,  for  smooth  muscular  fibres  occur  in  the  trabeculsa  and  it 
is  frequently  enveloped  by  a  feeble  tunica  albuginea. 
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The  mucous  membrane  of  the  glans  is  clothed  with  a  laminated  pave- 
ment epithelium  from  0.12  to  0.14  miliim.  in  thickness^  and  is  distin- 
guished from  that  of  the  urethra  by  being  less  transparent  and,  further,  by 
the  fact  that  the  uppermost  cells  are  more  strongly  flattened,  and  ai-e 
fused  with  one  another.  The  nuclei  of  these  cells  are  all  rod- shaped.  In 
the  middle  layers  there  are  well-formed  ribbed  cells,  wliile  the  lowest  layer 
is  composed  of  cylindrical  epithelium,  the  cells  being  crowded  together,  so 
as  to  display  somewhat  the  appearance  of  a  stockade.  The  mucous  mem- 
biune  is  rich  in  elastic-fibre  networks,  and  has  single  or  branched  conical 
papillsB  closely  grouped  together.  They  are  more  highly  developed  in 
Adults  than  in  new-born  Children. 

Nerves  are  very  numerous  in  the  glans,  and,  according  to  Kolliker,  end 
in  Krause's  club-shaped  extremities  found  in  the  papillee. 

In  the  prepuce  we  generally  find  the  same  stiiicture  as  in  the  skin.  The 
epithelium  of  the  inner  layer,  however,  approximates  in  appeaiance  the 
laminated  pavement  variety. 

In  the  skin  of  the  penis,  as  well  as  in  the  outer  and  inner  lamina  of 
the  prepuce,  there  are  sebaceous  glands.  In  the  latter  place  they  measure 
0.6  millim.  in  the  long  diameter,  and  0.35  millim.  in  the  transvei-se. 
These  glands  (glandulas  Tysonianse)  reach  as  far  as  the  corona  glandis,  at 
the  same  time  that  the  size  and  number  of  their  diverticula  gradually  dimin- 
ish. In  new-born  Children  they  are  abundantly  and  well  developed  on  both 
sides  of  the  prepuce.  In  Adults  it  is  sometimes  hard  to  find  them.  In 
general,  sebaceous  glands  are  not  found  in  the  glans  penis ;  still  Schweiggei> 
Seidel,  in  one  instance,  has  seen  the  simple  forms  at  the  apex  of  the  glans. 
Structurally  these  glands  of  the  foreskin  are  quite  similar  to  sebaceous 
glands  elsewhere. 

The  urethra  of  all  Mammals  passes  through  the  penis;  of  Birds  only  the  Ostrich, 
some  gallinaceous,  and  a  few  web-footed  Birds  have  a  true  penis. 

In  the  Tiuiile,  among  Amphibians,  the  sexual  organ  is  single ;  in  Snakes  and  Lizards 
it  is  double.  The  penis  of  Birds  and  ^Amphibians  is  not  pervious,  but  simply  has  a  chan- 
nel for  escaping  semen  (Leydig).  Corpora  cavernosa  are  pretty  general  in  the  penis 
of  Mammals ;  in  Birds  cavernous  tissue  is  about  the  penis  or  in  the  interior  (Struthio). 

Most  Amphibians,  too,  have  erectile  tissue,  and  this  either  surrounds  the  penis  in 
the  form  of  a  sheath  (Saurians)  or  is  well  develoi)ed:  in  the  penis  and  glans  (Turtles 
and  Crocodiles).  In  many  Mammals  bony  plates  occur  in  the  penis.  The  Cat,  for 
example,  has  a  short  bony  plate  at  the  apex  of  the  glans  above  ttie  urethra ;  this  bony 
substance  posteriorly  towards  the  corona  has  a  small  roundish  oartilaginoos  kernel. 
Around  the  bony  lamina  and  cartilaginous  mass  the  corpus  cavemosum  glandis  is 
spread  out  in  the  form  of  a  semicircle. 

In  place  of  the  corpora  cavernosa  penis  Cats  have  an  adipose  pad  surrounded  by  a 
tough  albugineous  tunic  and  subdivided  in  sections  by  connective -tissue  cords.  A 
feeble  lamina  of  large  veins  stretches  up  by  the  side  of  the  pad  from  below.  These 
vesseli  form  an  intricate  anastomosis  with  one  another. 

Female  Sexual  Organs. — Labia  Pudendi. 

We  encounter  in  the  labia  majora  all  the  elements  of  the  skin. 

The  basis  structure  is  a  connective- tissue  framework  which,  springing 
from  the  deepest  portion,  radiates  out  towards  the  periphery.  Internally 
the  texture  is  loose,  forming  the  subcutaneous  tissue ;  towards  the  epidermis 
it  becomes  tougher  and  thicker  and  constitutes  the  cutis.  Where  the  tex- 
ture is  quite  loose  there  are  groups  of  fat-cells,  large  vascular  and  numer- 
ous nerve  trunks ;  sweat  glands  and  hair  follicles,  too,  are  represented  in 
large  numbers.  The  sebaceous  glands  are  remarkable  for  their  size — reach- 
ing a  diameter  of  0.5  millim. — and  it  is  also  curious  that  some  open  directly 
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on  the  free  8ur&ce.  Adjacent  to  the  surface  tolerably  dense  networks  of 
elastic  fibres  are  spread  out  flatwise ;  smooth  muscular  fibres  are  regularly 
interspersed  between  them  (Henle).  In  regard  to  papillsB,  nerves,  Pacinian 
bodies  and  vessels,  the  labia  majora  do  not  differ  from  the  skin  of  other  parts. 

Near  the  point  of  reflexion  upon  the  labui  minora  the  epidermis  becomes 
more  transparent ;  the  uppermost  cells  ai*e  still  firmly  fused'  together,  but 
the  club-shaped  nuclei  within  them  are  readily  seen.  On  the  labia  minora 
we  encounter  well-marked  lamincB  of  pavement  epithelium,  and  the  deepest 
cells  in  many  instances,  even  in  new-bom  Children,  contain  pigment  gran- 
ules about  a  rounded  nucleus. 

The  mucous  membrane  contiguous  to  the  epithelium  has  upon  its  surface 
close  rows  of  vascular  papillm,  in  the  form  of  cones  with  dilated  apices. 

The  mucous  tissue  has  no  fat,  and  smooth  muscular  fibres  are  found  in  the 
connective-tissue  cords.  The  framework  of  the  mucous  membrane  shows 
the  same  character  here  as  in  the  labia  majora,  for  networks  of  stout  tra- 
becule are  seen  stretehing  from  below  up  tewards  the  periphery.  Sebaceous 
glands  without  hairs  occur  in  the  labia  minora  except  on  the  inner  side ; 
they  measui-e  0.2  millim.  in  diameter,  and  are  therefore  smaller  than  in  the 
labia  majora.     They  are  not  found  at  the  time  of  bii*th. 

The  twigs,  which  are  given  off  from  the  branches  of  the  labiolis  posterior, 
enter  the  papillie  as  simple  loops  running  tortuously. 

The  capillaries  form  networks  on  the  surface  and  in  the  substance  of 
the  labia  minora ;  from  these,  plexuses  of  fine  veins  are  derived ;  these  latter 
appear  everywhere  crossed  by  the  capillary  network  (Gussenbauer).  Ac- 
cordingly, the  labia  minora,  like  the  glans  cliteridis,  have  an  erectile  tissue 
(Crussenbauer). 

Clitoris  and  Vestibule. 

The  mucous  membrane,  as  prseputium  and  frsenulum,  is  iu  direct  commu- 
nication with  the  labia  minora  and  mucous  membrane  of  the  vestibule. 
Structurally,  that  is,  in  point  of  epithelium,  mucous  tissue,  papillae,  and 
nerves,  it  is  very  similar  to  the  labia  minora. 

The  mucous  membrane  of  the  clitoris  envelops  the  corpora  cavernosa  and 
glans,  and  this  latter  is  in  connection  with  both  bulbi  vestibuli.  The 
latter  correspond  to  the  cleft  corpus  spongiosum  uretlur»  in  the  Male.  The 
corpora  cavernosa  of  the  clitoris,  as  well  as  the  bulbs  of  the  vestibule,  are 
also  enclosed  by  a  fibrous  tunic,  and,  as  in  the  Male,  have  large  venous 
plexuses,  in  the  interspaces  of  which  are  found  numerous  smooth  muscular 
fibres.  In  other  respect-s  they  are  similar  to  the  corresponding  pai'ts  of  the 
Male,  and  here,  too,  have  a  direct  connection  with  the  vascular  loops  of  the 
papillffi. 

Gussenbauer,  in  an  exhaustive  description  of  the  vascular  distribution  in 
the  external  sexual  organs  of  the  Female,  has  confirmed  the  long-asserted 
anal<^  between  the  corpora  cavernosa  penis  and  clitoris  by  proving  the 
following  points : — 

Firat,  that  towards  the  root  of  the  clitoris  the  small  arteries  discharge 
their  blood  directly  into  larger  veins. 

Second,  that  towards  the  suiface  arterial  blood  is  received  into  the  finer 
venous  plexuses  through  minute  arterial  twigs. 

Finally,  that  the  capillary  network  under  the  surface,  into  w^hich  the 
arteries  empty,  especially  towards  the  anterior  end,  is,  together  with  the 
finer  venous  plexus  connected  with  it,  the  medium  for  communication  with 
the  coaraer  erectile  tissue. 
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Tbe  erectile  labyrinth  of  the  bulbus  vestibuli  is  analogous  in  structui'e 
to  that  of  the  clitoris.  The  outer  surface  of  the  bulb  has  a  coarse  venous 
network,  the  inner  a  finer  one.  Through  the  interstices  of  the  latter,  veins 
press  in,  to  join,  within  the  submucous  tissue  of  the  urethra  and  vestibu- 
luoL,  the  venous  network  that  is  spread  over  the  anterior  wall  of  the 
vagina,  as  far  as  the  bladder  (Gussenbauer). 

In  the  process  of  erection  the  ven»  profundte  hold  the  same  important 
relation  to  the  cortical  layer  of  the  erectile  body,  as  in  the  penis.  The 
relation,  too,  between  other  veins  and  the  bulbo-  and  ischioH>avemoua 
muscles  is  notable;  for  when  these  latter  contract  they  compress  the 
returning  veins  in  the  cavernous  bodies  of  the  clitoris  and  bulbus  vestibuli. 
The  pars  intermedia — a  venous  plexus  derived  fmm  the  posterior  surface  of 
the  clitoris — is  the  medium  of  communication  between  the  corpus  caverno- 
Bum  of  the  clitoris,  the  bulb,  nymphee,  frsenulum  and  glans. 

The  mucous  membi-ane  of  the  vestibule  is  marked  by  numerous  folds : 
numerous  mucous  follicles  open  on  the  free  surface;  they  are  irregularly 
distributed  over  the  vestibule,  and  never  occur  in  closely  crowded  groups 
except  at  the  orifices  of  the  urethra  and  vagina.  They  are,  essentially, 
branched  tubes,  provided  at  the  deeper  portions  with  a  number  of  dilata- 
tions, and  in  every  instance  are  clothed  with  a  single  epithelial  covering ; 
the  laminated  pavement  epithelium  of  the  mucous  surface  is  only  found  at 
the  orifice  of  the  duct.  The  size  of  the  glands  varies  between  0.5  and 
•2.5  millim.  The  glands  of  Bartholine,  which  discharge  at  the  side  of  the 
vaginal  entrance,  are  quite  similar  in  structure  to  Cowper's  glands  of  the 
Male.  They  are  ovate  in  form,  and  lie  along  the  posterior  border  of  the 
uro-genital  diaphragm.  They  also  hold  an  important  relation  to  the  muscles 
of  the  perinaBum,  for  they  are  more  or  less  enveloi>ed  by  them,  and  indeed 
some  solitary,  muscular  bundles  pass  in  between  the  glandular  lobules. 
This  is  especially  true  of  tlie  bulbo-cavernous  (accelerator  urin»)  muscle. 
The  excretory  duct  is  from  15  to  20  millim.  long,  its  wall  i*  0.2  millim. 
thick,  its  lumen  measuring  from  4  to  5  millimeti-es  (Henle). 

The  duct  is  invested  throughout  with  cylindrical  epithelium  excepting 
at  the  orifice,  where  there  are  laminfe  of  pavement  cells.  After  dividing 
and  subdividing  it  terminates  in  numerous  half-spherical  or  ovoid  diverti- 
cles — Pacini.  These  acini  are  furnished  with  cylindrical  epithelium  of  vari- 
ous lengths  and  correspond  in  every  respect  with  those  in  Cowper's  glands. 

Lying  near  the  mucous  surface  are  networks  of  vessels  with  which  the 
vascular  loops  of  the  papillae  are  connected ;  nerves  having  medullated  fibres 
(sympathetic  and  pudendal),  are  also  frequently  met  with,  especially  in  the 
mucous  membrane  of  the  glans.  Krause's  club-shaped  termini  and  the  Pa- 
cinian bodies  have  been  observed  in  these  nerves. 

Hymen  and  Vagina. 

At  the  entrance  of  the  vagina  the  mucous  membrane  forms  a  duplicature — 
the  hymen.  The  epithelium  is  laminated  and  has  about  the  same  thickness 
as  in  the  vestibule,  viz. :  from  0.3  to  0.5  millim.  The  delicate  mucous  mem- 
brane, rich  in  blood-vessels  and  nerves,  with  its  single  and  multiple,  long  and 
conical,  branched  and  unbranched  papillm,  projects  into  the  epithelial  coat. 
The  papillae  are  closely  crowded  together  and  measure  from  0.2  to  0.3  mil- 
lim. in  length. 

The  mucous  membrane  of  the  vagina  is  uneven,  and  especially  in  the 
vicinity  of  the  vaginal  entrance,  both  on  its  posterior  and  anterior  wall,  is 
distinguished  by  transverse  fold-like  or  broad  papillary  elevations  which  are 
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richly  6upj>lied  with  capillary  networks.  Tlie  surface  of  each  fold  is  mark- 
ed at  intervals  by  furrows  of  varying  depth,  which  divide  it  into  giH>\ips  of 
large,  broad  and  solitary  papillae. 

The  vaginal  mucous  membrane  is  lined  with  pavement  epithelium,  some  0.6 
millim.  in  thickness,  and  has  a  fi'Bmework  of  connective  tissue  with  which 
numerous  elastic  fibres  are  associated,  and  from  which  tissue  the  papillae, 
supplied  with  vascular  loops,  stretch  upwards  into  the  epithelium. 

The  submucous  tissue  is  loose  in  texture,  and,  as  we  shall  show  presently, 
contains  numei-ous  vascular  nets.  The  muscular  tunic,  adjoining  the  mucous 
coat  and  connected  with  it,  is  arranged  in  two  layers,  an  inner  or  longitudinal, 
the  stouter,  and  an  outer  or  circular.  Both  these  tunics  are  connected  by 
oblique  intersecting  bundles. 

From  the  internal  layer  muscular  bundles  also  enter  the  submucous  tissue 
and  pass  through  into  the  tunica  mucosa,  terminating  in  the  papill».  The 
bundles  of  the  muscular  coat  are  separated  by  a  pretty  large  amount  of  con- 
nective tissue,  so  that  it  does  not  appear  homogeneous  throughout ;  externally 
is  a  layer  of  loose  connective  tissue,  upon  which  the  exteiiial  venous  plexus 
lies.  All  the  coats  diminish  in  thickness  as  they  approach  the  fornix. 
The  finer  vascular  subdivision  in  the  mucous  membrane  of  the  vagina  is  as 
follows : — 

TThe  arteria  vaginalis  enters  the  vagina  from  behind  and  gives  off  branches 
for  the  anterior  and  lateral  walls  before  reaching  the  muscular  coat.  These 
arterial  branches,  after  obliquely  penetrating  the  muscular  tunic,  either  break 
up  into  a  submucous  capillary  network  or  ftimish  small  twigs  to  the  papil- 
lae. In  the  upper  portion  of  the  vagina  one  vascular  loop  enters  the  papil- 
lae, but  in  the  lower  portion  several.  The  capillary  loops  of  the  compound 
papillae,  after  anastomosing  freely,  unite  to  form  a  mesh  work  from  which  the 
central  venous  vessel  of  the  papilla  is  supplied  with  blood.  In  the 
folds  there  are  numerous  veins  of  large  size,  plexiform  in  distribution, 
together  with  smooth  muscular  fibres,  derived  from  the  muscular  tunic,  as  be- 
fore desciibed.  This  venous  plexus  can  be  I'^garded,  therefore,  as  a  caver- 
nous structure  (Gussenbauer).  The  veins  entering  the  submucous  tunic 
form  meshes  corresponding  to  the  long  axis  of  the  vagina.  These  veins 
unite  to  form  stouter  tiimks  which  pierce  through  the  muscular  coat 
and  constitute  the  plexus  vaginalis.  In  the  walls  of  the  plexus  there  is  the 
same  system  of  trabeculae  as  in  other  erectile  organs. 

The  vaginal  mucous  membi*ane  is  richly  supplied*  with  lymphatics  and 
nerves;  little  is  known  in  regard  to  their  finer  subdivisions.  In  those  trunks 
which  are  made  up  of  meduUated  fibres  ganglion  cells  occur  singly  or  in 
groups ;  the  latter  are  chiefly  found  in  those  places  where  two  or  more  trunks 
unite.  The  ganglion  cells  are  also  of  two  sizes,  as  was  observed  in  the  Male 
sexual  organs. 

-  Urethra. 

The  epithelium  covering  the  mucous  membrane  of  the  upper  por- 
portion  of  the  ui*ethra  consists  of  the  transitional  variety  in,  liCminae.  The 
uppermost  cells  are  club-shaped,  truncated  cylinders;  lower  down  they 
gradually  diminish  in  longitudinal  diameter,  until  rounded  and  pavement 
cells  compose  the  layer  upon  the  basement  membrane.  In  the  outer  por- 
tions we  find  laminated  pavement  cells  as  in  the  vestibule  and  vagina.  The 
epitheliiAn  gains  in  thickness,  too,  as  it  nears  the  orifice.  The  mucous  coat 
presents  two  divisions  with  a  somewhat  uncertain  line  of  separation  between 
them ;  an  inner,  the  tunica  mucosa,  from  which  numerous  papilla)  press  into 
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the  epithelium,  and  an  outer,  the  tunica  submucosa ;  in  the  latter  lies  the 
cavernous  tissue,  foi*iaed  of  a  stout  venous  network. 

The  thickness  of  the  tunica  mucosa  amounts  to  about  0.13  millim. ; 
that  of  the  submucous  tissue  is  more  than  five  times  as  thick. 

The  tissue  of  the  tunica  mucosa  is  interspersed  in  many  places  with  cells 
similar  to  lymph  corpuscles ;  often,  indeed,  this  infiltration  is  so  extreme  that 
the  mucous  tissue  consists  only  of  a  delicate  network,  which  is  completely 
filled  with  cellulai*  bodies  (agglomerations  of  gland  substance,  Henle).  In 
such  places  no  distinct  line  of  sepai-ation  can  be  observed  between  the  oells 
of  the  tunic  and  those  of  the  deeper  epithelial  layer. 

Littre's  glands  occur  in  the  mucous  membrane  of  the  Female  urethi^  as 
in  the  Male.  They  are  more  numerous  near  the  urethral  orifice  than 
elsewhere. 

The  muscular  sheath  consists,  chiefly,  of  an  inner  and  outer  layer ;  the 
former  being  longitudinal  and  continuous,  having  a  breadth  of  1.8  milUm., 
whereas  the  latter  is  made  up  of  circular  fibres ;  this  circular  coat  also  is 
somewhat  stouter  than  the  longitudinal,  and  while,  within,  the  fibres  ai^e 
smooth,  without  they  belong  to  the  transversely  striated  urethral  muscles. 
The  bundles  in  this  layer  are  less  closely  grouped  together  than  those  in  the 
longitudinaL 

Finally,  in  some  places  there  is  added  another  longitudinal  layer  0.2  millim. 
in  thickness,  in  which  only  smooth  muscular  fibres  are  met  with.  Out- 
wardly, the  muscular  tunic  is  enclosed  by  a  fascia^  almost  0.2  millim. 
thick,  and  which  consists  of  wavy  connective-tissue  bundles  running  a 
pai'allel  and  usually  circular  course.  The  inner  longitudinal  muscular  tu- 
nic is  not  wholly  separated  from  the  submucous  tissue,  for,  on  the  one  hand, 
it  enters  the  latter  in  the  form  of  small  bundles  of  smooth  tissue,  having  a 
longitudinal  direction,  and,  on  the  other  hand,  the  venous  plexus  of  the  sub- 
mucous tissue  is  partially  placed  in  the  muscular  tissue. 

The  venous  networks  of  the  submucous  tissue,  as  well  as  of  the  vaginal 
plexus,  are  to  be  regarded  as  caveinous  structures. 

la  MammalB  the  vagina  is  non-glandnlar  as  in  the  Human  Female. 

Both  the  clitoris  and  penis  of.  many  Mammals  have  bony  plates  and  Pacinian  bod- 
ies. 

No  one  has  yet  observed  external  sexual  organs  in  the  Female  of  Fishes,  Amphibians, 
or  Reptiles. 

In  the  Triton  and  in  some  larv»  of  the  Batrachians  the  mncous  membrane  of  the 
cloaca  has  ciliated  epithelium.     (Salamandra  macnlata,  xana)  (Leydig). 
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CHAPTER  XXX. 

THE  UTERUS,  PLACENTA,  AND  FALLOPIAN  TUBES. 

By  Dr.  R  CHROBAK 

I. — The  Uterus. 

[The  microscopical  inyegtigatioiis  described  in  this  chapter  were  completed  at  the 
Physiological  Institnte  of  Viemia.  ] 

The  peritoneal  fold  investing  the  uterus  is  an  exceedingly  delicate  mem- 
brane ;  on  the  anterior  surface  of  this  organ  it  extends  downwards  as  far  as 
just  below  the  constriction,  corresponding  to  the  oiificium  internum,  and  on 
the  posterior  sui*face  it  reaches  to  the  insertion  of  the  vaginal  wall  in  the 
cervical  portion ;  *  from  these  points  it  passes  off  anteriorly  and  posteriorly 
to  form,  respectively,  the  vesioo-uterine  and  recto-utedne  excavations.  An- 
teriorly, the  membrane  is  more  firmly  adherent  to  the  muscular  tissue  than 
posteriorly,  and  so  marked  is  tliis,  that  one  portion  cannot  be  dissected  up 
at  all,  or  only  with  great  difficulty.  Tliis  inseparable  pai"t  represents  a  tri- 
angle whose  apex  is  situated  at  about  the  middle  of  the  anterior  surface  of 
the  uteiine  body,  and  whose  included  angle  points  downwards.f 

At  the  lateiul  margins  an  intimate  apposition  of  the  peritoneal  folds  ex- 
ists, but  only  to  a  point  about  one  ceucimetre  below  the  oviduct ;  here  the 
laminae  diverge  from  one  another  to  permit  the  passage  of  the  blood-vessels, 
lymphatics,  and  nerves  into. the  uterine  substance. 

The  great  mass  of  the  ut«rus  consists  of  smooth  miiscular  fibrill»  which 
show  a  varied  lamination ;  at  the  present  time,  however,  considerable  irregu- 
larity prevails  in  classifying  them,  since  the  isolation  of  all  the  separate  layers 
is  impossible  even  in  the  pregnant  organ. 

If  we  follow  the  development  of  these  muscular  tissues,  the  simplest  plan 
is  to  assume  three  layers :  an  inner  one,  consisting  mostly  of  circular  fibres ; 
a  middle,  containing  longitudinal  fibres  principally ;  and  an  outer  or  accessory. 

The  external  muscular,  though  by  far  the  weakest,  is  the  most  independ- 
ent coat,  and  lies  immediately  under  the  peritonaeum,  to  which  it  is  at- 
tached ;  it  is  prolonged  over  the  appendages  of  the  uterus,  and  contributes 
more  largely  to  them  than  the  other  coats  do.  Its  composition  is  chiefly  due 
to  a  bundle  of  longitudinal  fibres,  which  take  their  origin  on  the  posterior 
uterine  wall  at  the  cervical  boundary  ;  it  is  also  strengthened  by  such  acces- 
sory fibres  as  come  to  it  from  the  sides  ;  these  overlay  the  fundus,  and,  di- 
verging there,  pass  on  for  the  most  part  to  the  ligamenta  rotunda.^ 

Under  the  head  of  the  second  layer,  and  separated  from  the  preceding  by 
several  transverse  bundles,  are  some  strong  muscular  bands  that  pass  over 
the  fundus  from  behind  forwards  ;  they  then  bend  backwards  and  forwards, 

*  Lusohka,  AnaUmue,  2  Bd.  2.  Abth.  S.  360. 

\  Henle,  AnaUmUe,  2.  Bd.  2.  Lief.  S.  486. 

;  H^e,  Becharche^  sur  la  ditponiion  desjibr,  mtueiU.  de  Vut,    Paris,  1869. 
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intersecting  varioiis  other  short  fibres.*  This  layer  is  said  to  be  united  with 
the  preceding  at  one  point  only,  viz.,  the  middle  of  the  base  of  the  nterus.f 

The  last  layer  that  is  demonstrable,  like  the  first,  does  not  involve  the 
lateral  walls  of  the  uterus ;  it  includes  numerous  bundles  of  fibres,  mostly 
transverse,  smooth,  and  shoi-t,  crossing  one  another  in  the  most  different 
directions,  and  sending  occasional  prolongations  to  the  ligaments.  Tlie 
general  fact  alone  is  clear,  that  the  fibres  which  anteriorly  were  superficial 
become  lost  posteriorly  in  the  interior,  and  vice  versd. 

This  coat,  which  far  excetids  the  others  in  strength,  is  recognized  by  the 
remarkable  size  and  thickness  of  the  walls  of  its  vessels.  This  is  especially 
marked  in  the  pregnant  organ. 

The  innermost  coat,  T^uschka  says,|  can  be  regarded  as  the  fundamental 
one,  because  there  can  be  shown  in  it  traces  of  its  being,  at  one  time,  made 
up  of  two  lateral  halves ;  it  consists  principally  of  circular  fibres,  which, 
originating  in  layers  of  circular  fibres  from  the  uterine  part  of  the  Fallopian 
tubes,  develop  into  gradually  increasing  rings  which  meet  in  the  median  line, 
and  these  fibres  not  only  form  the  basis  structure  of  the  corpus  uteri,  but 
they  can  also  be  traced  in  the  cervical  portion,  and  even  detected  in  the 
vaginal  wall.  (To  this  circular  fibre-coat  belong  the  so-called  sphincters 
which  are  found  at  the  onficia  externum  and  internum.)  Besides  this  well- 
pronounced  circular  fibre-layer,  there  is  a  three-sided  muscular  lamina :  in 
the  anterior  and  posterior  wall  of  the  uterus  it  consists  of  a  band  of  longitu- 
dinal fibres  pointing  downwards  ;  from  it  fine  bundles  of  muscular  tissue  can 
be  traced  into  the  mucous  membi-ane.g  In  the  portio  cervicalis  i-egular  fib- 
rillation still  further  disappears,!  and  there  appears  again  a  tendency  to 
grouping  in  three  separate  layers  (Henle) ;  the  arrangement  is  such  that  the 
circular  fibres  of  the  innermost  uterine  lamina  form  the  middle,  which  is  cer- 
tainly the  strongest  coat;  this  is  invested  externally  by  longitudinal  fibres 
that  are  for  the  most  part  lost  in  the  neighborhood  of  the  bladder,  the  vagi- 
na, and  the  urethra;  the  internal  lamina  consists,  too,  of  longitudinal  mus- 
cles,  which  supply  the  mucous  membrane  with  fibres,  and  intercalate 
with  the  fibres  of  the  sphincters  of  the  os  uteri  externum  and  internum. 
(The  sphincter  of  the  oiificium  internum  forms  an  isthmus  three  miliim. 
long  (Guyon).^ )  Contractile  fibre-cells  are  the  chief  components  of  all  these 
uterine  coats,  and  a  firm  cementing  substance  binds  them  so  intimately 
together  in  bundles  and  laminated  muscular  bands  that  isolation  is  very  dif- 
ficult. Lastly,  the  bundles  are  themselves  held  together  by  an  abundance 
of  nucleated  connective  tissue  and  occasional  elastic  fibres. 

ITie  fibre-cell  of  the  normal  uteiiis  is  fusiform,  and  often  has  very  long 
ends;  during  pregnancy,  however,  the  contractile  elements  attain  such  a 
development  (no  reference  is  made  to  new  formations)  that  their  length  in- 
creases from  0.045  miliim.,  their  normal  measurement,  to  0.G60  miliim., 
and  their  breadth,  which  before  amounted  to  from  0.009  to  0.014  miliim., 
now  may  increase  to  0.074 ;  here  we  repeatedly  meet  with  muscular  fibres 
whose  margins  sve  bevelled  down  and  indented.  These  cells,  when  seen  in 
transverse  sections,  have  a  roundish,  ovoid  contour,  with  from  three  to  five 
angles,  and,  consequently,  when  considered  as  a  whole,  have  several  edges. 

The  substance  of  the  cell  will  be  found  clear  and  transparent  only  if  the 


*  Pappenheim,  vorl.  MiWieUung.     Kom  and  Wunderlich,  Viertdfahrsc/irift,  3.  J. 
1.  Heft. 

JHelie,  loo.  cit.  t  Lnschka,  loc.  dt.  §  Helie,  loc.  cit. 

RetzioB,  Struktur  des  Uterus;  Froriep^s  Taffesberiehtem  Canst.  Jakresberickty  1850, 

^  Gayon,  Etude  tur  la  eaeiU  de  VuUrus  dVetat  de  vactdte.    Joum.  d,  Physwi.  II. 
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part  examined  be  fresh  and  belong  to  the  first  two-thirds  of  pregnancy ;  it 
then  exhibits  very  uniformly  a  nucleus  containing  granules  at  both  ends 
(Arnold).* 

The  nucleus,  always  single,  is  elliptical,  fusiform,  or  club-shaped  ;  it  varies 
in  length  from  0.002  to  0.015  millim.,  and  in  breadth  from  0.001  to  0.003 
millira.  (Frankenhau8er),f  (these  proportions,  however,  increase  twofold 
during  pregnancy),  and  lies  most  frequently  in  the  enlargement  correspond- 
ing to  the  middle  of  the  cell ;  often  enough,  however,  its  position  is  asym- 
metric (in  the  parietes).  A  controversy  still  exifits  regarding  the  structure 
of  the  nucleus  and  its  bright  granules  (Hessling,t  Frankenhauser,  §  Ar- 
nold.!) 

The  measurements  just  given  are  not  true  of  the  muscular  fibres  in  all  the 
coats,  but  only  in  those  that  have  an  important  function  to  perform  during 
parturition.  Accordingly  the  most  superfickil  fibre-cells  are  shorter,  more 
slender,  and  more  cylindrical ;  the  same  is  true,  too,  of  the  muscle-cells  in  the 
internal  lamina,  for  their  length  amounts  to  from  0.018  to  0.034  millim. 
only  (KoUikerl^).  None  of  these  exhibit  any  considerable  growth  during 
pregnancy. 

The  mucous  membrane  of  the  uterine  body  terminates  in  a  well-defined 
border  at  the  upper  end  of  the  isthmus  of  the  cervix  ;**  in  the  virgin  state 
it  is  from  1  to  1.8  millim.  in  thickness,  gray  or  pink,  and  becomes  grad- 
ually thinner  as  it  approaches  the  cervix  and  orifices  of  the  oviducts  ;ff  no 
well-defined  line  of  demarcation  separates  it  from  the  underlying  or  muscu- 
lar coat,  and  in  fact  it  can  only  be  isolated  in  small  fragments.  The  surface 
is  smooth  excepting  only  about  the  orifices  of  the  tubes,  where  it  presents 
very  slight  foldings  but  no  papillje  (HennigJJ). 

Again,  it  is  covered,  in  health,  with  a  thin  layer  of  a  more  or  less  gray, 
translucent,  and  somewhat  glutinous  fluid  of  slightly  alkaline  reaction  ;  tins 
contains  in  various  and  slight  proportions  cylindrical  cells,  little  roundish 
granular  cells — secretions  from  the  uterine  glands,  occasional  cilia,  and  very 
seldom  intact  ciliated  cells  (in  old  people  we  find,  too,  cholesterine,  monads, 
algw,  free  fat,  etc.,  Donne,  Taylor,  Smith,  Scanzoni  and  Kolliker,  Hennig, 
Schlossberger,  Hausmann,  et  al.). 

The  mucous  membrane  of  the  uterus  has  no  frame-work  of  connective  tis- 
sue. '  Henle§§  claims  that  he  has  occasionally  succeeded  in  demonstrating  a 
fine  network  of  pale  fibres  by  pencilling  with  the  brush.  This  was  accom- 
plished by  first  treating  the  tissue  with  caustic  potash. 

This  framework  really  consists,  however,  of  the  uterine  tubular  glands, 
immediately  to  be  described,  between  which  there  seems  to  be  a  mass  of 
free  nuclei  from  0.006  to  0.008  millim.  in  diameter,  together  with  much 
elongated  cells  or  various  sorts  of  polyhedral  or  little  plate-like  cells,  fibre- 
cells  in  the  most  various  stages  of  development,  a  proportionately  large 
amount  of  interstitial  substance,  and  bundles  of  muscular  tissue  reaching 
from  the  innermost  layer  of  the  tnuscular  coat  to  the  base  of  the  glands. 

*  Arnold,  see  page  145  of  this  Handbook. 

\  Frankenhauser,  die  Nenen  der  Gebarmuiter,    Jena,  1867, 

X  HessUBg,  Gewebdelire,  1866. 

§  Frankenhauser,  loo.  cit. 

If  Arnold,  loo.  cit. 

^T  Kolliker,  Zeitsehrift  f.  mMtnseh,  Zodlogie.     Bd.  I. 
♦*  Virchow,  Fror.  und  Schleiden's  Notizen^  uber  die  BUdung  der  Beddua. 
f  f  Robin,  Memoire  pour  sendr  d  Vhittoire  anat.  de  la  vie/nbre  muqumue  de  rut.  ArtA. 
generai.    Juillet,  1847. 
ft  Hennig,  der  Katarrh^  etc. 
§§  Henle,  loc.  cit. 
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The  glandulse  utriculares  were  first  mentioned  by  Malpighi,*  then  suc- 
cesaivelj  by  Baer,f  Burkhardt,J  Eschricht,  and  E.  H.  Weber,§  later  by 
Krause,!  Sharpey,if  Keichert,**  and  Bischoff,ff  and  were  finally  a  second 
time  described  by  E,  H.  Weber,JJ  and  since  by  others. 

They  present,  in  the  Human  species,  a  uniform  type,  though  two  fonns  are 
apparent  in  many  animals ;  some  individual  cases  are  still  giving  occasion 
for  controversy,  as  the  Bitch,  for  instance;  compare  Sharpey, §§  Erco- 
lani,  III  and  Friedlander.  %  % 

They  represent,  usually,  single  tubes  of  varying  length ;  often,  however, 
they  have  one  or  more  diverticula  at  or  below  the  middle ;  the  general  shape 
is  cylindrical  or  somewhat  club-shaped  at  the  extremity,  which  terminates 
blindly ;  they  discharge  into  the  cavity  of  the  uterus  at  the  sui-face  of  the 
mucous  membrane.  Here  they  are  apt  to  be  compressed  laterally  or  upon 
three  sides,  and. the  diameter  of  the  orifice  is  greater  than  of  the  calibre  in 
other  parts  (Hennig  ♦♦*). 

They  adopt  most  circuitous  courses,  and  even  wind  spirally,  like  a  cork- 
screw ;  thus  the  length  of  the  follicles  sometimes  considerably  exceeds  the 
thickness  of  the  mucous  tissue. 

On  the  whole,  the  inclination  of  the  tubes  is  vertical  to  the  plane  of  the 
membrane,  and  this  is  especially  marked  at  the  lower  part  of  the  uterine 
cavity  and  in  the  neighborhood  of  the  tube-orifices ;  on  the  other  hand,  the 
ducts  in  the  upper  part  of  the  body  and  at  the  base  have  frequently  an 
oblique  or  nearly  horizontal  direction. 

The  base  of  these  glands  is  very  difficult  to  isolate  in  the  normal  uteras ; 
in  the  menstruating  or  pregnant  condition  it  is  less  so  ;  it  is  also  very  sel- 
dom possible  to  obtain  a  complete  view  of  it  on  cross  section,  because  of  its 
many  turnings.  It  consists  of  an  uncommonly  thin,  structureless  mem- 
brane, in  which  we  generally  find  ovat«  nuclei,  especially  in  the  menstruat- 
ing organ.  These  bodies  must  be  distinguished  from  the  muscular  nuclei 
which  remain  adherent  to  the  follicular  wall  during  the  process  of  isolation. 

The  subject  of  the  epithelium  of  the  glands  is  so  important  that  I  insert 
here  the  desciiption  which  Gustav  Lott  has  given. 

As  early  as  1852^  Leydig  f f f  mentioned  the  fact  that  Dr.  Nylander  had  observed, 
ciliated  epithelium  in  the  uterine  glands  of  the  Sow. 

Thongh  Leydig,  at  the  dose  of  his  article,  expressed  the  sapposition  that  a  similar 
condition  might  reasonably  exist  in  other  Mammals  and  in  tiie  Human  species,  yet 
since  that  time  no  further  obeeryations  on  this  point  have  been  published. 

Kolliker^  simply  confirms  Xylander^s  disoovery.  In  Leydig^8§§§  own  manual 
of  Histology,  that  appeared  five  years  after  the  first  report,  he  reaffirms  his  previous 

♦  Malpighi.  0pp.  1687.  Vol.  II.  S.  220. 

Unters.  uber  die  Gefdssverb.  zwUoJien  der  Mutter  und  der  Frucht,    Leipzig,  182?.. 

Obsertat.  anatom.  Kas.  1854. 

E.  H.  Weber,  BraunsehiMiger  Naturforschertermmrrdung. 

Krause,  AnaUnme^  2.  Aufl.  1.  Bd. 

Sharpey,  s.  Canstatt.  Jaft^res.  1843,  1.  Bd.  S.  106. 
♦*  Reichert,  Mailer's  Archiv,  1843. 

+t  Bischoff,  Enttnekdungsgesehieht.  d,  Hundeeiea,  and  Mailer's  ArcMvy  1846. 
tt  E.  H.  Weber,  Zusdtze  eumBaue  und  der  Verin'e/itung  der  Gescfdechteorgane^  1846; 
^g  Loc.  cit. 

IJ  Ercolani,  Giamb.  ddle  glandule  otrieolare,  eta,  1868. 
lIF  Friedlander,  Unters.  uber  den  Uterus^  1870. 
♦♦♦  Hennig,  OaJUvrrh  der  weibl,  GeMlechteorgane^  1870. 
'  ■  t  Loc.  cit. 

X  Kolliker,  Handbueh  dermicroekopiaehen  Anatomie,  1852,  Bd.  II.  pp.  445-46. 

;§§  Leydig,  Lehrbueh  der  ERgtologie,  1857,  p.  518. 
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statement  in  regaid  to  the  Sow.  Frey  *  does  the  same  thing  up  to  the  latest  date, 
and  adds,  that  in  the  literature  to  which  he  had  access,  luudlj  any  mention  was 
made  of  the  discoveiy.  Bedcer^f  who  searched  so  carefully  for  ciliated  epithelium 
in  the  genital  apparatus  of  the  Human  female  and  several  animals,  does  not  allude  to 
the  uterine  glands,  and  Hennig4  iu  describing  the  glands  of  the  tube  as  seen  by  him, 
felt  himself  compelled  to  declare  that  the  chief  difference  between  the  Human 
follicular  organs  and  the  simple  mucous  folds  of  the  Fallopian  tubes  rested  upon  the 
deciduous  ciliated  facings  of  the  mucous  surface. 

Henle,§  too,  expressly  says,  that  the  only  difference  between  the  cylindrical  epi- 
thelium of  the  ghuids  and  tike  epithelium  upon  the  free  mucous  surface  of  the  uterus, 
is  that  the  former  has  no  cilia. 

The  statements  of  others,  too,  about  the  epithelium  we  are  now  describing,  differ 
materially  from  one  another.  It  is  true  the  majority  of  authors  ascribe  cyUndrical 
epithelium  to  the  Human  female  and  most  Mammals,  yet  all  do  not  coincide  in  this. 

Thus,  in  the  first  place,  there  are  differences  of  opinion  about  the  former,  for  while 
Weber, I  Leydig,!  Heple,**  E:olliker,ff  FreyM  &^d  Hennig  g§  speak  of  cylindrical 
epithelium,  others,  as,  lor  example,  Gerlach,  ||  Scanzoni,!^^  Schroder,***  describe  a 
pavement  epithelium.  KollJker  talks  about  tiie  ordinaiy  yarieiy  of  epithelium,  while 
Hennig  and  Henle  expressly  mention  a  non-dliated.  Leydig  makes  the  following 
statement :  *^  Probably  there  is  no  less  vibration  in  the  epiUielium  of  the  glands  than 
over  the  rest  of  the  uterine  mucous  surface."  The  views  also  held  by  many  in  regard 
to  a  similar  condition  in  different  animals  do  not  entirely  agree. 

Leydigf  f  f  asserts  that  the  glands  of  most  Mammals  have  a  dilated  cylindrical 
epithelium  ;  Beichert  XH  and  Ercolani  §§§  state  that  the  Rabbit  has  pavement  epithe- 
lium, and  this,  Ercolani  says,  is  true  also  of  the  Bitch  and  Mouse. 

In  regard  to  the  Ruminants,  Whole-hoofed  Animals  and  the  Sow,  most  authors 
agree  that  the  little  glands  bear  cylindrical  epithelium ;  very  lately,  however, 
Friedlander  1 1 1  publish^  a  work  in  which  he  described  a  vibrating  cylindrical  epithe- 
lium in  the  uterine  (p.  25)  and  cervical  (p.  457)  glands  of  the  Human  female  and  in  the 
uterine  glands  of  the  Bitch  (p.  55).  Friedlander  puts  the  fact  down  without  shedding 
any  further  light  upon  it,  though  he  certainly  did  not  find  it  well  authenticated  in 
the  literature  of  this  subject.  This  statement  is  the  more  remarkable  since  we  have 
been  able  to  convince  ourselves  that  the  task  of  bringing  the  cilia  of  questionable 
cells  into  view,  when  we  use  preserved  specimens,  is  exceedingly  difficult ;  this  will 
be  shown  in  what  follows,  and  Friedlander  does  not  explain  to  us  the  conditions 
under  which  he  succeeded  in  getting  a  distinct  view  of  the  ciliary  motion.  If  he 
nsed  preserved  specimens,  as  it  would  appear,  we  should  very  much  like  to  become 


*  H.  F.  Frey,  Handbuch  der  Hiatologie  u.  HistdcJiemie  des  Mensehm.  3.  Aufl.  1870, 
jpage  539. 

t  Ueber  FUmmerepUhdiwn  u.  FUmmerhewegung  im  GeachlechUdpparate  der  Sauge- 
iMere  und  des  Merisc/u:n.  Moleschott. 

Unterftuefiungen  zur  Naturlehre  desMenschen  u.  der  Thiere^  B.  II.  p.  71. 

t  C.  Hennig,  Der  Catarrh  der  inneren  weibUefien  GesehleehUorgane,  2.  Aufl. 
1870,  p.  137. 

§  J.  Henle,  HaTtdbudfi  der  systemat.  Anat&mie  dea  Meiuehen^  Bd.  II.  p.  460. 

I  E.  H.  Weber,  Zumtze  vom  Bau  und  den  Verrichiungen  der  GeecMecfiteorgane. 
1846.  p.  33. 

^  Lehrbiixih  der  Histoiogie^   p.  487. 

**  J.  Henle,  Handbuch  der  syetemaUschen  Anatomie  dea  Metuchen,  B.  IL  p.  460. 

if  Loa  dt. 
t  Loc.  cit. 

11'  J.  Gerlach,  Handbv/cih  der  aUgemeinen  und  gpecieUen  Gew^dehre  des  Mensehen^ 
1850.  p.  852. 
^•[  F.  Scanzoui,  Lehrbuchder  GeburUihiUe,  4.  Autt.  B.  L  p.  50. 
♦♦•  C.  Schroder,  Lehrbuchder  GeburUhUfe,  1870,  p.  23. 

Hi  Ueber  die  BUdung  der  hinfaJUgen  Haute  der  Gebdrmutter  und  deren  VerhaUnm 
tur  Placenta  uterina.    MtiUer's  Are/iivf,  Anal.  u.  Phys.  1848,  p.  78. 

§g§  G.  B.  Ercolani,  Hdle  gUmdoie  otricolari  deW  utero  e  ddV  organo  glandolare  di 
nuova  fanna^neyChe.fieUa  jgravidama  eisvUuppa  nelP  utero  dettefemmine  dei  mammi" 
feri  e  neUa  specie  umana.     Bologna,  1868. 

Ill  Friedlander,  Physiologisc/i-anatamiseh^  Untersuchungen  uber  den  Uterus.  Yon 
•Dr.  Carl  Friedlander.    I<eipaio,  1870. 
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acquainted  with  his  method.  Friedlander^s  assertion^  too,  that  he  saw  -vibrating 
epithelium  in  the  cervix  of  immatoied  Girls  does  not  accord  with  the  observations  of 
numerous  others. 

Lott  8»y8  tliat  when  the  uterus  of  the  Cow,  Sheep,  Sow,  Babbit,  Mouse, 
and  one  species  of  Bat  was  examined  in  the  fresh  state,  he  saw  a  vibrating 
motion  of  the  cilia  throughout  the  entire  length  of  the  uterine  glands. 
His  examination  of  fresh  objects  resulted  negatively  in  four  cases;  the 
uteri  in  question  were  respectively  those  of  a  Calf,  a  very  young  Guinea-pig, 
a  gelded  Sow,  and  a  Mare  that  died  of  some  pysemic  process. 

In  some  cases  he  saw  the  glandular  epithelium  actively  vibrating,  while 
the  mucous  8ui*face  not  only  was  entirely  at  rest,  but  also  exhibited  no 
cilia  at  all. 

To  obtain  a  good  view  of  vibrating  cilia,  the  best  method  has  proved  to 
be  the  following :  first  carefully  snip  off  a  piece  of  the  mucous  membrane 
you  desire,  then  tease  this  little  fitigment  apart  with  great  care,  and  mount 
in  iodized  serum,  aqueous  humor,  or  a  weak  solution  of  oommon  salt  (1 
per  cent.) 

The  ciliary  impulse  was  in  most  cases  extremely  active,  though  varying 
in  continuance ;  for  while  in  the  Mouse  and  Bat,  after  the  lapse  of  a  few 
minutes,  the  motion  ceased  under  the  glass  cover  used  in  these  examinations, 
the  case  was  different  in  the  Sheep,  for  under  similar  conditions  the  ciliary 
movement  lasted  for  an  hour  or  more. 

Looking  at  the  gland  in  longitudinal  section,  the  direction  of  the  ciliary 
impulse  was  uniformly  from  the  base  towards  the  orifice ;  while  when  seen 
in  transverse  section  we  observe  a  sort  of  turbinated  motion  from  below  up- 
wards upon  a  spiral  line. 

It  is  not  very  difficult  for  the  eye  to  follow  one  and  the  same  tube,  and 
obtain  a  view  of  it  ii^  different  planes.  This  is  especially  true  in  the  Cow's 
uterus,  from  the  many  and  frequently  sharp  turns  that  each  tube  makes  in 
its  course,  and  all  that  is  necessary  is  an  appropriate  movement  of  the  ad- 
justing screw. 

Single  cells,  whose  cilia  were  not  in  motion,  though  in  good  condition, 
Lott  preserved  by  proceeding  as  follows :  taking  the  Sheep's  uterus,  he  re- 
moved a  portion  of  the  horn,  and  while  still  fresh,  or  after  it  had  lain  in 
iodized  serum,  he  spread  it  out  in  such  a  way  that  by  using  the  belly 
of  a  scalpel  he  could  scrape  the  mucous  membi-ane  without  cutting  it.  By 
this  method,  of  pressing  off,  as  it  were,  we  can  obtain  the  epithelial  tubes  of 
the  glands  free  from  all  surrounding  connective  tissue,  and  may  frequently 
sel)  the  cells  quite  unaltered  in  position.  Frequently,  small  pieces  of 
the  tubes  that  have  been  broken  off,  may  be  seen  on  the  object  slide  in 
transverse  section,  so  that  here,  again,  we  get  a  view  of  all  sorts  of  planes 
of  section. 

We  must  prepare  these  objects  either  with  iodized  serum  or  with  bichro- 
mate of  potash  (a  cold  saturated  solution) ;  this  procedure  renders  the 
cells  very  transparent,  and  the  nuclei  and  contours  become  sharply  defined. 
In  such  preparations,  even  those  mounted  in  iodized  serum,  he  was  now  un- 
able to  see  the  cilia  vibrating ;  they  had  already  undergone  a  change,  and 
yet  were  so  fiekr  distinct  in  outline,  that  he  could  designate  them'  as  ex- 
tremely short  and  fine,  and  as  standing  crowded  together. 

He  found  it  equally  impossible  to  recognize  distinct  cilia  in  those  por- 
tions of  the  utems,  whether  they  had  been  first  placed  in  Mliller's  fluid  or 
in  a  4  per  cent,  solution  of  the  bichromate  of  potash,  and  then  afterwards  in 
alcohol ;  or,  if  after  remaining  in  alcohol,  ihey  had  been  put  into  a  2  per 
cent,  solution  of  the  bichromate,  or  a  0.001  per  cent.-  solution  of  the  chloride 
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of  palladium.  Nor  was  he  able  to  get  a  better  view  of  the  cilia  after  ma- 
cerating them  in  a  cold  saturated  solution  of  the  bichromate. 

In  all  these  preparations,  all  that  he  saw  was  little  bud-like  prominences, 
regularly  disposed  along  the  internal  border  of  the  epithelium ;  they  were 
in  close  rows  and  gave  a  general  appearance  of  striation.* 

The  form  and  arrangement  of  these  epithelial  cells  can  be  studied  with 
greater  nicety  in  hardened  preparations ;  the  most  satisfactory  prove  to  be 
sections  first  hardened  in  MiQler^s  fluid,  and  then  colored  with  carmine. 
A  very  small  space  in  such  objects  affords  us,  too,  a  general  view  of  the  folli- 
cles in  all  possible  planes,  some  real,  some  apparent ;  consequently,  it  is  im- 
.  material  whether  we  cut  horizontally  or  vei'tically  through  the  mucous  coat. 

The  cells  are*  shaped  like  a  club  with  hexagonal  contour ;  the  broad  end 
is  directed  outward,  and  the  tapering  end  towards  the  lumen ;  the  latter  cor- 
responds to  the  long  sixis  of  the  tube. 

When  we  examine  a  follicle  in  transverse  section,  each  cell  presents  the 
outline  of  an  equilatei*al  triangle,  whose  apex  is  truncated  and  directed  in- 
wards. According  to  the  breadth  of  the  tube,  and  kind  of  animal,  these 
cells  unite  in  forming  a  ring,  or  series  of  encircling  rings,  corresponding  with 
the  varying  calibre  of  the  gland.  In  proportion  as  the  lumen  bc^mes 
smaller,  and  the  cells  that  form  the  ring  diminish  in  number,  so  the  shape 
of  each  cell  approaches  in  like  ratio  that  of  an  equilateral  triangle :  this 
internal  epithelial  coat,  too,  becomes  narrower,  in  proportion  to  the  smallness 
of  the  angle  which  the  sides  of  each  cell  make  in  converging  towards  the 
apex,  liis  view  is  corroborated  also  by  the  plates  of  Henle  f  and  Kolliker,  J 
especially  those  of  the  former,  wMle  Kolliker  only  represents  a  few  very 
wide  tubes,  in  which,  of  course,  the  triangular  form  is  not  very  prominent. 
Hennig  §  gives  us  a  different  view  of  the  same  thing,  by  representing  the 
cells  as  floating  almost  separately  in  the  follicular  cavity. 

On  the  other  hand,  sections  made  parallel  to  the  tubes  present  the  cells  in 
the  form  of  parallelograms  whose  long  diameter  always  preponderates.  Lott 
lays  stress  on  this  fact,  in  opposition  to  several  authors,  who  assert  that  the 
Bitch  (Ercolani),||  Babbit  (Eeichert  %  and  Ercolani),  and  Mouse  (Ercolani), 
and  Human  female  also  (Gerlach,'*''*'  Scanzoni,ff  Schroder  ||)  have  a  pave- 
ment epitheliimi.  Notwithstanding  this,  however,  Lott  found  this  concQtion 
pronounced  in  all  cases,  though  not  equally  so  in  all  animals. 

The  only  modification  the  shape  of  the  cell  undergoes  is  where  the  follicles 
make  sharp  turns  in  their  course ;  at  these  points  the  cells,  even  when  seen  in 
the  long  axis  of  the  tube,  are  observed  to  direct  their  apex  to  one  side ;  those 
upon  the  convex  side  naturally  pointing  their  extremities  inwards ;  those 
upon  the  concave  sides  turning  IJiem  outwards. 

By  employing  our  minute  adjuster  and  examining  our  object  throughout 
its  cUfferent  planes,  we  are  also  able  to  get  a  clear  outline  of  the  cell  contour 
on  the  external  and  internal  surface  of  the  epithelial  tubes,  and  so  at  last 

*  In  S.  Th.  v.  Soemmeiing^B  work,  the  6th  volume,  which  is  devoted  to  the  oon- 
Btniction  of  the  Human  body,  and  was  edited  by  Henle,  contains  the  following  state- 
ment in  regard  to  the  cilia  (Ed.  1841,  p.  246)  : 

^^  After  death  they  first  appear  like  very  minute  prominences,  and  then  entirely 
disappear. '' 

See  Friedrich  for  the  fldgnificance  of  the  striation.  Mniges  uber  die  Struetur  der 
CpUnder-  und  FUmmerepUhdium,    Arch.  f.  path,  Anat.  u,  Phys,    Bd.  XV.  p.  685. 

j-  Loo.  dt.  fiff.  538  and  539. 

I  EdUiker,  ffmidbuch  der  Gew^dehre,  5  Aufl.  1867. 

§  Loo.  cit.     Taf.  III.  Fig.  10.  |  Loo.  dt 

1  Loc.  dt.  **  Loc.  dt. 

f  f  Loc.  dt  {{  Loo.  dt. 
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complete  our  ideal  representation  of  the  cell  we  are  studying.  The  outer 
extremity  (the  base  of  the  club)  of  each  cell  assists  in  forming  a  beautiful 
tessellated  work,  which  seems  composed  of  tolerably  regular  hexagons.  The 
inner  superficies  of  this  epithelial  layer  appears  also  made  up  of  hexagons, 
which  when  seen  in  the  long  diameter  of  the  tube  are  long,  and  in  its  trans- 
verse diameter  are  narrow  (the  tapering  end  of  the  club).  The  mosaic  work 
is  best  seen  in  sections  prepared  in  Mliller's  fluid. 

He  found  the  nucleus  very  large  in  most  cases,  especially  in  the  Bitch, 
always  single,  and  invariably  situated  in  the  outer  portion  of  the  cell, 
as  both  Henle*  and  Kollikerf  represent  it ;  while  Hennig|  describes  the  same 
body  as  lying,  frequently,  in  a  club-like  thickening  of  the  inner  end,  which 
Lott  never  saw.  It  is  true,  however,  that  Lott  occasionally  found  the 
nucleus  so  large  that  it  projected  somewhat  into  the  inner  portion  of  the 
oelL  This  body,  when  fresh,  appears  coarsely  granular  and  much  more 
strongly  refractive  than  the  finely  granular  and  more  opaque  protoplasma. 

The  slender  extremities  of  the  club-shaped  cells,  which  are  directed 
inwards,  support  the  cilia;  whether  these  appendages  belong  to  all 
cells  equally  or  not,*  Lott  is  unable  to  state  positively  ;  as  we  have  seen  be- 
fore, however,  it  is  extremely  probable  that  such  is  the  case  :  first,  because 
of  the  uniform  shape  of  all  the  cells ;  and  secondly,  because  of  the  little 
bud-like  processes  which  he  described,  and  which  he  regarded  as  the  re- 
mains of  cilia. 

In  addition  to  the  animals  mentioned  above,  such  others  as  the  Cat,  Bitch, 
full-f;rown  Guinea-pig,  Mare,  and  Human  female  were  examined  by  using 
hardened  preparations,  and  the  epithelia  were  shown  to  agree  in  the  charac- 
teristics we  have  mentioned.  The  epithelium  of  the  mucous  membrane  is 
subject  to  constant  change ;  §  moreover,  it  is  quite  probable  that  the  cells 
form  anew  after  every  menstrual  period. 

[The  observed  fact  that  the  relative  proportions  of  the  parts  forming 
the  mucous  coat  vary  exceedingly,  and  according  to  the  existing  stage  of 
development,  tends  to  show  that  continuous  and  unusually  i*apid  changes 
take  place  in  the  formation  of  epithelium. 

Thus,  the  thickness  of  the  mucous  membrane,  that  usually  varies 
between  1.0  and  1.8  millim.,  measures  from  4  to  8  millim.  at  the 
menstrual  epoch;  the  follicles,  too,  which  normally  are  from  0.03  to  0.1 
millim.  apart  from  one  another,  now  press  so  closely  together  that  only 
very  narrow  mucous  ridges  remain  between  them ;  their  length,  usually  2 
millim.  at  the  most,  now  reaches  7  millim. ;  their  diameter  rises  from 
0.05  to  0.1  during  menstruation,  and  after  conception  to  0.24  millim.; 
lastly,  the  epithelial  cells  which  clothe  the  mucous  membrane  and 
follicles,  and  normally  are  from  0.015  to  0.04  millim.  high,  attain 
during  menstruation  and  pregnancy  more  than  double  their  former  volume.] 

A  well-defined  line  is  drawn  between  the  mucous  membrane  of  the  neck 
and  body ;  the  former  is  much  the  tougher,  firmer,  and  more  transparent 
of  the  two,  and  varies  in  thickness  between  0.215  and  3.00  millimetres. 
An  investment  of  connective  tissue  extends  over  the  orificium  internum 
quite  into  the  corpus ;  it  lies  between  the  mucous  and  muscular  layeis,  and 
is  especially  well  marked  on  the  posterior  wall  (Rokitansky,||  Klob^). 
The  anterior  and  posterior  surfaces  of  the  mucous  coat  lining  the  cervical 

*  Loo.  dt.  t  G&webMire. 

t  Loc.  cit.  p.  13.  §  Eolliker,  loc.  cit. 

j  Rokitanski,  Lehrbuch  d.  pathol.  Anatomie,  3.  Bd. 
1  Klob,  PathoL  Anatomie  der  weihl.  Sexualc^rgane,  1864. 
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canal  exhibit  the  branching  folds,  known  as  plicte  palmatee ;  the  former  are 
placed  somewhat  to  the  right  of  the  median  line,  while  the  latter  are  a 
little  to  the  left.^  The  substance  of  these  folds  is  a  firm  tissue,  rich  in 
connective-tissue  nuclei ;  it  contains,  however,  few  muscular  fibres,  and  only 
occasional  elastic  ones.  Lodged  in  the  substance  of  these  ridges,  excepting 
only  in  the  lower  and  smoother  part  of  the  cervical  canal,  we  discover  the 
so-called  "  mucous  follicles  of  the  cervix." 

These  follicles  present  the  following  characters :  they  are  usually  round 
or  flattened  on  the  sides,  or  may  be  compressed  together  in  folds  if  they 
are  not  full ;  their  size  varies  very  much,  and  always  depends  upon  the 
thickness  of  the  mucous  membrane ;  they  open  upon  the  free  sur&ice  by  an 
orifice  from  0.1  to  0.3  millim.  in  diameter,  or  by  a  short  and  broad 
excretory  duct;  the  contents  discharged  consist  of  a  strongly  alkaline 
mucus  capable  of  being  drawn  out  in  threads,  and  perfectly  transparent, 
though  coagulable  in  alcohol.  Friedlander  describes  beaker-cells  which  he 
found  in  this  mucus. 

The  references  made  by  the  same  author  to  two  kinds  of  glands  seem  to 
be  practically  as  follows:  The  finest  mucous  follicles  which  belong  to 
infancy  are,  in  Adults,  drawn  out  like  tubes  by  the  growth  of  the  mucous 
membrane;  their  own  growth  during  puberty  obliges  them  to  fill  out 
in  proportion  to  their  length.  They  consist  of  a  structureless  membrane, 
which,  however,  is  so  firmly  united  to  the  connective  tissue  and  the  muscu- 
lar fibres  embracing  the  glands,  that  isolation  is  impossible. 

These  glands  are  lined  with  a  cuboidal  epithelium,  and  the  nuclei,  as 
usual,  are  placed  nearer  the  wall  than  the  lumen. 

In  the  lower  half  of  the  cervix  the  mucous  membrane  exhibits  slender, 
minute  papillse  between  the  glandular  orifices ;  they  are  0.2  millim.  high, 
covered  with  ciliated  epithelium,  and  each  possesses  a  vascular  loop 
(Kolliker,f  Hennig,J  Taylor  Smith,§  and  others). 

(Hjalmar  Lindgren  mentions  also  a  thin  layer,  having  no  cells,  and  im- 
mediately under  the  epithelium ;  it  is  said  to  be  traversed  by  out-runners 
from  the  connective-tissue  oot^uscles.) 

The  ciliated  variety  of  cylindrical  epithelium  may  prevail  throughout 
the  entire  extent  of  the  cervical  mucous  tissue,  or  only  in  the  upper  two- 
thirds  ;  the  paiietal  extremities  of  the  cells  frequently  seem  to  gradually 
taper  into  fine  threads  (Friedlander).  As  we  approach  the  os  uteri  ex- 
ternum, we  observe  stratified  epithelium,  showing  cdl  the  transitional  forms 
up  to  the  pavement  variety. 

Besides  these  little  glands  just  described,  we  find  little  closed  sacs  occur- 
ring regularly,  and  diSering  only  in  numbers  and  distribution.  They  are 
from  0.3  to  5  millim.  in  length,  and  consequently  often  extend  into  the 
muscular  coat.  These  bodies,  the  ovula  Nabothi,  are  clear  or  slightly  yellow 
in  appearance,  and  are  to  be  regarded  partly  as  new  formations  and  partly  as 
retention-cysts  (Rokitanski,  J  Forster,^  Hirsch,**  Kblliker,  ff  Virchow,  JJ 

*  Hjalmar  Lmdgren,  Studiet*  ofver  Ufmodrens  byggnad  7io8  menniskan.  Ganstattb 
Jahresb.  1867,  1.  Bd.  S.  25. 

\  Kolliker,  Oewebelehre. 

X  Hennig,  Catai^rhd.  weM.  Oeschleehtsorgane, 

8  Taylor  Smith,  Med.  C/dr.  Transactions,  XXXV. 

£  Rokitanski,  loc.  cit. 

If  Forster,  Handbueh  der  aUgemein,  Pathol,  Anat, 

**  Hirsch,  Ueber  Histdogie  und  Formen  der  Uteruspciypen.     Dissert  inang.  Giessen, 
Canst  Jahrb.  1855,  2.  Bd. 

ff  Kolliker,  loc.  bit. 
"  Virchow,  Krankhafte  Oesehumlste,  1.  Bd.  264. 
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efc  al.).  They  are  even  found  on  the  outer  surface  of  the  vaginal  poi-tion 
of  the  uterus. 

During  pregnancy  and  the  time  of  the  catamenial  flow  the  mucous  mem- 
brane in  the  cervix  takes  part  in  the  general  growth  ;  the  ridges  diminish 
in  the  same  i-atio  as  the  mucous  follicles,  now  measuring  from  1  to  2.75  mil- 
lim.,  enlarge,  so  that  nothing  remains  of  the  mucous  coat  but  a  delicate 
ti'abecular  structure  3  millim.  high;  the  mucous  glands,  on  the  other 
hand,  have  both  a  larger  and  more  succulent  epithelium,  and  secrete  the 
abundant  mucus  which  occludes  the  cervix  during  gestation. 

At  the  outer  surflEUje  of  the  vaginal  portion  every  fold  and  granular  for- 
mation disappears.  The  glands  of  the  portio  vaginalis,  described  by  Robin  * 
and  Wagner,f  have  never  been  observed  a  second  time,  at  least  in  a  normal 
case ;  |  on  the  other  hand,  the  mucous  substance  possesses  a  great  number  of 
simple  or  compound  papill»,  each  about  0.5  milUm.  high,  provided  with 
a  vascular  loop,  and  covered  with  a  thick,  indeed  often  tenfold,  layer  of  epi- 
thelial cells. 

The  epithelium  itself — very  easily  separable  as  a  whole — possesses  cylindri- 
cal cells  in  the  lowest  layer ;  as  one  ascends,  however,  they  become  gradu- 
ally flattened  down,  and  are  club-shaped,  elliptical,  or  spinous,  until  finally  in 
topmost  layers  we  find  nothing  but  thin  little  plates,  which  are  united  to- 
gether by  a  proportionately  great  quantity  of  cement-substance. 

The  nerves  that  originate  from  the  cervical  and  neighboring  ganglia  and 
plexus  hypogastiicus  enter  the  muscular  coat  by  the  ligamenta  lata, 
along  the  border  of  the  portio  cervicalis ;  without  always  following  the 
course  of  the  vessels,  they  spread  themselves  out  symmetrically  on  the  an- 
terior and  posterior  sides  of  the  organ.  Generally  speaking,  the  neck  is 
said  to  contain  more  nerves  than  the  body ;  nervous  filaments  may  be  traced 
quite  up  to  the  mucous  tissue  (Kilian)  ;§  on  the  other  hand,  the  mucous 
membrane  of  the  fundus  is  said  to  be  more  sensitive  than  any  other  part 
(Lazarewitsch  Q  et  al.). 

The  uterus  possesses  meduUated  and  non-medullated  or  pale  filaments,  and, 
according  to  the  investigations  of  Frankenhauser,^  Koch,**  Kehrer,ft 
Luschka,  ^|  PoUe,  §§  and  others,  the  submucous  ganglia,  with  which  from 
two  to  three  pale  nerve-fibres  communicate,  sliow  the  same  relation ;  at  least 
this  is  the  case  with  animals. 

Further  classification  of  the  nerves  is  impossible  at  the  present  time,  since 
their  mode  of  termination  in  the  mucous  substance  is  unknown.  It  is  true, 
Kilian,  PoUe,  and  others  describe  the  passage  of  nerve-fibrils  into  the 
papillse  in  the  cervix;  Hjalmai*  Lindgren  even  finds  a  delicate  network  of 
pale  fibres  between  which  were  little  masses,  finely  granular  and  strongly 
refractive ;  these  fibres,  resolving  themselves  into  tufts,  penetrate  to  the  epi- 
thelium ;  the  nervous  character  of  these  fibres,  however,  is  not  entii*ely  free 
from  doubt. 

The  distribution  of  the  nerves  in  the  muscular  tissue  of  the  uterus  hsi§ 
received  a  good  deal  of  study  lately. 

*  Robin,  Gazette  des  Hrypitaux,  1^52,  11. 

f  E.  WagTier,  Arch,  f.  Physiol.  Ileilkunde,  XV.  S.  495.  t  Frledliinder  loc.  cit. 

§  Kilian,  Kerv.  des  tfterus.    ZeiUchr.  f.  ration.  Medic.  1851. 
L  Lazarewitsch,  The  Lancet,  1867,  No.  17. 
1  Frankenhaaser,  Jenaische  Zeitsehrift,  1864, 1.  Hft. 

**  Koch,  Ueber  das  Vorkommen  von  GangliciizeUen  an  den  Nerten  des   Uterus. 
Gdttingen,  1865. 
tt  Kehrer,  Bmtrdge  zur  Oehurtskunde,  1864.  %%  Luschka,  loc.  cit.,  S.  378. 

§§  Polle,  Die  Nervenverbreitung  in  den  weihl.  Oenitalien.     Gottingen,  1865. 
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Frankenhauser  *  says  that  the  pale  nervous  fibrils  which  originate  among 
the  darkly-contoured  ones  form  nets  about  the  muscles,  and  finally,  after 
being  developed  to  filaments  having  nuclei  or  little  nodules  (Kuotchen), 
terminate  in  the  nucleus  of  the  muscle  cell  (Arnold  f ). 

"We  find  also,  during  pregnancy,  an  undoubted  increase  of  the  nerves  in 
size  (W.  Hunter,  Tiedemann,  Komak,  and  others) ;  at  this  period,  too,  Kilian 
says,  we  may  trace  the  medullated  nerves  further  than  in  virginity. 

The  blood-vessels  of  the  uterus  originate  from  the  arteria  uterina  hypo- 
gsustrica,  arteria  uteruia  aortica  (Luschka),  and  from  the  arteria  spermatica 
externa ;  the  veins  unite  to  form  two  plexuses,  the  uterine  and  pampiniform. 

The  two  first-mentioned  arteries,  arching  over  the  utei*us,  meet  on  the 
lateral  border,  where  pretty  good-sized  trunks  penetrate  the  muscular  sub- 
stance, and  then,  branching  rapidly,  inosculate  by  capillaries  with  their  fellows 
of  the  opposite  side  (Hyrtl  f).  They  aJso  envelop  the  muscular  bundles 
and  penetrate  te  the  mucous  membrane. 

Arrived  here,  the  glands  are  next  invested  with  capillaries,  and  finally  an 
irregular  net  of  broader  vessels  is  formed  near  the  surface,  from  which  deli- 
cate, valveless  veins  take  their  origin. 

In  the  portio  cervicalis  the  distribution  of  vessels  is  much  more  rc^lar, 
but  the  thickness  of  their  walls  is  so  disproportioned  that  the  calibre  of  each 
vessel  is  only  about  a  third  of  its  gross  diameter  (Henle).  The  vessels  that 
pass  vertically  te  the  surface  of  the  cervical  canal,  through  the  parietes  of  the 
mucous  follicles,  constitute  a  very  superficial  network  which  furnishes  a  vas- 
cular loop  for  every  papilla. 

Nearer  the  labia  we  observe  delicate  arteries  that  are  a  little  tortuous  or 
spiral  in  tlieir  upper  portion ;  they  also  make  a  capillary  net  immediately 
under  the  epithelium,  provide  the  papillae  with  loops,  and  are  the  source  of 
returning  veins. 

[The  blood-yessels,  which  become  enlarged  to  an  enormonB  extent  after  conception, 
experience  a  growth  and  new  formation  of  contractile  elements.] 

The  lymphatic  vessels  form  large  networks  and  plexuses  immediately 
under  the  peritonaeum  in  the  peripheral  layers  of  the  pregnant  uterus.  The 
branches  derived  from  the  fundus  pass  to  the  pampiniform  plexus  to  connect 
with  the  lymphatic  glands  of  the  lumbar  region ;  those  from  the  cervix  join 
the  lymphatic  glands  of  the  small  pelvis. 

The  absorbents  of  the  interior  of  the  uterus  are  practically  unknown. 

Hjalmar  Lindgren  says,  the  lymphatics  of  the  neck  form  arches,  from 
which  blind  outrunners  with  sinuous  borders  streteh  towards  the  epithelium. 

Method  of  Investigation. 

For  studying  the  coarse  fibrillation  of  the  uterus  to  the  best  advantage  it 
i%  well  to  use  the  pregnant  organ,  either  in  the  fresh  stat«',  or  slightly  har- 
dened in  alcohol,  or  in  a  mixture  consisting  of  1  part  muriatic  acid  and  90 
parts  alcohol,  kept  heated  a  considerable  time.  To  study  the  uterus  in 
cross- section,  the  method  of  subjecting  alcoholic  preparations  to  drying  in 
the  air  (Lufttrocknung),  or  boiled  preparations  to  immersion  in  pyroligneous 
acid,  is  worthy  of  recommendation. 

For  isolating  the  muscular  fibres  we  employ  very  dilute  chromic  acid 
(.1  to  .01  per  cent.),   chromate  of  potash,  iodized  serum,  caustic  potash, 

*  Nerven.  der  Geb&rmutter,  f  Loc.  cit. 

X  Hyrtl,  Topograph.  Anatomie,  1860,  3.  Bd.  180. 
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acetic  acid  (1  to  2  i)er  cent,  strong),  20  per  cent,  solutions  of  nitric  acid, 
Moleschott's  fluid,  ^  per  cent,  solutions  of  nitric  acid,  heated  to  the  boiling- 
point  ;  for  the  most  minute  nerve  branch  lets  we  employ  pyroligneous  acid 
and  glycerine  combined. 

For  coloring  use  carmine,  aniline,  nitro-saliculic  acid,  chloride  of  palla- 
dium, and  chloride  of  gold.  The  most  important  point  of  all,  however,  is 
to  make  use  of  the  very  freshest  preparations,  which  should  be  kept  moist  in 
an  albuminous  solution  or  iodized  serum. 

II. — The  Placenta. 

[This  article  has  been  contributed  by  Dr.  Reitz,  of  St.  PeteiBburg^,  and  the  researches 
connected  with  it  have  been  performed  under  my  direction. — Stkickeb.] 

It  is  well  known  that  the  placenta  of  the  Human  female  is  made  up  of  two 
parts,  a  maternal  and  foetal,  both  of  which  have  the  most  intimate  connection 
from  the  fourth  month  of  pregnancy.  The  maternal  part,  or  uterine  placenta, 
which  is  from  one-quarter  to  one-half  a  millimetre  thick,  consists  principally 
of  large  cell-elements.  In  general  the  cells  are  finely  granular  and  very  va- 
riable in  shape ;  they  have  large,  roundish,  distinct  nuclei,  which  contain 
one  or  more  nucleoli ;  sometimes  several  nuclei  are  present ;  many  cells,  too, 
are  provided  with  longer  or  shorter  processes.  There  are,  also,  between 
these  cells  occasional  large  vesicles  with  aggregated  nuclei ;  KblUker'^  has 
given  a  description  of  them. 

Usually  the  cells  lie  so  closely  together  that  they  constitute  almost  the 
entire  thickness  of  the  uterine  placenta;  tlie  most  frequent  arrangement 
seems  to  be  that  of  clusters,  less  often  they  are  quite  single.  In  all  cases 
they  are  embedded  in  the  basal  substance  that  in  some  places  has  the  appear- 
ance of  fibrillated  tissue,  and  in  others  looks  like  a  hyaline  mass  containing 
fine  granules.  Between  these  cells  I  foundf  other  immense  cells,  capsulated 
and  having  large  vesicular  nuclei  and  nucleoli ;  from  being  stored  away  in 
capsules,  from  their  considerable  size,  their  nuclei,  nucleoli,  and  granular 
contents  they  bore  a  striking  resemblance  to  ganglion-cells.  Ecker^  was  the 
first  to  describe  the  smooth  muscular  fibres  of  the  uterine  placenta.  Kame- 
new§  followed  him.  All  other  investigators  emphatically  denied  their  pre- 
sence; in  my  examinations  I  have  always  succeeded  in  detecting  these 
smooth  muscular  fibres  in  the  outer  layers  of  the  placenta.  They  were  pre- 
sent in  considerable  quantity,  and  often  were  arranged  in  laminss  ;  in  isolated 
preparations,  treated  according  to  Jassinki's||  direction  with  muriatic 
acid,  a  distinct,  well-marked,  staff-like  nucleus  could  be  demonstrated  in  many 
of  the  cells.  A  considerable  number  of  spindle-shaped  cells  are  also  to  be 
found  in  the  different  layers  of  the  uterine  placenta,  but  their  character 
cannot  be  very  accurately  determined. 

The  tufts  of  the  uteiine  placenta,  which  serve  as  partition  walls  separating 
the  cotyledons,  divide  and  branch  repeatedly,  penetrating  deep  into  the  foetal 
part,  though  they  do  not  reach  the  innermost  portion,  a  fact  that  KoUiker 
had  previously  emphasized.     No  dii*ect  passage  of  these  processes  into  foetal 


*  Entwickslungsgesohiehte,  1861. 

+  8tUb.  d.  K.  Akademie  d.  Wmensehaft.    Mai-Heft    Wien,  1868. 
I  Icon.  Phyg.  ErkL  d.  Taf.  xxviii 

g  MUcrmk.  Uht&rs,  d.  BlutgefSsse  des  MuttertheUi  der  Placenta,    Medidmhy  West- 
nik,  1864,  No.  13. 

I  Zur  Le/ire  uber  die  Structur  der  Placenta,    Virch.  Arehiv^  Octob.  -Heft,  1867. 
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tissue  takes  place,  but  they  end  at  the  periphery  of  the  cotyledons ;  conse- 
quently between  the  tufts  of  the  central  parts  of  the  secondary  cotyledons 
we  never  meet  with  maternal  tissue.  The  more  minute  divisions  of  these 
tufts  have  the  appearance  of  fibrillated  tissue,  and  we  rarely  encounter  in 
them  the  cell-elements  of  the  uterine  placenta. 

As  to  the  relations  of  the  blood-vessels  in  the  matured  afterbirth,  the 
researches  of  KbUiker,  Virchow,*  and  others  have  shown  that  between  the 
arteries  and  veins  of  this  substance  no  capillary  mesh-work  exists,  but  that 
these  vessels  communicate  with  one  another  by  means  of  sinuous  interme- 
diate spaces.  These  vascular  spaces — which  exist  throughout  the  whole 
foetal  placenta,  and  also  freely  extend  into  the  foetal  villi — are  bordered  by 
placental  tissue  only. 

The  existence  of  a  delicate  membrane,  that  E.  H.  Weberf  first  described 
as  enveloping  these  vascular  spaces  of  the  maternal  portion,  later  researches 
(Kolliker,  BidderJ)  have  not  corroborated. 

The  placenta  foetalis,  or  foetal  part,  is  formed  by  the  development  of  the 
villi  of  the  chorion,  in  which  branches  of  the  embryonic  umbilical  vein  and 
two  umbilical  arteries  ramify. 

A  short  time  since,  Jassinski  devoted  himself  to  a  more  careful  study  of 
the  placental  villi.  He  confirms  the  statement  that  the  villi  are  invested 
with  pavement  epithelium,  but  states  that  the  pavement  layer  may  also 
receive  a  covering  of  columnar  epithelium. 

Since  the  tufts  grow  into  the  uterine  follicles,  their  columnar  epithelium 
may  remain  adhering  to  the  isolated  tufts.  As  to  the  proper  covering  of 
these  villi,  my  researches  have  demonstrated  the  following :  there  are  tufts 
beating  columnar  epithelium ;  in  such  cases,  however,  there  is  no  other  epi- 
thelial coat  to  be  met  with ;  the  columnar  epithelium  fringes  the  substance 
of  the  villus  which  bears  the  blood-vessel.  The  young  tufts,  on  the  other 
hand,  are  not  covered  with  either  columnar  or  pavement  cells ;  at  any  rate  the 
cell-bodies  are  not  defined,  but  consist  simply  of  protoplasma  with  numerous 
nuclei  embedded  in  them.  It  is  known  that  the  tufts  bud,  and  this  process 
means  that  processes  or  nodules  of  protoplasm  are  emitted  from  the  subr 
stance  of  each  villus.  These  processes  or  projections  become  thicker  and 
longer,  tmd  nuclei  collect  in  them ;  we  never  encounter,  however,  a  demon- 
strable cell-group,  but  only  an  aggregated  mass  of  protoplasm.  At  a  later 
stage  we  find  a  hollow  space  in  the  tufts,  but  even  then,  with  the  assistance 
of  silver  to  color  our  preparation,  we  are  unable  to  perceive  the  outlines  of 
epithelial  cells. 

Soon,  however,  a  mantle  of  columnar  cells  will  bo  formed  out  of  the  mass 
of  protoplasm  with  its  embedded  nuclei.  We  comprehend  the  histological 
condition  by  studying  the  successive  stages  of  development. 

We  encounter,  at  firat,  solid  villi,  filiform  in  character ;  subsequently  they 
are  stouter ;  at  a  further  stage  the  nuclei  are  abundant ;  then  we  notice  some 
are  hollow  in  the  interior,  and  finally  many  that  are  hollow  and  bear  colum- 
nar epithelium  only. 

I  must  allude  here  to  the  £su;t  that  I  have  repeatedly  seen  the  outer  bor- 
der of  the  villi  raised  up  and  isolated  from  the  basis  substance ;  Groodsir  § 


•  Ueber  die  BUduiig  der  Placenta,  1858.  GeaammeUe  Abhandlungen  zur  WUaen- 
BchafU.  Median. 

f  R.  Wagner,  Phy$.  3  Aufl. 

X  Zur  Hktol.  der  NaohgebuH.  Hoist's  Beitrag  zur  Oynacd.  u.  GeburUk,  1867, 
Heft  2. 

§  Anat  andpathoL  Besearcfies,  Edinb.  1845. 
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and  Schroder  van  der  Kolk  *  regarded  this  as  an  independent  menibi*ane. 
In  these  same  cases  I  observed  the  nuclei  were  often  separated  from  the 
border  by  a  more  or  less  considerable  quantity  of  basis  substance.  I  do  not 
know  whether  the  limiting  membrane  exists  during  life.  Examination  of 
fresh  specimens  with  the  best  objetcives  does  not  demonstrate  any  double 
contours.  The  membrane  that  after  maceration  by  Jassinski's  method  in 
muriatic  acid  is  found  partially  separated,  can  be  the  result  of  coagulation  in 
the  superficial  portion  of  the  protoplasm.  Besides,  it  is  not  probable  that  a 
membrane  forms  itself  on  budding  protoplasmic  processes,  since  we  after- 
wards find  the  outlines  of  cells  lying  free  upon  the  surface. 

The  vessels  of  the  villi  do  not  lie  immediately  upon  the  wall  of  the  villus, 
but  they  float,  as  it  were,  in  an  interspace  of  the  villus,  which  we  may  also 
call  a  perivascular  space.  It  is  usually  largest  on  the  ends  or  in  the  buds  of 
the  villi,  where  the  vessels  enter  but  a  short  distance. 

Schroder  van  der  Kolk  was  the  first  to  demonstrate  that  the  arteiies  and 
veins  of  the  villi  not  only  communicate  with  one  another  by  simple  loops, 
but  also  form  a  rich  capillary  network. 

The  connective  tissue  of  the  chorion,  too,  as  it  grows,  accompanies  the 
vessels  into  the  interior  of  the  villus.  In  the  trunks  the  connective  tissue 
(Virchow's  mucous  tissue)  shows  a  distinctly  fibrillated  structure;  in  the 
extremities  it  appears  like  a  structureless  intercellular  substance,  and  no 
longer  exhibits  a  fibrous  texture. 

Embedded  in  this  villous  tissue  are  round,  spindle,  and  star-shaped  cells, 
which  are  regarded  by  Kolliker  as  formation  cells  of  connective  tissue;  in 
addition  there  are  nuclei  about  which  no  cell-body  can  be  discovered.  This 
villous  tissue  passes  directly  into  the  connective-tissue  basis  of  the  chorion. 

Between  the  chorion  and  amnion  there  is  also  a  glutinous  tissue,  the  so- 
called  membrana  intermedia ;  it  represents,  according  to  the  researches  of 
Bischoff  t  (Kolliker,  Bidder),  the  residue  of  the  fluid  originally  lying  be- 
tween chorion  and  amnion.  There  are  no  cell-elements  or  vessels  in  this 
glutinous  layer. 

III. — ^The  Fallopian  Tube. 

[This  article  is  oontribnted  by  Grttnewald,  a  student  of  medicine,  who  acted  imder 
my  direction  in  canying  out  the  neoessaiy  researches.— Stbigkeb.] 

The  Fallopian  Tube  (Tuba  or  oviduct). — In  the  Human  species  the  Fal- 
lopian tube  springs  from  the  superior  lateral  border  of  the  uterus,  behind 
and  somewhat  above  the  origin  of  the  ligamentum  teres  uteri. 

As  to  its  course,  it  lies  in  the  superior  free  border  of  the  ligamentum  la- 
tum, which  serves  as  a  mesentery  for  it.J  It  is  partly  sti-aight  and  partly 
tortuous.  The  straight  portion  or  isthmus  (Barkow)  lies  nearer  the  uterus 
than  the  tortuous  part  or  ampulla  (Henle). 

In  Mammals  the  course  pursued  is  diflerent :  with  them  the  tubes  may 
either  continue  tortuous,  almost  from  their  very  commencement  at  the  ute- 
rus, and  not  become  straight  until  they  approach  the  ovary,  or  the  reverse 
may  be  the  case.  Sometimes  they  run  the  whole  distance  in  small  spirals,  or 
they  seem  coiled  in  a  knot  and  intertwined  in  one  another  as  in  the  Rat 

♦  WdamenUngen  over  het  Maaksd  van  de  menscJiUske  Placenta  en  over  haren  Bloeda 
omiiook.     Amsterdam^  1851. 

tBeitrag  ztir  Lehre  von  den  EihUUen  des  menaehL  Fostue^  1884 
Lehrbueh  der  Anatomie.    2.  ThjiL 
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(Meyerstein*),  the  Simia  Silyanus,  and  more  particularly  in  the  Opossum. 
(Blumenbach,  vergleich&nde  Anatomie^  p.  486.) 

The  tubes  are  not  always  of  the  same  length ;  at  one  time  the  right  is 
longer,  at  another  time  the  left.  The  isthmus  is  always  shorter  than  Uie 
ampulla,  though  the  relation  of  length  between  the  two  is  different  in  differ- 
ent animals.  In  the  common  Fowl  there  exists  but  one  Fallopian  tube,  and 
that  is  upon  the  left  side,  and  this,  indeed,  is  true  of  almost  all  Birds. 

In  the  common  Fowl,  too,  we  find  uniformly  a  furrow  between  the  ovary 
and  the  tube;  originally  there  are  the  rudiments  of  double  female  sexual  o^ 
gans ;  during  the  progress  of  development,  however,  the  imperfect  organ  on 
the  right  side  disappears,  f  The  left  tube  descends  more  or  leas  tortuously 
in  front  of  the  left  kidney  to  the  cloaca.  At  the  lowest  part  it  suddenly 
widens,  and  becomes  the  receptacle  of  the  egg  or  uterus.  It  is  attached  to  a 
fold  of  peritonaeum. 

Among  the  Amphibians  the  oviduct  is  double.  In  the  Buffo  dnereus  it 
extends  up  over  tJie  root  of  the  lungs ;  at  this  point  the  abdominal  end  is 
attached  for  about  eight  to  ten  lines,  by  means  of  a  peritoneal  fold,  to  the 
posterior  abdominal  wall.  The  upper  part  is  very  tortuous.  The  inferior 
end  becomes  suddenly  wider  and  ends  in  a  vesicular  pouch,  leading  after- 
wards into  the  cloaca. 

In  the  Human  species  and  Mammals  the  oviduct  communicates  with  the 
cavity  of  the  uterus  through  the  ostium  uterinum.  The  opening  is  in  the 
superior  angle  of  the  Human  utenis,  and  is  so  narrow  that  a  fine  bristle  can 
scarcely  be  pushed  through  it.  The  nearer,  however,  the  canal  approaches 
the  external  extremity,  or  ostium  abdominale,  the  more  it  enlarges,  imtil  on 
reaching  the  outlet  it  again  diminishes  in  size.  Haller  asserted  that  after 
the  tube  enlarged  it  became  constricted  ag^  somewhere  about  the  mid- 
dle ;  Weber  \  says  the  same  thing.  Meckel  §  computes  the  width  of  the 
ostium  uterinum  at  half  a  line,  the  width  of  the  ostium  abdominale  at  from 
three  to  four  lines.  Krause  |  estimates  the  width  of  the  ostium  uterinum  at 
from  one-fifth  to  one-fourth  of  a  line,  and  the  widest  part,  before  reaching 
the  ostium  abdominale,  at  two  lines.  Huschke^  thinks  this  last  measure- 
ment may  be  as  much  as  three  or  four  lines. 

In  the  Human  female  the  oviduct  enlarges  and  becomes  funnel-shaped  at 
its  abdominal  end.  This  part,  the  infundibulum,  is  separated  by  deep,  radi- 
ating divisions  into  a  number  of  lobes  or  fringes  (fimbria),  some  of  which 
are  pointed,  others  are  round.  On  the  inner  surface  of  these  lobes  are 
ridges,  partly  transverse,  partly  longitudinal,  continuations  of  the  mucous 
coat  of  the  ampulla,  and  which  cannot  be  smoothed  out.  One  fimbria  in 
particular  surpasses  the  others  in  length.  This  is  the  so-called  fimbria 
ovarica  of  Henle,  which  is  attached  with  its  peritoneal  surface  to  the  sharp 
and  free  border  of  the  ligamentum  infundibulo-ovaricum  (Henle),  a  second- 
ary fold  of  the  ligamentum  latum,  lying  between  the  lateral  margin  of  the 
ovary  and  the  in^ndibulum.  This  fimbria  may  reach  as  far  as  the  top  of 
the  ovary,  where  its  peritoneal  investment  is  interwoven  with  the  albuginea 
of  that  organ.  Frequently,  however,  it  extends  only  to  the  ovary,  and  in 
such  cases  the  ligamentum  infund.  ovar.  forms  a  furrow.  In  those  instan- 
ces in  which  a  space  exists  between  the  fimbria  ovarica  and  the  ovarium,  it 

*  Henle  nnd  Pfeifer's  Zmtschrift,  3.  Beihe,  Bd.  23,  S.  03.     Ueber  die  EOeUereiMger 
Sd/agethiere. 
t  Stamuos.  Lehrhueh  der  f>erdeichend,  Anatamie  der  Wlrhdthiere^  p.  333. 
1  Bd.  IIL  p.  616.  §  Bd.  IV.  p.  516. 

I  Bd.  I.  p.  559.  1  P.  470. 
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is  said  that  the  intermediate  sharp  and  naked  border  of  the  peritoneal  fold  is 
provided  with  ciliated  epithelium.  As  for  the  ostium  abdominale  of  the  four 
Fowls  that  I  examined,  there  was  a  double  relation  existing ;  in  three  cases 
the  tube  terminated  in  a  blind  extremity,  and  was  provided  at  the  end  with 
an  oblique  opening,  which  led  into  a  funnel  with  delicate  walls :  this  open- 
ing lay  in  the  above-mentioned  furrow ;  and  yet  these  were  young  animals 
that  had  not  yet  laid  e^s. 

The  fourth  case  examined  was  an  old  Hen ;  and  in  her  the  ostium  abdo- 
minale was  funnel-shaped,  almost  as  in  the  Human  species. 

In  the  Buffo  cinereus  the  abdominal  opening  is  attached  at  its  upper  ex- 
tremity, and  lies  in  a  transverse  fold  of  the  peritonssum  and  shows  the  same 
relation  as  in  the  young  Fowls. 

In  the  Human  Female,  and  in  Mammals,  if  we  divide  the  isthmus  of  the 
tnbe  by  a  transverse  incision,  the  lumen  appears  stellate.  The  following 
layers  can  then  be  distinguished  in  a  direction  from  without  inwards : — 

1.  The  adventitia,  exceedingly  rich  in  vessels  and  connective  tissue. 

2.  The  muscular  layer,  consisting  in  great  measure  of  circular  muscular 
fibres ;  longitudinal  muscular  fibres  are,  however,  embedded  in  it  to  a  more 
or  less  degree. 

3.  Finally,  the  mucous  membrane,  which  makes  numerous  folds,  some  of 
which  are  ovate,  others  are  spherical,  or  simply  form  low  ridges.  A 
vibrating  eolumnai*  epithelium  of  considerable  height  covei*s  these  folds ;  the 
interior  is  filled  with  a  dense  fibrillary  network,  rich  in  vessels.  The  mus- 
cular layer  of  the  mucous  coat  consists  of  longitudinal  muscles. 

In  the  ampulla,  the  adventitia  and  muscular  layers  preserve  the  same 
relations.  The  mucous  membrane  differs,  however,  as  may  readily  be  ima- 
gined firom  the  fact  that  its  functions  are  not  the  same ;  it  possesses  much 
more  complicated  folds  than  the  isthmus,  and  they  project  further  into  the 
passage,  and  frequently  seem  to  be  united  with  others  on  the  opposite  side  ; 
though  a  close  examination  generally  shows  that  this  is  an  apparent  and 
not  an  actual  observation,  still  such  an  attachment  really  occurs  in  some  in- 
stances. These  rugae  have  usually  subordinate  or  accessory  folds,  which  in 
turn  have  also  secondary  ridges,  so  that  they  present  on  the  whole  the  ap- 
pearance of  a  branching  tree.  There  are,  too,  unbi'anched  folds  arranged 
in  close  rows,  which  some  authors  (Bowman,  Hennig)  have  been  bold 
enough  to  ascribe  to  the  mucous  glands  of  the  Fallopian  tube.  But  we  only 
have  to  make  a  thin  longitudinal  section  of  the  tube,  either  in  Man  or  Mam- 
mals, to  be  immediately  convinced  that  no  glands  at  all  exist  in  the  ovi- 
duct. 

As  for  the  more  delicate  structure  of  the  fimbriee,  we  find  the  same  ele- 
ments as  in  the  other  parts  of  the  Fallopian  tubes,  of  which  they  must  be 
regarded  as  the  immediate  continuations.  These  fringes  are  very  rich  in 
blood-vessels. 

In  the  Fowl  the  external  covering  and  layer  of  circular  muscular  fibres  are 
arranged  jxvst  as  in  the  Human  species.  The  rugse  of  the  mucous  membrane, 
which  are  longitudinal  the  whole  length  of  the  Fallopian  tube,  are  un- 
branched,  and  consist  of  a  finely  fibrillated  net-like  tissue,  in  which  round 
cells  are  generally  embedded;  these  increase  in  size  as  you  approach  the 
epithelium.  In  the  middle  of  the  fold  there  is  a  highly  vascular  band  of 
connective  tissue,  which  sends  off  filaments  in  all  directions  into  the  fold, 
and  thus  the  finely  fibrillated  network  just  mentioned  is  constituted.  Along 
the  top  of  the  fold  nothing  more  is  to  be  seen  of  the  cord  of  connective  tis- 
sue, since  at  tbis  point  it  is  already  exhausted  by  the  distribution  of  branches 
into  the  interior.     The  epithelium  is  cylindrical  and  vibrating,  and  is  ar- 
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ranged  in  several  layers.  The  folds  are  at  one  time  longer,  at  another 
shorter.  The  structure  of  the  tube  in  the  Buffo  is  entirely  different.  While 
we  nowhere  encounter  glands  in  the  oviduct  of  Mammals  and  Birds,  we  find 
thi'oughout  the  whole  length  of  the  duct  in  this  particular  species  (only  ex- 
cepting the  upper  attached  part)  glandular  bodies.  They  are  arranged  at 
right  angles  to  the  long  axis,  and  are  only  separated  from  one  another  by 
delicate  connective  tissue.  If  we  spread  out  the  mucous  coat  with  needles, 
and  examine  it  with  even  a  lens  of  low  magnifying  power,  we  observe  a  fine 
velvety  tissue  between  the  longitudinal  folds.  The  entire  canal  exhibits 
these  folds,  but  they  are  highest  in  the  neighborhood  of  the  ostium  abdomi- 
nale.  This  tissue  is  only  absent  at  the  attached  abdominal  end,  where  the 
glands  occur  less  frequently;  it  has  minute  openings,  and  presents  in  general 
a  honeycombed  appearance. 

On  transverse  section  we  see,  externally,  an  enveloping  membrane  of  cx)n- 
nective  tissue ;  within  comes  a  delicate  layer  of  circular  muscular  tissue, 
upon  which  the  mucous  coat  lies  and  in  which  the  follicles  are  embedded ; 
as  already  stated,  fine  filaments  of  connective  tissue,  derived  from  the  mu- 
cous membrane  and  supporting  the  blood-vessels,  are  the  only  substance  in- 
tervening between  the  follicles. 

The  mucous  membrane  is  raised  into  numerous  longitudinal  folds,  between 
which  the  orifices  of  the  glandular  tubes  can  be  distinguished.  These  folli- 
cles are  invested  internally  with  well-defined  pavement  cells.  The  mucous 
folds  ai-e  pretty  high  at  the  abdominal  end,  and  divide  into  numerous 
branches,  as  in  the  Human  female. 

The  interior  is  filled  up  with  a  dense  cord  of  connective  tissue,  in  which 
there  are  blood-vessels  and  some  smooth  muscular  elements.  The  external 
investment  consists  of  high  cylindrical  epithelium,  with  vibrating  cilia. 
Throughout  the  remainder  of  the  tube  the  folds  are  not  branched. 
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CHAPTER  XXXI. 

THE   SPINAL   CX)RD. 

By  J.  GERLACH, 

OP  ERLANGEN. 

That  portion  of  the  central  nervous  system  occupying  the  greater  part  of 
the  spinal  canal,  called  the  spinal  cord,  constitutes  a  column  mainly  made  up 
of  nervous  tissue,  which  in  adults  terminates  on  a  level  with  the  first  lum- 


Fig.   240. 


Fig.  240.  Transverse  section  of  the  spinal  cord  of  a  Child  six  months  old,  in  the 
middle  of  the  lumbar  enlargement,  treated  with  chloride  of  potassium  and  gold,  and 
with  nitrate  of  uranium.  By  the  action  of  these  reagents  the  course  of  fibres  in  the 
gray  matter  is  rendered  unusually  distinct.  Magnified  twenty  diameters,  a,  anterior 
columns ;  6,  posterior  columns ;  c,  lateral  columns ;  <f,  anterior  roots ;  e,  posterior 
roots ;  /,  anterior  white  commissure  in  communication  with  the  anterior  horns  and 
oolunms  ;  g^  central  canal  lined  with  epithelium ;  h,  connective  tissue  round  about 
central  canal ;  t\  transyerse  fibres  of  the  gray  commissure  lying  in  front  of  the  cen- 
tral canal ;  k,  transverse  fibres  of  the  gray  commissure  lying  behind  the  central  canal ; 
2,  cross-section  of  the  two  central  veins ;  m,  anterior  horns ;  n,  great  lateral  cell- 
group  of  anterior  horn ;  <?,  smaller  anterior  cell-gfroup  ;  p,  smallest  median  cell- 
group  ;  q,  posterior  horns ;  r,  ascending  fibres  in  posterior  horn ;  9,  gelatinous  sub- 
stance. 
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bar  vertebra  by  a  conical  extremity.  This  column,  which  exhibits  an  increase 
in  thickness  at  the  parts  whence  originate  the  nervdS  for  the  upper  and  lower 
extremities,  the  so-called  cerWcal  and  lumbar  enlargements,  consists  of  two 
substances,  of  which  the  peripheral  is  white,  the  central  gray. 

The  external  white  substance  has  for  a 
long  time  been  considered  as  separable  in 
three  pairs  of  columns,  the  boundaries  of 
these  being  the  anteiior  longitudinal  fis- 
sure, the  points  of  exit  of  the  anterior 
and  posterior  roots  of  nerves,  and  the 
posterior  longitudinal  fissure.  This  di- 
vision into  anterior,  lateral,  and  posterior 
colunms,  is  tolerably  distinct  upon  the 
surface  of  the  cord,  but  is  lost  if  the 
parts  nearer  the  gray  centre  be  examined. 
In  addition  to  these  six  columns,  in  later 
years  the  anterior  white  commissui-e 
which  lies  in  front  of  the  gray  commis- 
sure, at  the  base  of  the  anterior  fissure, 
has  been  considered  as  part  of  the  white 
substance. 

On  a  transverse  section  the  central  gray 
matter  of  the  cord  appears  in  the  well- 
known  fonn  of  a  capital  Latin  H,  the  two 
lateral  parts  having  between  them  the 
posterior  commissure  and  the  central  canal 
{^g.  240,  i  g  k) ;  the  anterior  part  of  the 
limbs  of  the  H  being  called  the  anterior 
horns  (fig.  240,  w),  the  posterior  half  the 
posterior  horns  (fig.  240,  q). 

These  lateral  portions  vary  much  in 
outline,  as  seen  by  comparing  sections 
taken  from  different  parts  of  the  cord ; 
but  even  when  pi'esenting  the  greatest 
differences,  which  are  met  with  in  the 
cervical  and  lumbar  enlargement,  still  re- 
tain the  original  form  of  a  capital  letter 
H,  which  in  the  dorsal  region  appears 
composed  of  narrow  side  pieces,  in  the 
cervical  and  lumbar  regions  of  broad  ones 
(fig.  241,  A  B  C). 

A  knowledge  of  the  relative  propor- 
tions of  the  white  and  gray  substances  is 
of  the  highest  importance  for  a  proper 
111  is  is  by  no  means  uniform  in  various 
parts  of  the  organ,  but,  on  the  contrary,  very  variable.  By  the  comparative 
study  of  transverse  sections  made  at  different  levels  in  the  cord,  the  observer 
very  soon  becomes  aware  of  the  fact  that  the  enlargements  in  the  cervical 
and  lumbar  regions  are  solely  due  to  increase  of  the  gray  matter. 

The  comparison  of  such  sections  furthermore  teaches  that  the  white  sub- 
stance, gradually,  it  is  true,  but  unmistakably  increases  in  amount  from 
below  upward,  as  is  shown  in  the  most  convincing  manner  by  the  annexed 
drawings  (fig.  241),  made  with  photographic  exactness  from  sections  of  the 
Human  spinal  cord  in  the  cervical,  dorsal,  and  lumbar  regions.     In  the 


Fig.  241 .  Transyerse  sections  of  the 
spinal  cord  of  a  Child  six  months  old, 
at  yarious  levels.  Magnified  8  diam. 
A^  From  the  middle  of  the  cervical 
enlargement.  B,  From  the  middle 
of  the  dorsal  region.  C,  Prom  the 
middle  of  the  lumbar  enlargement. 

understanding  of  the  spinal  cord. 
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decreasing  comis  medvUaris  the  white  substance  rapidly  diminishes  as  com- 
pared with  the  gray,  and,  finally,  at  the  termination  of  the  cord  in  thefiium 
terminale,  the  white  substance  altogether  disappears.  The  white  substance  . 
of  the  spinal  coi*d  contains  as  nervous  elements  large  and  medium-sized 
nerve-fibres,  as  well  as  connective  tissue  and  blood-vessels ;  the  gray  matter, 
besides  large,  frequently  dividing  nerve  fibres,  presents  the  finest  fibrillar 
elements  with  which  I  am  acquainted  in  the  nervous  system,  the  disposition 
of  which  in  the  shape  of  a  network  in  combination  with  nei've-cells  consti- 
tutes the  distinctive  character  of  the  gray  substance,  as  contrasted  with  the 
white.*  As  regards  other  than  nervous  elements,  we  here  meet  with  blood- 
vessels, much  more  numerous  than  in  the  white  substance,  and  whose  capil- 
laries form  an  exceedingly  fine  network ;  epithelium  lining  the  centi*al 
canal;  and  connective  tissue,  which  last  is  particularly  abundant  in  the 
immediate  neighborhood  of  the  central  canal,  and  in  that  portion  of  the  pos- 
terior hoi-ns  known  as  the  substantia  gelatinosa  of  Rolando. 

The  White  Substance  op  the  Spinal  Cord, 

The  white  substance  of  the  spinal  cord  is  sunounded  by  a  layer  of  con- 
nective tissue,  a  dependence  of  the  pia  mater.  This  layer  remains  clinging 
to  the  cord  after  the  removal  of  the  pia  mater,  which  comes  away  from  the 
cords  of  Infants  or  young  subjects  in  the  shape  of  long  shreds,  by  careful 
pulling  from  above  downward.  The  cause  of  the  phenomenon  is  partly  that 
this  layer  is  united  by  continuity  with  the  connective  tissue  of  the  cord, 
partly  that  the  fibrillation  of  the  connective  tissue  which  constitutes  the 
separable  part  of  the  pia  mater  has  an  essentially  longitudinal  direction, 
whereas  the  layer  adherent  to  the  cord  is  made  up  of  connective  tissue  whose 
fibres  are  mainly  disposed  in  a  circular  manner.  The  longitudinal  tissue  of 
the  separable  pia  mater  is,  however,  continuous  with  the  adherent  layer  of 
circular  fibres.  It  depends  upon  the  greater  or  lesser  closeness  of  this  union, 
whether  the  pia  mater  be  easily  or  with  difficulty  stripped  off.f 

Both  portions  of  the  pia  mater  extend  to  the  bottom  of  the  anterior 
fissure,  that  is  to  say,  as  far  inward  as  the  anterior  white  commissure,  while 
only  the  adherent  layer  of  the  pia  mater  sinks  directly  down  into  the  pos- 
terior fissure  to  the  gray  commissure.  This  posterior  septum  unites  the 
posterior  columns  so  closely  that  a  posterior  fissure  cannot  well  be  said  to 
exist,  in  the  strict  meaning  of  the  word.  In  this  manner  the  anatomical 
dispute  about  the  existence  of  a  posterior  fissure  finds  a  solution. 

The  posterior  septum  is  not  the  only  process  of  the  peripheral  connective 
tissue  penetrating  the  interior  of  the  spinal  cord,  but  there  are  seen,  in  trans- 
verse sections,  very  numerous  similar  septa  which  traverse  the  white  sub- 
stance, reaching  the  gray,  and  uniting  among  themselves  in  the  most  com- 
plicated manner.     The  difiference  between  these  septa,  which  start  from 

*  In  the  dorsal  region  of  the  Human  spinal  cord  there  are  also  found  a  few  small, 
scattered  nerve-cella  in  the  oonnective-tissue  trabecule  of  those  portions  of  the  lateral 
colamns  which  lie  next  the  gray  matter.  In  the  marrow  of  the  Ox  and  Sheep  these 
ceUs  are  much  more  abundant. 

f  How  easily  this  formless  connective  tissue  is  sometimes  torn  I  observed  in  the 
body  of  a  Child  sent  me  many  years  ago  as  a  curiosity  from  a  neighboring  town,  with 
the  remark  that  it  was  an  instance  of  a  spinal  cord  without  a  single,  attached  nerve. 
The  spinal  canal  was  unopened,  but  the  entire  well-preserved  spinal  cord  had  already 
been  removed,  of  course  deprived  of  pia  mater  and  nerve  roots,  and  was  separately 
wrapped  up.  In  this  exceedingly  rare  case  it  had  accidentally  been  possible  to  extract 
the  entire  spinal  cord  from  the  spinal  canal  by  a  puU  from  above,  while  the  pia  mater 
and  the  external  membranes  with  the  nerve-roots  remained  behind  in  the  spinal  canal. 
40 
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every  part  of  the  periphery  of  the  cord,  and  the  posterior  septum,  is  that  the 
latter  extends  dii*ectly  down  to  the  gray  matter,  whereas  the  former  branch 
and  join  like  the  veins  of  a  leaf,  and  follow  no  direct  course.  We  are  con- 
sequently led  to  look  upon  the  connective  tissue  of  the  white  substance  as  a 
network  of  large  and  small  bundles,  in  whose  meshes  longitudinally  arranged 
nerve-fibres  are  imprisoned.  The  course  of  the  blood-vessels  coincides  with 
that  of  the  connective-tissue  bundles.  The  size  of  these  bundles  is  easily 
ascertained  by  the  diameter  they  present  in  transverse  sections.  The  largest, 
those  immediately  derived  from  the  peripheral  connective-tissue  layer, 
measure  from  .015  to  .02  mm.,  and  by  repeated  division  decrease  to  .008  mm. 
The  superficial  area  of  the  more  or  less  rhombic  spaces  enclosed  by  these 
bundles  measures  on  transverse  sections  from  .03  to  .09  square  mm. 

This  layer  at  the  circumference  of  the  spinal  cord,  as  well  as  the  network 
of  trabeculaa  proceeding  from  it,  possesses  a  peculiar  structure,  which  has 
occasioned  the  creating  of  a  special  tissue,  the  so-called  nerve- cement  or 
neuroglia.  The  external,  thicker  part  of  the  peripheral  layer,  and  a  large 
proportion  of  the  septa  starting  from  it,  exhibit  the  well-known  structure  of 
fibrillar  connective  tissue,  consisting  of  undulating  bundles  of  fine  connective- 
tissue  fibrilla,  which  run  horizontally  to  the  vertical  axis  of  the  body. 
After  the  addition  of  alkalies,  by  which  these  fibrillte  are  made  to  disappear, 
a  few  elastic  fibres  may  be  perceived.  In  chromic  acid  preparations  which 
have  been  stained  by  a  solution  of  carmine,  there  are  also  seen,  best  after  the 
action  of  very  dilute  acetic  acid,  cellular  elements  with  highly-colored  nuclei, 
and  a  varying  number  of  processes,  some  branching,  which  can  be  isolated 
with  comparative  ease  in  consequence  of  the  prolonged  action  of  the  chromic 
preparation. 

In  the  immediate  neighborhood  of  the  spaces  above  referred  to,  the  mici-o- 
scopical  appearance  of  the  tissue  changes.  The  fibrillsa  disappear,  and  in 
their  stead  is  seen  a  very  finely  granular  substance  which  is  continuous  with 
the  fibrillai'  tissue,  and  extends  into  the  spaces  of  the  fibrous  network,  filling 
these  in  such  a  way  as  to  leave  room  only  for  the  passage  of  nerve-fibres, 
which  nearly  all  proceed  vertically ;  a  disposition  which  is  best  seen  in  the 
thinnest  possible  transverse  sections.  In  such  preparations  are  seen  trans- 
verse sections  of  nerve-fibres,  closely  surroimded  by  this  finely  granular 
substance,  and  in  some  places  round  apertures  are  perceived,  from  within 
which  the  cut  nerve-fibres  have  escaped  {^g,  242,  JB  c).  This  finely  gra- 
nular substance  is  traversed  in  all  directions  by  extremely  delicate  fibi*es, 
which  are  joined  to  one  another  in  the  most  complicated  manner  (fig.  242, 
A  a).  This  microscopic  appearance  of  the  granular  substance,  with  its  con- 
tained network  of  fine  fibres,  only  distinctly  seen  in  the  thinnest  cuts,  bears 
the  greatest  resemblance  to  the  fundamental  substance  of  yellow  or  fibro-car- 
tilage,  as,  for  example,  that  which  is  found  in  the  arytenoid  cartilage  of  the 
Ox.  Opinions  are  divided  touching  the  histological  significance  of  this  web  of 
fine  fibres.  KoUiker  *  considers  it  as  a  network  of  stellate  cells,  presenting 
this  peculiarity,  that  their  processes  repeatedly  branch  and  communicate 
with  each  other  and  with  neighboring  ceils.  Henle  and  Merkel  f  insist 
upon  the  resemblance  of  this  network  to  a  reticulation  of  fine  elastic  la- 
mellss  ;  while,  on  account  of  their  dimensions,  their  powers  of  refraction,  and 
their  chemical  characteristics,  ranking  the  bundles  of  fibres  with  connective- 
tissue  fibrillas.     I  cannot  accept  either  of  these  views,  but  consider  the  net- 

*  KoUiker,  Handbuch  der  Omcehdchre.     Funfte  Auflage,  S.  267.     French  'edition. 
Vol.  I.    Paris,  1869,  p.  349  et  seq. 
t  In  Zeitsehnjtfar  rationeUe  Medicin.     Dritte  Reihe,  Bd,  24,  S.  56. 
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Fig.  242. 


work  as  belonging  to  the  elastic  tissues,  to  which  opinion  I  am  led,  as  well  by 
the  resemblance  of  the  tissue  with  the  fundamental  substance  of  elastic  or 
fibro-cartilage,  as  by  the  resistance 
which  these  fibres,  like  elastic  fibres, 
oppose  for  a  certain  length  of  time  to 
the  action  of  alkalies. 

Besides  the  reticulum  of  elastic 
fibres,  we  find  cellular  elements  in  the 
granular  substance.  These  are  more 
or  less  abundant  in  vaiious  parts  of 
the  spinal  cord,  and  exhibit  a  variety 
of  ti-ansition  shapes,  from  such  as  con- 
sist of  a  very  small  amount  of  proto- 
plasma  round  about  a  nucleus  (fig. 
242,  Bf),to  the  completely  develop- 
ed connective-tissue  cell  having  pro- 
cesses (fig.  242,  JB  e).  By  the  pro- 
longed action  of  a  very  dilute  ammo- 
niacal  solution  of  carmine,  these  cells 
become  tinged  in  accordance  with  the 
staining  law  of  dead  tissues ;  the  nu- 
cleus of  the  deepest  hue,  the  protoplas- 
ma,  and  the  processes  likewise,  when 
present,  less  deeply  but  still  distinctly ; 
whilst  the  delicate  network  takes  up  no 
coloring  matter  whatever,  a  fact  which 
affords  no  little  support  to  my  opinion, 
that  this  network  belongs  to  the  elas- 
tic tissues  ;  since  it  is  well  known  that 
elastic  fibres  are  completely  indifferent 
to  the  action  of  ammoniacal  carmine. 

As  already  stated,  nothing  is  to  be  seen  in  the  tissue  immediately  sur- 
rounding the  nerve  fibres,  as  well  as  in  the  neuroglia  existing  in  the  gray 
substance  of  the  cord,  but  a  peculiar  modified  connective  tissue,  whose  semi- 
solid fundamental  substance  is  finely  granular  and  fibrillated ;  or,  according 
to  Walther's*  observations  on  the  frozen  living  brain,  which  need  confirma- 
tion, only  a  structureless  tissue.  If  the  latter  view  be  exact,  the  finely  gran- 
ular state  of  the  neuroglia  must  be  looked  upon  as  produced  by  the  prolonged 
action  of  hardening  solutions.  This  finely  granular  or  primitively  structure- 
less fundamental  substance,  as  is  not  unfrequently  the  case  in  ordinary 
fibrillar  connective  tissue  (serous  membranes,  for  example),  is  traversed  in  all 
directions  by  a  network  of  delicate  elastic  fibres  containing  cellular  elements, 
connective- tissue  corpuscles  in  vaiious  stages  of  development.  As  regards 
the  origin  of  the  latter  elements,  Henle  and  Merkel,f  starting  from  the  well- 
known  observations  of  Cohnheim  on  suppuration,  have  advanced  an  inter- 
esting hypothesis  to  the  effect  that  these  cellular  elements  are  nothing  but 
exuded  white  blood  corpuscles. 

The  nerve  fibres  of  the  white  substance  possess  an  essential  part,  the  axis 
cylinder,  whose  diameter  bears  a  tolerably  constant  relation  to  that  of  the 
nerve  fibre  itself,  measuring  from  one-foui*th  to  one-third  the  width  of  the 
latter.  In  preparations  slightly  hardened  by  chromic  salts,  after  the  action 
of  alkalies,  a  finely  striated  structure  of  the  axis  cylinder  is  unmistakably 


Fig.  242.  A,  Longitudinal  section 
of  the  white  substance  of  the  Human 
spinal  oord.  a,  elastic  fibres  of  the 
connectiye  substance;  b,  cellular  ele- 
ment of  the  comiective  substance.  B, 
Transverse  section  of  the  white  sub- 
stanoe.  a,  axis  cylinder ;  d,  myeline ; 
e^  aperture  from  within  which  a  trans- 
versely cut  nerve-fibre  has  fallen ;  d^ 
finely  granular  connective  substance, 
containing  delicate  elastic  fibres;  «, 
full-grown  connective-tissue  cell,  with 
processes;  /,  young  connective-tissue 
cell,  whose  nucleus  is  surrounded  only 
by  a  small  amount  of  protoplasma. 
Magnified  800  diam. 


'  Walther,  Medic.  CentraMxtt^  Jahtg.  1868.     S.  450. 
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visible  with  the  higher  powers  ;  and  I  indorse,  as  regards  the  intimate  struc- 
ture of  the  axis  cylinder,  the  excellent  description  given  of  it  in  this  work 
by  M.  Schultze.*  A  second  constituent  part  of  nerve  fibres,  hardly  ever 
wanting  in  fully  developed  ones,  is  the  nerve  marrow  or  myeline,  for  an 
account  of  whose  histological  and  micro-chemical  characters  I  again  refer  to 
M.  Schultze's  article.  In  thin  transverse  sections  of  the  cord,  after  coloring 
with  ammoniacal  carmine,  the  distinction  between  the  axis  cylinder  and  the 
myeline  appears  most  striking.  Each  nerve  fibre  then  exhibits  the  well- 
knoix-n  almanac  representation  of  the  sun,  in  the  centre  being  a  large  dot  of 
an  intense  red  color,  surrounded  by  a  broad,  refracting  ring  of  myeline  (fig. 
242  Bah).  Not  unfi^uently,  in  cross-sections,  the  myeline  presents  a 
more  or  less  marked  concentric  lamellation.  Whether  this  is  to  be  consi- 
dered as  a  peculiar  effect  of  coagulation,  or  as  the  expression  of  a  really  con- 
centric disposition  around  the  axis  cylinder,  I  dare  not  decide. 

It  is  denied  that  the  sheath  of  Schwann  (neurilemma)  which  surrounds  the 
meduUated  peripheral  fibres,  exists  upon  those  of  the  central  organs.  In  fact 
no  trace  of  this  sheath  is  visible  upon  an  isolated  fibre  of  the  gray  or  white 
substance.  It  is,  however,  possible  that  it  is  not  wholly  wanting,  being  in- 
visible in  teased  preparations  because  of  its  intimate  union  with  the  neuroglia. 
One  thing  favoi*able  to  this  view  is  that  in  transverse  sections  of  the  white 
substance  the  limit  between  the  myeline  and  the  neuroglia  is  indicated  by  a 
sharply  defined  line,  which  may  be  accepted  as  evidence  of  the  presence  of  a 
membrane  of  Schwann.  The  following  facts  still  further  support  this  opin- 
ion :  that  by  its  micro-chemical  reactions,  the  membrane  of  Schwann  is  known 
to  belong  to  the  elastic  tissues,  and  that  the  delicate  elastic  fibres,  demon- 
strated by  me  in  the  neuroglia,  can  be  followed  close  up  to  the  limit  of  the 
myeline,  and,  as  may  be  well  seen  in  a  thin,  slightly  compressed  longitudinal 
section,  often  terminate  by  sharply-cut  ends  (fig.  242  A).  Since  it  can  nei- 
ther be  maintained  that  there  is  a  continuity  between  the  elastic  fibre  and  the 
myeline,  nor  that  there  is  any  difference  in  chemical  constitution  between 
the  membrane  of  Schwann  and  the  elastic,  fibres,  it  is  not  very  hazai'dous  to 
conclude  that  the  elastic  fibres  coalesce  with  the  equally  elastic  sheath  of 
Schwann  developed  from  the  neuroglia.  Considered  from  this  point  of  view, 
the  existence  of  a  network  of  elastic  fibi*es  has  an  unmistakable  physiolo- 
gical significance,  appearing  to  be  a  preservative  medium  intended  to  pro- 
tect the  nervous  elements  in  the  stretching  and  twisting  to  which  tlie  spinal 
cord  is  subjected  by  reason  of  the  movements  of  the  vertebrae.  I  have  not 
been  able  satisfactorily  to  observe  divisions  of  nerve  fibi-es  in  the  white  sub- 
stance, but  other  observersf  claim  to  have  seen  this  in  fine  fibres. 

The  diameter  of  nerve  fibres  in  the  white  substance  is  not  at  all  uniform, 
as  is  shown  by  the  comparison  of  the  size  of  fibres  in  various  pai-ts  of  cross- 
sections  of  the  cord.  The  thickest  fibres,  measuring  from  .012  to  .02  nmi.,  are 
found  in  those  poiiiions  of  the  anterior  columns  which  form  the  edges  of  the 
anterior  median  fissure.  This  is  also  the  part  in  which  the  difference  in 
breadth  between  fibres  enclosed  in  one  compartment  of  the  neuroglia  is  the 
least  striking.  In  the  lateral  columns,  in  the  same  compartment,  we  meet 
with  fibres  .014  or  .018  mm.  in  diameter  lying  close  to  others  which  only  meas- 
ure .004,  .006,  or  .008  mm.  In  the  peripheral  meshes  broad  fibres  predomi- 
nate, while  in  those  nearest  the  gray  matter  the  smallest  are  observed.  In 
the  posterior  columns  there  is  a  certain  regular  gradation  in  the  diameter  of 

*  S.  118. 

t  O.  Deiters,  Untersucfiungen  uher  Oehirn  und  Ruekenmark^  heransgegeben  von 
Blax  Schultze.     Braunachweig.     1868.    S.  110. 
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fibres,  which  increase  in  thickness  from  behind  forward,  that  is  to  say,  as  we 
observe  them  nearer  to  the  posterior  gi'ay  commissure.  In  the  last-named 
part  the  fibres  of  the  posterior  columns  have  a  diameter  of  .014  mm.,  while 
those  lying  further  back  become  more  and  more  slender,  reaching  .005  and 
.008  mm.  In  the  upper  dorsal  and  in  the  entire  cervical  regions  there  is 
found,  separated  by  a  strong  fibrous  septum  from  the  posterior  columns,  and 
placed  against  each  side  of  the  median  line,  a  bundle  *  of  small  fibres,  which 
bundles  resemble  wedges  in  cross-sections,  whose  apices  look  forward  and 
inward,  and  whose  bases  are  directed  backward  (compare  fig.  241-4).  In 
the  spinal  cord  of  animals  the  variations  in  the  diameter  of  nerve  fibres  are 
much  greater  than  in  Man,  and  the  greatest  extremes  are  met  with  in  the 
cords  of  the  lowest  Vertebrata. 

Fig.  243. 
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Fig.  243.  LoDgitndinal  section  of  one-half  of  the  spinal  cord,  made  from  right  to 
left  in  the  middle  of  the  anterior  horn,  in  the  lumbar  enlargement  of  the  Human 
cord ;  treated  with  chloride  of  palladium,  and  chloride  of  gold  and  potassium,  by  which 
the  fibrillation,  particularly  that  in  the  lateral  portion  of  the  gfray  substance,  is  brought 
out  with  extraordinary  sharpness.  Magnified  50  diam.  a,  lateral  column  ;  b^  anterior 
column  ;  c,  entrance  of  the  fibres  of  the  anterior  horn  into  the  lateral  column,  prepara- 
tory to  ascending  in  these ;  (f,  lateral  part  of  the  anterior  horn,  showing  fibres  and 
the  cells  of  the  lateral  groups ;  e,  internal  part  of  the  anterior  horn. 

As  regards  the  relative  proportion  between  nerve  fibres  and  connective- 
tissue  neuroglia,  as  far  as  this  can  be  appreciated  in  transverse  sections,  they 
appear  about  equally  abundant  in  the  anterior  and  lateral  columns ;  only  in 


*  These  are  the  parts  of  the  posterior  columns  which  were  first  described  by  Bur- 
dach  as  slender  columns,  and  which  Kolliker  called  columns  of  QoU ;  a  name,  it  seems 
to  us,  not  very  fortunately  chosen,  because  Burdach  divided  the  posterior  columns  in 
the  cervical  region  into  slender  columns  (columns  of  GoU)  and  cuneiform  columns, 
by  the  latter  term  meaning  the  remaining  lateral  portions  of  the  posterior  columns  of 
the  cervical  region,  aiter  Uie  separation  of  the  median  slender  bundles. 
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that  portion  of  the  lateral  columns  which  borders  on  the  gray  matter,  con- 
nective-tissue predominates.  The  posterior  columns  seem  richer  in  neuroglia 
than  the  antero-lateral  columns  ;  and  especially  is  this  ti-ue  of  the  median 
subdivision  of  the  posterior  columns,  the  columns  of  GoU,  cuneiform  col- 
umns, or  slender  columns  of  Burdach,  which,  in  successful  carmine  pre- 
parations, consequently  appear  of  a  deeper  red  than  the  circumjacent  parts 
of  white  substance. 

As  regards  direction,  we  distinguish  in  the  white  substance  of  the  spinal 
cord,  vertical,  horizontal,  and  oblique  fibres. 

By  far  the  most  numerous  are  the  vertical  fibres  which  constitute  the 
principal  part  of  the  columns  of  the  cord,  and  which,  united  in  thick  or  thin 
bundles,  proceed  upward  in  a  parallel  course  to  the  medulla  oblongata.  The 
demarcations  between  the  different  bundles  of  fibres  ai-e  seen  in  transverse 
sections  to  consist  in  connective-tissue  septa  derived  from  the  inner  portion 
of  the  pia  mater.  It  is  by  no  means  rare,  in  longitudinal  sections,  to  see 
these  bundles  superimposed  and  interlaced  ;  but,  in  my  opinion,  this  appar- 
ent interlacing  of  bundles  of  fibres  below  the  medulla  oblongata  is  to  be  ex- 
plained by  the  fact  that  it  is  extraordinarily  difficult  to  obtain  perfectly 
longitudinal  sections  of  the  spinal  cord.  The  greater  number  of  our  so- 
called  longitudinal  cuts  are  in  reality  more  or  less  oblique ;  and  it  is  not 
surprising  that  in  such  we  should  mistake  mere  superposition  of  bundles  for 
interlacing.  I  have  been  able  to  ascertain  with  certainty  the  occurrence  of 
real  inteiw^eaving,  and  the  passage  of  fibres  from  one  fasciculus  to  another, 
only  in  the  internal  portion  of  the  latei*al  columns. 

Horizontally  disposed  fibres  are  found  in  the  following  parts  of  the  white 
substance  of  the  spinal  cord  : — 

1.  In  the  anterior  white  commissure,  where  the  horizontal  course  of  the 
fibres  is  easily  demonstrated  in  transvei-se  sections.  They  here  appear  in  the 
shape  of  an  exquisite  crossing  (fig.  240  ^^  and  fig.  249  i),  which  must  not, 
however,  be  taken  as  proof  of  the  decussation  of  the  anterior  colimms.  On 
the  contrary,  according  to  my  observation,  all  the  horizontal  fibres  of  the 
anterior  white  commissure  which  pass  over  to  the  opposite  side  to  go  on  up 
toward  the  brain,  spring  from  the  gray  substance  of  the  anterior  horn  in 
such  a  way  that  fibres  coming  from  the  right  anterior  horn  ascend  in  the  left 
anterior  coliunn,  and  those  derived  from  the  left  anterior  hoiii  ascend  in  the 
light  anterior  column  (fig.  249).  In  order  to  take  this  course  the  fibres 
must  necessarily  cross  the  median  line,  and  the  place  where  this  happens  is 
the  anterior  white  commissure. 

This  view  is  favored  by  the  circumstance  that  the  anterior  white  commis- 
sure is  broadest  in  those  parts  of  the  spinal  cord  where  the  gray  substance  is 
most  abundant,  and  narrowest  where  it  diminishes. 

2.  The  second  place  in  which  horizontal  fibi*es  make  their  appearance  is 
in  the  internal  parts  of  the  lateral  columns  which  border  on  the  gray  sub- 
stance (fig.  243  c).  These  are  the  fibres  which,  proceeding  laterally  from  the 
gi-ay  substance  of  the  anterior  horns,  take  an  upward  course  in  the  lateral 
columns.  At  their  point  of  exit  from  the  gray  matter,  these  fibres  for  a 
short  distance  follow  a  horizontal  direction.  Certain  fibres  of  the  posterior 
columns  exhibit  a  similar  arrangement,  viz.,  those  which  are  continuous 
with  the  fibres  lying  in  front  of  &e  substantia  gelatinosa  (244  g).  These 
take,  for  quite  a  cUstance  in  the  posterior  columns,  a  clearly  horizontal 
course,  as  is  well  shown  in  transverse  sections  treated  with  chloride  of  gold. 
However,  while  in  the  case  of  the  horizontal  fibres  of  the  lateral  columns  it 
seems  pretty  well  established  that  they  proceed  from  the  gray  matter  into 
the  lateral  columns  and  ascend  in  these,  as  regards  the  horizontal  fibres  of 
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the  posterior  columns,  it  is  not  easy  to  determine  whether  they  come  from 
the  gray  matter  of  the  j>08terior  horn,  to  continue  their  course  in  the  pos- 
terior column,  or  whether  they  do  not  belong  to  that  portion  of  the  posterior 
root  fibres  which,  before  entering  the  posterior  horns,  ascend  or  descend  in 
a  certain  length  of  the  posterior  column,  then  turn  in  the  posteiior  column 
and  penetrate  the  gray  substance  of  the  posterior  horn. 

Fig.  244. 
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Fig.  244.  Transverse  section  of  the  posterior  half  of  the  Human  spinal  cord  in  the 
lumbar  enlargement,  treated  with  chloride  of  gold  and  potassiam,  and  showing  unusu- 
ally well  the  fibrillation  of  the  posterior  horn  of  the  gray  matter,  magnified  50  diam.  a, 
posterior  column ;  6,  lateral  column ;  c,  fibrillations  of  the  posterior  horn ;  d,  substantia 
gelatinosa ;  «,  posterior  nerve  root ;  /,  fibres  of  the  posterior  roots,  which  ascend  and 
probably  also  descend  a  certain  distance  in  the  posterior  colunm  before  entering  the 
gray  matter ;  g^  horizontal  fibres,  which  pass  from  the  posterior  horn  into  the  pos- 
terior column  and  vice  versd  ;  A,  fibres  which  lie  in  front  of  the  substantia  gelatinosa 
and  ascend  in  the  posterior  horn. 

3.  The  fibres  of  the  posterior  roots  are  also  to  be  looked  upon  as  consti- 
tuting tolerably  horizontal  fibres  of  the  white  substance ;  nearly  all  of  which 
proceed  from  without  toward  the  median  line  {^g,  244  c),  and  consequently 
appear  as  transvei-sely  cut  across  in  antero-posterior  longitudinal  sections 
(fig.  252  g).  A  part  of  the  fibres  belonging  to  the  posterior  roots  certainly 
retain  their  horizontal  course  in  the  white  substance,  and  enter  directly  into 
the  substantia  gelatinosa  of  the  posterior  horns ;  whereas  the  middle  por- 
tions of  these  roots  (fig.  244^^)  turn  up  in  that  part  of  the  posterior  columns 
which  borders  on  the  substaoitia  gelatinosa,  therein  take  a  vertical  direction, 
ascending  or  perhaps  descending  in  them  for  a  longer  or  shorter  distance, 
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previous  to  again  turning  to  enter  the  gray  substance  lying  just  in  front  of 
the  substantia  gelatinosa  (fig.  244  g). 

The  anterior  roots  contain  the  oblique  fibres  of  the  white  substance  of  the 
spinal  cord.  On  exactly  transverse  sections  these  fibres  are  only  partially 
visible  (fig.  240  d\  whereas  in  antero-posterior  longitudinal  sections  the 
obliquity  of  their  course  is  plainly  revealed  (fig.  252  6).  Oblique  fibres  are 
also  met  with  in  the  upper  part  of  the  cervical  region  of  the  spinal  cord,  and 
much  more  abundantly  in  the  medulla  oblongata.  These  belong  to  the  inner 
portion  of  the  latei*al  columns,  and  proceed  inward  and  forward ;  they  are 
naught  but  the  beginning  of  the  pyramidal  fasciculi,  which  attain  their  greatr 
est  development  in  the  medulla  oblongata. 

The  Gray  Substance  op  the  Spinal  Cord. 


Fig.  245. 


In  the  gray,  as  in  the  white  substance,  the  neuroglia  is  abundant.  This 
constitutes  the  support  for  the  nei'vous  elements  of  the  gray  matter,  and  is 
continuous  with  the  same  tissue  in  the  white  substance.  The  posterior  lon- 
gitudinal septum,  as  well  as  the  above-described  septa  of  the  white  columns, 
lose  their  fibrillated  structure  after  their  entrance  into  the  gray  substance, 
and  take  on  the  histological  characters  of  that  tissue  which  we  have  studied, 
that  forming  the  support  of  nerve  fibres  in  the  net- 
work of  the  white  matter.  This  tissue  (neuroglia) 
presents  some  peculiarities  in  the  immediate  neigh- 
borhood of  the  central  canal,  and  in  that  portion 
of  the  posterior  horns  which  bears  the  name  of 
substantia  gelatinosa.  When  we  come  to  desciibe 
in  detail  paiiiiculai'  portions  of  the  gray  matter, 
these  peculiaiities  will  be  dwelt  upon  (fig.  245). 

The  nerve  fibres  of  the  gray  matter  are  extraor- 
dinarily abundant  and  constitute  its  greater  part. 
Many  bear  myeline,  very  many  show  only  a  naked 
axis  cylinder,  upon  which  no  myeline  can  be  de- 
monstrated. They  are  distinguished  from  the 
fibres  of  the  white  substance  by  the  frequent  di- 
visions, which  may  be  observed  in  a  single  fibre, 
and  by  means  of  which  the  diameter  of  the  origi- 
nal nerve  fibre  is  ultimately  much  reduced.  Pre- 
cise mensurations  of  these  fibres  are  not  easily 
made,  because,  below  a  size  of  .004 — .005  mm. 
there  are  fibres  of  most  varying  diameters  down  to 
an  immeasurable  size,  which  last  are  by  far  the 
most  numerous.  These  extremely  fine  fibres,  re- 
sulting from  repeated  subdivisions,  form  a  narrow- 
meshed  network,  which,  together  with  nerve-cells, 
constitute  the  characteristics  of  the  gray  matter  of 
the  spinal  cord.  This  network  cannot  be  seen  in 
absolutely  fresh  spinal  cords,  and  even  in  cords 
treated  by  chromic  salts,  the  action  of  other  re- 
agents is  necessary  to  render  it  visible.  As  the 
gray  matter  is  as  yet  so  little  understood,  we  may 
be  allowed  to  speak  briefly  of  the  methods  re- 
quisite for  its  study. 
A  certain  degree  of  hardening  of  the  spinal  cord  must  precede  the  em- 
plo3'ment  of  one  method,  which  essentially  consists  in  the  treatment  of  thin 


Fig.  245.  A  partially 
medullated  nerve  fibre, 
showing  repeated  subdi- 
visions, isolated  from  the 
gray  matter  of  the  Haman 
spinal  cord  treated  with  bi- 
chromate of  potassa,  mag- 
nified 300  diam. 
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sections  by  the  chloride  of  gold  and  potassium.  For  this  purpose  (hard- 
ening) a  solution  (1  to  2  per  cent.)  of  bichromate  of  ammonia  is  preferable 
to  ail  other  chromic  preparations.  Small  fragments  of  perfectly  fresh 
Children's  cords,  immersed  in  such  a  solution  and  kept  in  it  in  a  cool 
place  for  fifteen  or  twenty  days,  attain  a  degree  of  consistency  sufficient  for 
cutting.  The  network  of  nerve  fibres  appears  so  much  the  more  finely  that 
tlie  time  necessary  to  hardening  has  been  shorter.  For  the  making  of  the 
thinnest  possible  cuts,  which  need  not  be  entire  transverse  sections,  1  make 
use  of  Welker's  microtome,  as  improved  by  me.*  The  sections  are  placed 
in  a  solution  of  1  part  chloride  of  gold  and  potassium  and  10,000  parts  of 
water  very  slightly  acidulated  with  hydrochloric  acid,  and  left  in  it  ten  or 
twelve  hours,  until  stained  of  a  pale  lilac  color.  The  sections  are  next 
washed  in  a  solution  consisting  of  1  pai't  hydrochloric  acid  to  2,000  or  3,000 
parts  of  water,  placed  for  10  minutes  in  a  mixture  of  1,000  parts  alcohol 
(60  per  cent.)  and  1  part  hydrochloric  acid,  then  transfeiTed  for  a  few  min- 
utes to  absolute  alcohol,  after  which  they  are  to  be  rendered  transparent  by 
oil  of  cloves  and  mounted  in  Canada  balsam.  At  first  the  network  of 
fibres  is  not  very  distinct,  but  in  the  course  of  three  or  four  hours  it  ac- 
quires great  sharpness.  Ultimately,  if  the  gold  solution  has  been  too  strong, 
or  if  the  sections  have  lain  too  long  in  it,  the  fibres  become  almost  blacky 
which  impairs  the  distinctness  of  the  structure. 

The  second  method  (which  has  this  advantage  over  the  first,  that  by  it  we 
succeed  in  demonstrating  the  relation  of  the  fibre  network  to  the  cells) 
consists  in  a  peculiar  use  of  ammoniacal  carmine.  As  it  is  necessary  to 
make  use  only  of  entirely  fresh,  warm  spinal  cords,  we  employ,  by  prefer- 
ence, those  of  the  Ox  or  Calf.  From  these,  with  a  rsusor,  thin  longitudinal 
sections  are  cut,f  involving  the  anterior  horns,  and  these  sections  are  at  once 
placed  in  an  exceedingly  weak  solution  of  bichromate  of  ammonia  (1  part  to 
5,000  or  10,000  of  water),  in  which  they  are  allowed  to  remain,  in  a  cool  tem- 
perature, for  two  or  three  days.  They  are  then  transferred  to  a  very  dilute 
solution  of  ammoniacal  carmine,  and  in  the  course  of  24  hours  they  assume 
the  coloration  necessary  to  further  preparation.  After  washing  with  dis- 
tilled water,  the  thinnest,  and  consequently  best  stained  parts  are  teased 
apart  with  needles,  under  a  low  magnifying  power,  by  which  process  the 
n^rve  cells,  appearing  as  dark  red  points,  are  easily  separated  from  the 
adherent  portions  of  nervous  matter.  The  pi-eparation  is  then  either 
mounted  in  glycerine,  or,  better  still,  the  water  being  allowed  to  evaporate, 
the  dried  object,  after  the  addition  of  one  drop  of  oil  of  cloves,  is  embedded 
in  Canada  balsam. 

Both  these  methods  are  of  the  highest  importance  for  the  study  of  the 
gray  matter  of  the  spinal  cord,  because  by  their  use  it  ia  possible  to  distin- 
guish the  fibres  of  the  neuroglia — which,  though  of  similar  dimensions,  are 
stained  neither  by  chloride  of  gold  and  potassium  nor  by  ammoniacal  car- 
mine— from  the  ti-ue  nerve  fibres.  From  the  network  of  nerve  fibres  there 
are  developed  thick  fibres,  which  unite  with  still  thicker  fibres,  and,  travers- 
ing the  gray  matter,  take  their  course  through  the  white  substance  of  the 
columns  (figs.  249,  243,  244),  or  which  conjoin  with  the  medium-sized  fibres 
of  the  posterior  horns. 

The  nerve  cells  of  the  spinal  cord  are  multipolar  cellular  bodies,  without 

*  J.  Gerlach,  **Zar  Anatomie  des  menschliohen  Rackenmarks/'  Med,  CentrcU. 
Jahi^.  1867.     No.  24. 

t  The  fresher  the  spinal  cord  the  more  easily  are  thin  sections  made,  because  the 
consistence  of  the  ooid  diminishes  rapidly  after  death. 
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Fig.  346. 


Pig.  246.  A  branching  nerve  fibre  whose  two  branches  are  connected  with  the  fibre 
network  which  is  in  relation  with  two  nerve  cells.  Animoniacal  carmine  preparation 
from  the  cord  of  the  Ox,  magnified  150  diam. 
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cell  membranes;  each  cell  is  possessed  of  a  large  homogeneous  nucleus, 
which  itself  encloses  a  nucleus,  exceptional]  j  provided  with  two  vacuoles. 
Very  commonly  the  cells  contain  pigment-  masses,  composed  of  a  large  or 
small  number  of  granules,  and  which  are  not  unfrequently  met  with  in  the 
cell  processes.  These  cells  vary  extraordinarily  in  shape  and  size,  and  be- 
low .12  mm.  all  intermediate  dimensions  are  met  with.  The  lai-gest  cells 
are  found  in  the  anterior  horns,  the  smallest  in  the  posterior,  and  those  of 
medium  diameter  in  that  mass  of  cells  which  is  restricted  to  the  dorsal 
region  of  the  spinal  cord,  lying  to  the  side  and  a  little  back  of  the  central 
canal,  the  columns  of  Clarke.  While  we  possess  in  anunoniacal  carmine 
and  in  chloride  of  gold  and  potassium  two  exquisite  reagents,  which  enable 
us  to  distinguish  the  fibres  of  the  neuroglia  from  true  nerve  fibres,  we  as  yet 
lack  the  means  of  making  an  accurate  diagnosis  between  nerve  cells  and  the 
cellular  elements  of  connective  tissue ;  they  are  both  stained  alike  by  am- 
moniacal  carmine,  and  chloride  of  gold  and  potassium  have  no  action  upon 
either.  There  is  certainly  no  mistake  possible  as  regards  the  large  and  the 
medium-sized  cells,  but  even  an  expert  observer  may  find  it  difficult  to  distin- 
guish the  smallest  nerve  cell  from  certain  cellular  elements  of  the  neuroglia. 
Very  recently  two  important  advances  have  been  made  in  the  morphology 
of  the  nerve  cells  of  the  spinal  cord.  One  of  these  is  Deiters'  *  discovery 
of  the  differences,  in  the  processes  of  these  cells ;  and  the  other,  Max 
Schultze's  f  observations  on  the  fibrillary  appearance  of  the  cell  bodies  and 
cell  processes:  For  details  concerning  the  latter,  I  can  do  no  better  thtui  refer 
to  p.  135  of  this  work ;  but  Deiters'  discovery  demands  a  closer  discussion, 
as  it  is  of  the  greatest  importance  in  connection  with  the  origin  of  nerves  in 
the  spinal  cord. 

Deiters  first  noted  the  remarkable  fact,  that  among  the  numerous  processes 
which  proceed  from  a  cell,  one  always  keeps  on  its  course  without  division, 
whereas  the  othera  undergo  frequent  subdivision.  This  single  process,^ 
which  either  proceeds  directly  from  the  body  of  the  cell,  or  springs  from 
one  of  its  first  thick  processes,  is  at  its  origin  very  slender,  but  gradually 
becomes  thicker  (figs.  247  and  248)  ;  this  being  the  i*eason  why  the  fibre  breaks 
off  with  extraordinary  facility  near  its  junction  with  the  cell  during  the  mak- 
ing of  the  preparation ;  doubtless,  the  reason  why  attention  was  not  di'awn 
to  it  before.  In  chromic  acid  preparations  the  single  process  appears  more 
homogeneous,  while  the  branching  processes  present  a  fine  granular  appear- 
ance, but  this  difference  between  the  two  kinds  of  processes  has  lost  its 
value  since  M.  Schultze  has  demonstrated  that  in  the  fresh  state  both  the 
single  and  the  branching  processes  possess  a  fibrillated  structure.  At  a 
varying  distance  from  the  nerve  cell  the  single  process  appears  suiTOunded 
by  myeline,  and  so  becomes  a  true  central  nerve  fibre,  having  myeline  and 
an  axis  cylinder,  the  latter  being  the  undivided  cell  process  itself.  What 
becomes  of  this  fibre  evidently  derived  from  a  nei've  cell,  whether  it  as- 
cends to  the  brain  in  the  white  colimuis,  or  whether  it  goes  to  form  a  pai;t  of 
the  roots  of  spinal  nerves,  is  not  as  yet  clearly  ascei'tained.  Deiters  assumed 
the  latter  view  and  called  the  fibre,  "  nerve  process,"  while  the  branching 
prolongation  he  called  by  the  perhaps  even  less  happy  name  of  "  protoplas- 
ma  processes,"  designations  which  we  will  retain,  because  they  have  become 
established. 

*  Deiters,  loco  dt.  S.  53. 

t  M.  Sdiidtze.  Obaermtiones  de  struetura  cdlvkmimJUn'arumquenerveorttm,  Bonn, 
18<>8. 

t  I  take  the  liberty  of  nBing  the  term  single  process,  instead  of  the  more  correct 
one,  tu?n-branc7iing  process. — Translator. 
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There  are  now  three  questions  which  present  themselves  to  the  unbiassed 
observer  relative  to  these  processes,  1st.  What  direction  does  the  nerve 
process  take,  and  what  does  it  ultimately  become  ?  2.  What  becomes  of  the 
protoplasma  processes  ?  3.  Do  all  nerve  cells  in  the  spinal  cord  possess 
nerve  processes,  or  are  there  some  which  send  out  only  protoplasma  pro- 
cesses ? 

Fig.  247. 


Fig.  247.  A  nerve  cell  from  the  anterior  horn  of  the  Human  spinal  cord,  a,  nerve- 
prooess  ;  6,  pigment  grannies.     Magnified  150  diam. 

As  regards  the  first  question,  it  was  a  decidedly  fortunate  idea  of  Deiters 
to*  connect  the  nerve  process  of  cells  with  the  origin  of  spinal  nerves.  Even 
if  the  relation  be  not  as  simple  as  Deiters  thought,  he  holding  that  the 
fibres  of  the  anterior  roots  sprang  from  the  cells  of  the  anterior  horns,  and 
the  fibres  of  the  posterior  roots  from  the  cells  of  the  posterior  horns,  still  it 
may  be  said  with  approximate  certainty  that  Deiters  hit  upon  the  truth  as 
regards  the  origin  of  the  anterior  roots.  It  is  true  that  with  our  present 
means  of  investigation  we  cannot  follow  a  nerve  fibre  belonging  to  an  anterior 
root  directly  to  a  nerve-cell ;  yet  transverse  sections  of  the  spinal  cord  treated 
with  chloride  of  gold  and  potassium,  and  longitudinal  cuts  treated  with  ammo- 
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Diacal  carmine,  now  and  then  yield  preparations  which  hardly  allow  of  any 
other  interpretation  than  that  given  by  Deiters.  Upon  the  fonner  the  bun- 
dles of  fibres  constituting  the  anterior  roots  may  be  seen  entering  the  gray 
matter  and  taking  their  couiiie  in  the  direction  of  the  cell  groups  of  the  an- 
terior horns,  near  which  they  execute  a  curvilinear  decussation.  Fibres 
belonging  to  the  anterior  roots  may  be  traced  btill  further  in  the  cell  group ; 
but  their  relation  with  the  nerve  cells  escapes  accurate  observation,  becaiise 
chloride  of  gold  and  potassium  has  no  effect  upon  nerve  cells,  and  in  such  pre- 
parations as  show  the  course  of  fibres  in  the  most  beautiful  way  by  means  of 
this  reagent  the  cells  are  hardly  to  be  seen  at  all.  On  the  other  hand,  upon 
longitiidinal  sections  of  the  Calf's  spinal  cord  moderately  hardened  in  bichro- 
mate of  ammonia,  thoroughly  stained  (in  ammoniacal  carmine)  and  well 
washed,  it  is  possible,  by  means  of  gentle  pressure,  to  observe  nerve  processes 
proceeding  dii'ectly  from  certain  cells,  and  to  follow  them  for  a  part  of  their 
course.  The  direction  taken  by  these  nerve  processes  is  always  hoidzontally 
forward;  while  the  many  branched  protoplasma  processes  run  out  in  various 
directions.  Even  if  I  have  been  unable  to  follow  one  of  these  nerve  pro- 
cesses into  the  anterior  roots,  their  course  in  bundles  toward  the  point  of 
entrance  of  these  roots,  taken  together  with  the  fact  that  in  the  cervical  and 
lumbar  enlargements  the  increase  in  the  root  fibres  co-exists  with  an  increase 
in  the  number  of  cells,  leads  me  to  the  belief  that  the  nerve  processes  of  cells 
must  be  considered  as  the  beginning  of  the  nerve  fibres  making  up  the  ante- 
rior roots. 

Much  more  difficult  of  investigation,  and  therefore  much  more  obscure, 
are  the  conditions  of  origin  of  the  posteribr  groups.  In  the  posterior  horns 
•  there  are  no  more  or  less  cii-cumscribed  cell  groups,  but  the  cells  are  scattered 
in  among  the  nerve  fibres,  and  are  considerably  smaller  than  those  of  the 
anterior  horns ;  and  besides,  as  already  stated,  we  possess  no  means  of  dis- 
tinguishing the  smallest  of  tliese  cells  from  the  cellular  elements  of  the  neu- 
roglia. It  is  true  that  Deiters  has  described  nerve  processes  in  cells  appa- 
rently belonging  to  the  posterior  horns,  but  he  has  given  no  information 
concerning  the  course  of  these  processes*  I  have  also  observed  small  cells 
provided  with  nerve  processes  lying  behind  the  cell  groups  of  the  anterior 
horns,  in  that  intermediate  zone  of  gray  matter  which  belongs  neither  to  the 
anterior  nor  to  the  posterior  horns ;  but  I  have  seen,  in  longitudinal  sections 
treated  with  ammoniacal  carmine,  that  the  nerve  processes  of  these  cells 
invariably  proceed  horizontally  forward.  Consequently  these  small  cells,  as 
well  as  the  larger  ones  of  Ihe  anterior  horns,  must  be  looked  upon  as  sources 
of  origin  of  the  anterior  root  fibres.  It  is,  moreover,  to  be  borne  in  mind, 
that  the  number  of  genuine  nerve  cells  in  the  posterior  horns  is  smaller  than 
that  in  the  anterior,  whereas  the  anatomical  fact  has  long  been  known  that 
the  posterior  roots  are  thicker  than  the  anterior,  and  that  they  are  made  up 
of  much  more  slender  fibres.  Consequently  the  number  of  nerve  fibres 
which  pass  out  of  tjie  spinal  cord  by  way  of  the  posterior  roots  is  much  larger 
than  that  of  those  which  proceed  with  the  anterior  roots,  and  it  appears 
very  unlikely  that  the  posterior  nerve  roots  should  have  an  origin  similar 
^  that  of  the  anterior.  On  the  contrary,  that  rich  fasciculation  of  nerve 
fibres,  which  is  met  with  in  that  part  of  the  posterior  horns  which  lies  imme- 
diately in  front  of  the  substantia  gdatinosa,  seems  to  indicate  that  the  pos- 
terior root  fibres  are  not  directly  connected  with  nerve  cells,  but  that  they 
first  enter  into  this  network  of  nerve  fibres  in  the  gray  matter,  and  that  it  is 
through  them  that  the  connection  between  the  fibres  of  the  posterior  roots 
and  nerve  cells  is  established.  If  this  view  be  correct  (and  in  gold  prepa- 
rations appearances  are  often  seen  which  seem  to  support  it),  a  radical  mor- 
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phological  difference  between  the  two  physiologically  different  sets  of  nerve 
roots  will  have  been  discovered. 

In  answer  to  the  second  of  the  questions  above  stated,  viz.,  that  concerning 
the  ultimate  destiny  of  the  protoplasma  processes,  we  have  an  observation  of 

Deiters,  who  sometimes   saw  the  finest  of 
Fig.  248.  these  branches  assume  a  dark-edged  double 

^  contour,  and  in  a  few  instances  noted  their 

\  further  subdivision.     Starting  from  these 

■  observations,  Deiters   considers  these  last 

I  ^L  branches  of  the  protoplasma  processes  as 

V      ^/^^^^^        none  other  than  the  axis  cylinders  of  the 
^         \^^^^r^  ^      finest  nerve  fibres,  and  looks  upon  these  as 
>\^J^^^^r^    ^^F^       *  system  of  nervous  links  uniting  the  gan- 
,^^^g^^^^^^^^^F  glionic  cells  among  themselves.     Had  Dei- 

^^^^^HBH^V  ters  gone  a  step  fsirther  he  would  have  been 

1   ^T^^^fc  ^^^  ^  *^®  discovery  of  the  delicate  network 

\      *  ^^^^m  °^  nerve  fibres  in  the  gray  substance  ;  but  as 

1  \m     \  he  did  not  make  use  of  ammoniacal  carmine 

I  m         ^  ^^  *^®  making  of  his  dilacerated  prepara- 

l  ^  tions,  and  as  he  knew  nothing  of  the  gold 

1      /     '  method,  the  nerve  fibre  network  remained 

concealed  from  him.  I  can  not  only  cor- 
roborate Deiters'  observation,  but  must  go 
farther,  and  state  it  as  my  opinion  that  the 
finest  branches  of  the  protoplasma  processes 
subdivide  so  as  ultimately  to  constitute  that 
delicate  nerve  fibre  network  which  I  con- 
sider as  an  essential  constituent  of  the  gray 
matter  (see  fig.  240).  The  divisions  of  the 
protoplasma  processes  surrounded  by  a  dark- 
edged  double  contour  seeh  by  Deiters,  are 
nothing  but  the  beginning  of  the  fibres  of 
this  network.  Accordingly  the  cells  of  the 
gray  substance  provided  with  nerve  and 
protoplasma  processes  are  united  in  two 
ways  with  the  fibrillated  nervous  elements 
of  the  spinal  cord ;  first,  by  means  of  the 
nerve  processes  which  become  the  axis 
cylinders  of  anterior  root  nerves,  and,  se- 
condly, by  means  of  the  finest  branches  of 
the  protoplasma  processes  which  go  to  form 
the  nerve  fibre  network  of  the  gray  sub- 
stance. 

The  third  question,  that  concerning  the 
invariable  presence  of  nerve  processes  on 
the  ganglion  cells  of  the  gray  matter,  is  an 
exceedingly  difficult  one  to  answer,  because 
the  nerve  process  is  only  exceptionally  vis- 
ible in  sections ;  and  there  is  this  objection 
to  dilacenited  preparations,  that  the  slender 
portion  which  unites  the  nerve  process  with 
the  cell  may  have  been  broken  off  in  the 
manipulation.  It  was  natural  that  Deiters  should  have  applied  his  impor- 
tant discovery  to  all  nerve  cells  in  the  spinal  cord ;  the  more  so  because  he 


Fig.  248.  Nerve  cells  from  a 
longitudinal  section  of  a  Calf  s 
spinal  cord  treated  with  ammo- 
niacal carmine,  a  a,  nerve  pro- 
cesses proceeding  horizontaUy  for- 
ward.    Magnified  150  diam. 
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had  observed  nerve  processes  on  small  as  well  as  on  large  ganglion  cells. 
Deiters  says  nothing  as  to  the  possible  existence  of  cells  devoid  of  nerve 
processes.  I  believe  that  I  can  partially  answer  the  question,  since  having, 
with  this  object  in  view,  made  a  special  study  of  a  particular  group  of  nerve 
cells,  composed  of  medium-sized  cells,  and  lying  near  the  middle  of  the  spinal 
cord,  about  equi-distant  from  the  points  of  entrance  of  the  anterior  and  pos- 
terior roots.  It  is  that  cell-group  which  has  already  been  described,  lim- 
ited to  the  dorsal  region  of  the  spinal  cord,  and  which  is  known  by  the 
name  of  darkens  column.  As  these  cell-groups  are  difficult  to  find  in  the 
fresh  spinal  cord,  I  made  use  of  poi*tions  of  that  organ  which  had  been 
hardened  in  a  solution  of  bichromate  of  ammonia ;  and  hardened  only  just 
enough  to  allow  the  cutting  of  transverse  sections.  These  sections  were 
stained  with  ammoniacal  carmine  and  then  soaked  in  glycerine,  in  which 
they  soon  attained  a  degree  of  softness  which  permitted  the  making  of  prepa- 
rations by  dilaceration  with  needles.  On  sections  prepared  in  this  manner, 
it  was  very  easy  with  a  low  power  to  see  nerve  processes,  isolated  for  con- 
siderable distances,  attached  to  the  large  nerve  cells  of  the  anterior  horns, 
and  also  to  the  small  ones  of  the  median  portions  of  the  gray  matter.  But 
it  never  happened  to  me  to  observe  a  nerve  process  upon  any  cell  belonging 
to  darkens  columns.  Inasmuch  as  I  possess  a  certain  expertness  in  observ- 
ing nerve  processes,  and  as  these  are  not  easily  overlooked  even  when  torn 
off,  I  believe  that  I  am  in  a  position  to  asseiii  with  tolerable  positiveness 
that  all  ganglion  cells  do  not  possess  nerve  processes.  Consequently  we 
must  recognize  in  the  spinal  cord  two  morphologically  different  kinds  of 
cells ;  one  which  is  in  direct  communication  with  the  fibres  of  the  anterior 
roots  and  with  the  nerve  fibre  network  of  the  gray  matter,  the  other  united 
only  with  the  latter. 

It  would  seem  very  reasonable  to  attribute  different  physiological  proper- 
ties to  nerve  cells  so  different  anatomically,  and  yet  I  am  perfectly  aware 
that  it  is  a  very  uncertain  and  hazardous  matter  to  draw  physiological  con- 
clusions from  purely  morphological  data.  Nor  do  the  attempts  of  this  sort 
already  made  on  the  spinal  cord  invite  imitation.  Jacubowitzsch,*  as  is 
well  known,  transferred  Bell's  law,  which  had  been  applied  with  more  or 
less  success  to  the  colunms  of  the  cord,  to  the  gray  matter,  calling  the  large 
cells  of  the  anterior  horns  motor,  the  small  cells  of  the  posterior  horns  sen- 
sitive elements.  And  yet  even  half  educated  physicians  are  aware  that  in 
the  portion  of  the  spinal  cord  which  constitutes  the  medulla  oblongata, 
neither  the  conditions  of  willed  motion  nor  those  of  sensibility  are  known, 
lliere  may  exist  anatomical  elements  in  the  spinal  cord,  which  neither  pro- 
duce the  impulse  of  motion  nor  through  wliich  sensation  is  perceived.  Of  the 
various  forms  of  cerebral  activity  appertaining  to  the  cerebro-spinal  axis,  there 
are  only  two  existing  in  the  spinal  cord,  viz.,  the  reflecto-motor  and  the  au- 
tomatic. The  temptation  is  consequently  great  to  connect  these  two  varieties 
of  central  activity  with  the  two  different  sorts  of  cells  in  the  spinal  cord,  and 
to  consider  as  reflecto-motor  the  nervous  cells  possessing  nerve-processes,  as 
automatic  those  exhibiting  only  pro  topi  asma-processes.  This  hypothesis  is 
further  supported  by  the  fact,  now  rendei*ed  more  than  probable,  that  the  for- 
mer of  these  cells  are  in  direct  union  with  the  muscles,  by  means  of  the  nerve 
processes  through  the  anterior  roots ;  and  by  the  observations  of  Max 
Schultze,  according  to  whopi  the  fibrillae  constituting  the  nerve  processes 
as  well  as  the  protoplasma  processes  of  nerve-cells,  do  not  originate  in  them, 
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but  traverse  them,  a  view  which  in  a  certain  degree  renders  intelligible,  in 
a  morphological  way,  at  least,  the  absolute  non-occurrence  of  transfer  of 
iiTitation  from  one  nerve  fibre  to  another. 

Having  now  learned  to  recognize  the  anatomical  elements  as  constituting 
the  gray  matter,  we  are  now  prepared  to  undertake  a  closer  study  of  its 
several  parts. 

The  median  portion  of  the  gray  matter,  the  so-called  gray  commissure, 
is  made  up  of  several  histologically  different  portions.  Not  exactly  in  the 
middle,  but  a  little  forward  of  it,  is  the  central  canal  (fig.  249,  c),  lined  by 
cylindrical  epithelium,  the  substratum  of  which  is  composed  of  connective 
tissue,  quite  devoid  of  nerve  fibres  (fig.  249,  e).  In  front  of  this,  immedi- 
ately behind  the  white  commissure  (fig.  249,  i),  the  commissural  fibres  (fig. 
.249,  h)  belonging  to  the  posterior  commissure  appear  running  from  right 
to  left,  while  just  behind  the  central  canal  expands  a  delicate  nerve  fibre 
network  (fig.  249,  y^),  behind  which  appears  the  posterior  commissure  (fig. 
249,  g),  which  in  the  median  line  lies  against  the  posterior  longitudinal 

fissure,  and  laterally  against  the  i>os- 


Fig.  249. 


Fig.  249.  Central  portion  of  a  trans- 
verse section  of  the  lower  cervical  region 
of  a  six  months  Child^s  spinal  cord,  treat- 
ed with  chloride  of  gold  and  potassium. 
Magnified  50  diam,  aa,  anterior  columns  ; 
bb,  posterior  columns ;  e^  central  canal ; 
ff ,  line  representing  the  epithelium  of  the 
central  canal ;  e^  connective  tissue  lying 
immediately  round  about  the  central 
canal ;  /,  nerve  fibre  network  surround- 
ing the  central  canal ;  g,  posterior  trans- 
verse fibres  of  the  gray  commissure  ;  A, 
anterior  transverse  fibres  of  the  gfray 
commissure;  f.  decussation  of  the  an- 
terior white  comnuscure. 


terior  columns  (fig.  249,  b  b). 

The  central  canal  is  not  of  an  uni- 
form diameter  throughout  the  cord, 
presenting  in  transverse  section  an 
ovaloid  outline  in  the  cervical  region, 
a  rounded  one  in  the  doi-sal  region, 
while  in  the  lumbar  region  it  has  a 
more  or  less  cordiform  shape.  It 
begins  at  the  lower  end  of  the  foiu-th 
ventricle,  and  extends  in  Man,  as 
determined  by  Stilling,*  down  into 
the  comis  medullarU^  in  which  it  ap- 
proaches nearer  and  nearer  to  the 
posterior  longitudinal  fissure,  and 
finally  unites  with  it  This  canal  is 
tilled,  in  young  Adults  and  Children, 
with  the  cerebro-spinal  fluid  ;  but  in 
Adults  it  is  compressed,  and,  especial- 
ly in  the  cervical  region,  obliterated ; 
or,  more  properly  speaking,  choked 
up  with  the  product  of  epithelial  cell 
proliferation,  which  begins  to  show 
itself  soon  idPber  pubei-ty  ;  at  least  I 
once  found  e^ddence  of  it  in  the 
cord  of  a  Girl  eighteen  yeara  of  age. 
The  innermost  layer  of  the  central 
canal  is  a  tissue  composed  of  cylin- 
drical epithelial  cells  (fig.  250,  6), 
which  in  Children  exhibit  vibratile 
cilia,  which  are  lost  in  later  years. 
In  chromic  preparations  delicate 
thread-like  processes  may  be  seen, 
leaving  the  sharp  extremities  of  the 
cells,  and  extending  into  the  connec- 
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tive  tissue.  The  space  between  these  appendages  is  filled  up  with  a  very 
finely  granular  substance  (fig.  250,  </),  which  I  take  to  be  connective  tissue 
devoid  of  elastic  fibre  network.  In  this  substance,  between  the  tapering 
ends  of  the  epithelial  cells  there  are  a  few  nuclei  surrounded  by  a  small 
amount  of  protoplasma  {^g.  250,  c),  which  become  more  numerous  with 
advancing  age,  and  can  serve  no  other  purpose  than  to  contribute  to  the 
development  of  new  epithelial  cells.  Under  this  finely  gi-anular  substance 
lies  a  network  of  fine  fibres  with  exceedingly  narrow  meshes,  in  the  midst 
of  which  cellular  elements  appear  here  and  there  (fig.  250,  a),  I  look 
upon  this  structure  as  a  form  of  connective  tissue,  which  in  this  situation 
differs  from  that  which  is  so  abimdantly  re- 
presented in  the  gray  matter  as  neuroglia  only 
in  this,  that  the  fibres  constituting  the  net- 
work, which  have  already  been  minutely  de- 
scribed, and  which  are  to  be  considered  as 
elastic  fibres,  are  much  more  numerous.  Tliis 
peculiarly  constituted  neuroglia,  the  so-called 
ependyma  of  the  central  canal,  is  bounded  on 
either  side  and  behind  by  a  network  of  fine 
nerve  fibres,  which  often  appears  with  extra- 
ordinary beauty  in  gold  preparations,  and  in 
which  a  few  small  cells  are  here  and  there  em- 
bedded. The  meshes  of  this  nervous  network 
are  wider  than  those  of  other  portions  of  the 
gray  matter,  which  fact  indicates  a  greater 
abundance  of  connective  tissue  in  this  region. 
Behind  this  nerve  fibre  network,  as  well  as  im- 
mediately in  front  of  the  ependyma  of  the 
central  canal,  there  pass  over  hoiizontally  in 
the  median  plane  bundles  of  delicate  nerve 
fibres,  which  unite  both  halves  of  the  spinal 
cord,  and  which  are  denominated  the  anterior 
and  posterior  commissural  fibres  of  the  gray 
substance.  The  posterior,  which  are  in  imme- 
diate contact  with  the  connective  tissue  of  the 

posterior  septum  of  the  pia  mater,  are  more  nimiei*ous  than  the  anterior ; 
both  may,  however,  be  seen  with  the  greatest  distinctness  in  gold  prepara- 
tions. The  results  of  experimental  physiology  (Brown-S6quard)  render  it 
probable  that  these  delicate  horizonally  disposed  fibres  of  the  posterior  gray 
commissure  are  connected  with  sensitive  brain-tracts,  while  the  larger  decus- 
sating fibres  of  the  anterior  white  commissure  ascend  to  such  regions  in  the 
brain  as  give  impulse  to  willed  movements. 

Both  halves  of  the  gray  matter  of  the  spinal  cord  exhibit  the  well-known 
anterior  and  posterior  horns,  which  are  not,  however,  separated  by  any  dis- 
tinct limit.  Description  becomes  easier  if  we  admit  the  existence  of  an  in- 
termediate region  lying  behind  the  anterior  and  in  front  of  the  posterior 
horns.  The  anterior  horns  are  distinguished  by  the  presence  of  groups  of 
large  nerve  cells,  three  of  which  may  be  distinctly  recognized  in  the  cervical 
and  lumbar  portions  of  the  cord.  The  largest  of  these  cell-groups,  that 
which  extends  farthest  backward,  is  the  lateral  (fig.  240,  n),  the  smallest  the 
internal  (fig.  240,  p),  and  a  little  larger  than  this  the  anterior  (fig.  240,  o), 
which  lies  externally  in  front  of  the  lateral.  In  the  anterior  horns  of  the 
dorsal  region,  in  which  the  number  of  nerve  cells  is  notably  smaller,,  these 
groups  are  more  or  less  completely  blended.  Besides,  there  are  other  nerv^e 
*     41 


Fig.  250.  Wall  of  the  Hu- 
man central  canal.  Magnified 
800  diam.  a,  fibriUated  con- 
nective  tissue,  with  a  cellular 
element ;  b^  ciliated  cylindri- 
cal epithelial  cells  with  thread- 
like appendages;  c^  ciliated 
cells  in  way  of  development ; 
d,  finely  g^ranular  substances 
between  the  thread-like  pro- 
\  of  the  ciliated  cells. 
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cells  of  various  size  which  do  not  belong  to  definite  groups.  The  anterior 
horns  are,  moreover,  traversed  by  nerve  fibres,  singly  or  in  bundles,  some  of 
which  form  part  of  the  anterior  roots  uniting  with  the  nerve  processes  of  the 
cells ;  others,  originating  from  the  nerve  fibre  network,  which  enter  into  the 
anterior  column  of  the  opposite  side,  as  well  as  in  the  lateral  column  of  the 
same  side.  The  nerve  fibre  network  is  closely  embedded  in  connective  tissue, 
with  the  exception  of  that  portion  lying  in  the  immediate  vicinage  of  nerve 
cells,  which,  both  in  gold  and  carmine  preparations  deprived  of  water  and 
mounted  in  Canada  balsam,  always  presents  a  moderately  wide  transparent 
space,  which  may  possibly  represent  unstained,  and  consequently  invisible 
connective  tissue. 

Fig.  251. 


Fig.  251.  Intermediate  portion  of  a  transverse  section  of  a  Ghild^s  spinal  cord  in 
the  dorsal  region ;  gold  preparation.  Magnified  50  diam.  a,  lateral  column  ;  b^  pos- 
terior column ;  c,  half  of  the  central  canal ;  rf,  cross-sections  of  blood-vessels ;  «, 
Clarke^s  column ;  /,  fibres  running  backward  from  Clarke's  column ;  g^  point  of  in- 
tersection of  outwardly  proceeding  fasciculus  ;  h,  lateral  group  of  lajge  and  small 
nerve  cells. 

The  intermediate  jjortion  of  both  halves  of  the  spinal  cord  presents  a 
noteworthy  cell-group  only  in  the  dorsal  region.  It  is  that  which  we  have 
so  often  mentioned  under  the  name  of  Clarke's  column,  which  lies  a  little  to 
one  side  of  and  behind  the  posterior  gray  commissure.  These  columns  at- 
tain their  greatest  development  in  the  middle  of  the  dorsal  portion  of  the 
cord  ;  that  is  to  say,  they  there  contain  the  greatest  number  of  medium-sized 
cells.  Toward  the  cervical  and  lumbar  regions  these  cells  become  fewer 
and  fewer,  until,  at  the  beginning  of  the  cervical  and  lumbar  enlargements, 
they  have  wholly  disappeared.  By  means  of  gold  preparations  I  have  suc- 
ceeded in  discovering  sharply-marked  bundles  of  nerve  fibres  in  close  relation 
to  this  cell-group.-  Two  bundles  of  fibres  start  together  from  the  anterior  limit 
of  the  ^roup,  one  of  which  turning  upon  itself  proceeds  backward  (fig.  25 1  y), 
while  the  other  extends  outward  to  the  lateral  coliunn,  crossing  on  its  way 
thither  still  another  bundle  of  fibres,  which  leaves  Clarke's  column  and  like- 
wise ranges  outward  (fig.  251  g).  If  we  do  not,  at  every  level  in  Clarke's 
column,  find  precisely  the  same  arrangement  of  these  fasciculi,  yet  throughout 
their  whole  extent  the  fasciculi  which  proceed  backward  and  outward  are 
invariably  present.  As  regards  the  ultimate  destination  of  these  fasciculi,  I 
have  as  yet  made  no  conclusive  observations :  perhaps  that  which  proceeds 
backward  ultimately  joins  the  posterior  nerve  roots.  The  remainder  of  the 
intermediate  region  histologically  resembles  those  parts  of  the  anterior 
horns  wliich  are  without  cell-groups,  except  that  in  the  inner  and  posterior 
portions  ascending  nerve  fibres  appear  extending  as  far  as  the  gray  com- 
missure, where  they  traverse  the  lateral  part  of  the  posterior  transverse  fibres. 
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Externally,  more  especially  in  the  cervical  portion  of  the'  cord,  the  limit 
between  the  white  and  gray  substance  is  not  as  sharply  drawn  as  elsewhere, 
for  the  reason  that  the  gray  substance  is  traversed  at  various  depths  by 
separate  bundles  of  fibres  derived  from  the  lateral  columns ;  giving  rise  to 
the  so-called  reticulated  formation. 

The  posterior  horns  are  naturally  divisible  into  two  sharply-defined  por- 
tions, an  anterior  (fig.  244  c),  and  a  posterior ;  which  last,  owing  to  the 
peculiar  translucent  appearance  it  presents  to  the  unaided  eye,  has  long  been 
known  by  the  name  of  gelatinous  substance  of  Rolando  (fig.  244  c?).  This 
is  the  part  of  the  gray  substance  which  is  poorest  in  nervous  elements,  and 
it  is  distinguished  from  other  parts  of  this  substance  by  its  not  possessing  the 
delicate  nerve  fibre  network.  It  is,  however,  very  rich  in  connective  tissue 
which  presents  certain  peculiarities.  Of  the  three  forms  under  which  con- 
nective tissue  appears,  viz.,  (1)  a  finely  granular  fundamental  substance; 
(2)  cellular  elements,  and  (3)  delicate  fibrillae,  which  I  consider  akin  to 
elastic  fibres ;  the  last  are  very  scanty,  whereas  the  cellular  elements  under 
the  form  of  nuclei,  surrounded  by  a  minute  portion  of  protoplasma,  appear 
in  great  numbers.  This  is  the  reason  why  in  successful  carmine  prepara- 
tions the  gelatinous  substance  next  to  the  epithelium  of  the  central  canal 
exhibits  the  most  intense  color.  The  nervous  elements  of  the  gelatinous 
substance  are  limited  to  small  honzoutal  bundles  of  nerve  fibres,  derived 
partly  from  the  posterior  roots  and  partly  from  the  posterior  columns ;  these, 


Fig.  252.  Antero-posterior  section  through  the  lumbar  region  of  the  Human  spinal 
cord  treated  with  chloride  of  gold  and  potassium.  Magnified  30  diam.  a,  anterior 
columns ;  b^  anterior  nerve  roots  piercing  the  anterior  colomna  obliquely  ;  c^  anterior 
horn ;  d^  posterior  horn,  with  the  vertically  ascending  bundles  of  nerve  fibres  lying 
in  front  of  the  substantia  gelatinosa ;  e^  gelatinous  substance  pieroed  by  horizontal 
bundles  of  nerve  fibres ;  /,  posterior  column ;  g^  posterior  nerve  roots  cut  across  iU 
their  course  to  one  side. 

however,  only  traverse  this  substance,  the  middle  bundle  in  a  pretty  nearly 
straight  line,  the  external  in  a  curve,  in  order  to  reach  the  anterior  portion 
of  tiie  posterior  horns,  that  which  contains  a  nerve  fibre  network  (fig,  244  d). 
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Lastly,  as  regards  the  shape  presented  by  the  gelatinous  substance  in  trans- 
verse sections,  it  exhibits  an  elongated  oval  outline  in  the  cervical  and  dor- 
sal regions,  and  appears  more  circular  in  the  lumbar.  The  inner,  and  to  a 
certain  extent  the  posterior  edges  of  the  gelatinous  substance,  border  on  the 
posterior  columns  and  the  posterior  nerve  roots ;  externally  and  in  part 
posteriorly,  it  is  surrounded  by  a  clear  border  of  gray  substance  of  the  pos- 
terior horn,  made  up  of  a  nerve  fibre  network  in  which  there  occur,  here  and 
there,  large  nerve  cells ;  and  immediately  anterior  to  which  are  to  be  seen 
bundles  of  nerve  fibres  traversing  the  gray  substance  vertically  (fig.  244  A, 
fig.  252  d). 

The  anterior  division  of  the  posterior  horn  is  exceedingly  rich  in  nerve- 
fibres,  horizontally  and  vertically  disposed ;  the  former  being  here  charac- 
terized by  their  frequent  subdivision,  and  may  be  traced  with  tolerable 
facility  as  far  as  on  a  level  with  the  central  canal.  The  vertical  fibres 
mostly  ascend  in  a  large  bundle,  above  referred  to,  placed  in  front  of  the 
gelatinous  substance  (fig.  244  h).  This  fasciculus  of  vertical  fibres  is  con- 
nected with  the  posterior  columns,  and  in  part  with  the  posterior  nerve 
roots  by  means  of  numerous  horizontal  and  oblique  nerve  fibres  which  run 
backward  through  the  gelatinous  substance.  In  very  successfiil  gold  prepa- 
rations, however,  fibres  proceeding  forward  may  be  seen,  which  either  leave 
this  vertical  bundle  or  join  it.  Besides  these  vertical  fibres  united  in  a 
bundle,  others  having  a  like  direction  appear,  which,  lying  a  little  more  in- 
ward and  forward,  encroach  to  a  certain  extent  upon  the  intermediate  part 
of  the  gray  matter.  The  nerve  cells  of  the  posterior  horns  are  of  medium 
and  smallest  sizes,  and  are  not,  as  are  those  of  the  anterior  horns,  united  in 
groups,  but'  lie  scattered  in  that  poi*tion  of  the  posterior  horns  which  iB 
made  up  of  fine  nerve  fibre  network,  similar  to  that  present  in  the  anterior 
horns. 

Course  op  Fibres  in  the  Spinal  Cord. 

We  are  hardly  prepared,  with  the  means  and  methods  of  investigation 
at  present  at  our  command,  to  enter  into  a  detailed  description  of  the  course 
of  nerve  fibres  in  the  spinal  cord ;  a  description  which  would  be  a  sure 
foundation  for  a  physiology  of  that  organ.  However,  the  foregoing  obser- 
vations warrant  at  least  the  tracing  of  a  sketch,  which,  as  regards  the  di- 
rection pursued  by  the  fibres  which  enter  in  with  the  anterior  nerve  roots, 
will  have  a  pretty  sure  basis,  while,  contrarily,  as  regards  the  course  of 
fibres  which,  passing  through  the  posterior  root,  penetrate  the  cord,  it  will 
be  to  a  certain  extent  fragmentary  and  uncertain. 

After  their  entrance  into  the  cord,  the  fibres  of  the  anterior  roots  traverse 
the  white  substance  obliquely,  and  take  no  part  whatever  in  its  formation, 
but  proceed  directly  to  the  gray  substance,  where  they  enter  into  intimate 
union  with  the  nerve  cells  of  this  region  by  means  of  the  nerve-processes ; 
which  cells  are  consequently  to  be  looked  upon  as  the  source  of  origin  of 
the  anterior  root  nerves  in  the  spinal  cord.  The  protoplasma  processes  of 
these  cells  constitute  portions  of  the  delicate  nerve-fibre  network  of  the 
gray  substance,  out  of  which  broader  nerve  fibres  are  developed,  which, 
leaving  the  gray  substance  to  ascend  toward  the  brain  by  way  of  the  white 
substance,  proceed  in  two  directions.  As  a  consequence  of  the  continual 
entrance  of  new  nerve  fibi-es  into  the  white  substance,  the  latter  must  of 
necessity  increase  in  size  from  below  upward.  As  regards  the  course  of 
the  fibres  leaving  the  gray  substance  of  the  anterior  horns,  two  varieties 
are  to  be  distinguished :  an  internal  and  an  external.  The  internal  set  of 
fibres  immediately  enter  the  anterior  white  commissure,  in  which   they 
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decussate  with  similar  fibres  coining  from  the  other  side,  reaching  the  an- 
terior column  of  the  opposite  half  of  the  cord  and  ascending  therein.  The 
external  fibres  repair  to  the  lateral  column  of  the  same  side,  proceeding  up- 
ward in  them,  ultimately  decussating  in  the  medulla  oblongata. 

The  fibres  of  the  posterior  roots  proceed  in  a  horizontal  plane,  from  with- 
out toward  the  median  line  in  the  white  substance  of  the  cord,  subdividing 
into  two  bundles.  The  lateral  and  smallbr  one  preserves  its  horizontal 
course,  and,  dividing  into  smaller  and  smaller  fasciculi,  pierces  the  gelati- 
nous substance  in  the  manner  above  described,  on  its  way  to  form  a  part  of 
the  fasciculus  of  vei*tical  fibres  lying  immediately  in  front  of  the  gelatinous 
substance,  and  in  which  some  of  the  fibres  ascend,  others  descend.  These 
external  fibres  of  the  posterior  roots  do  not,  however,  remain  long  in  this 
vertical  fasciculus,  but  bend  forward  in  the  horizontal  plane,  reaching  that 
portion  of  the  posterior  horns  consisting  of  nerve  fibre  network. 

The  internal  larger  fasciculus  of  the  posterior  root  fibres  lies  against  that 
portion  of  the  posterior  columns  which  adjoins  the  gelatinous  substance  in- 
ternally and  posteriorly,  and,  bending  here,  takes  a  vertical  direction,  ascend- 
ing for  a  considerable  distance  in  the  posterior  columns,  and  probably  de- 
scending in  them  also.  These  fibres  once  again  undergo  a  change  of  direction 
by  which  they  resume  their  horizontal  course,  a  part  of  them  traversing  the 
inner  portion  of  the  gelatinous  substance,  another  entering  into  the  inner 
border  of  the  gray  substance  of  the  posterior  horn.  It  is  impossible  to  come 
to  any  positive  conclusion  relatively  to  the  further  course  of  the  fibres  of  the 
posterior  roots,  because  we  have  as  yet  no  means  of  distinguishing  these 
fibres  from  such  as  form  the  vertical  bundle  of  the  posterior  horn,  or  such  as, 
leaving  the  gray  substance,  ascend  to  the  brain  through  the  posterior  columns. 
The  numerous  divisions  which  the  fibres  constituting  the  posterior  roots 
undergo,  immediately  after  their  entrance  into  the  cord,  indicate  that  a  part 
of  them,  at  any  rate,  lose  themselves  in  the  nerve  fibre  network  of  the  gray 
substance  of  the  posterior  horn.  Besides,  there  are  numerous  fibres  which 
proceed  forward,  and  othei*s  which  take  an  undulating  course  inward.  The 
former  may  be  accepted  as  part  of  the  posterior  roots,  which  farther  forward 
enter  into  the  formation  of  nerve  fibre  network ;  the  latter  become  commissural 
fibres,  which  traverse  the  median  line  in  front  of  and  behind  the  central  canal. 
In  my  opinion  these  fibres,  forming  part  of  the  posterior  commissure,  are 
not  to  be  looked  upon  as  coming  directly  from  the  posterior  roots,  but  rather 
as  fibres  which  turn  back  in  order  to  ascend  toward  the  brain  by  way  either  of 
the  vertical  fibre  fasciculus  of  the  gray  substance,  or  of  the  posterior  columns. 
Should  this  view  prove  correct,  and  in  its  favor  we  have  the  occurrence  of 
analogous  dispositions  in  the  anterior  horns,  the  following  may  be  assumed 
with  regard  to  the  course  through  the  gray  substance  of  fibres  entering  in 
with  the  posterior  roots.  A  pwtian  of  the  nerves  of  the  posterior  roots^  ivn- 
mediatelf/  after  its  entromce  into  Outt  part  of  the  gray  substance  containing 
nerve-fihre  Thetworky  enters  into  the  formation  of  this  network  /  another  portion 
extends  in  a  bundle  still  further  forward^  and^  while  advancing^  separates 
into  more  and  more  frequent  subdivisions,  which  ultimately,  in  all  likelihood, 
merge  into  the  nerve-Jibre  network.  This  network,  in  which  la/rge  and  small 
nerve  cells  appear  embedded  as  knots  {J^notenpunkte),  is  continuous  untfi  the 
network  of  die  anterior  horns.  From  it  a/re  developed  nerve  fibres  which  cross 
the  median  line  in  front  of  and  behind  Hie  central  corneal,  tlien  indine  back- 
ward,  some  of  them  ascending  to  the  brain  in  the  vertical  fibre  fascicidus  of  the 
posterior  horns,  others  in  tlie  posterior  colwmns,  between  whim  latter  there  may 
exist  decussations  as  yet  und&inonstrable.  This  conception  necessitates  a 
total  decussation  in  the  cord  of  those  fibres  which  enter  it  through  the  pos- 
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terior  roots ;  although  as  regards  those  nerve  fibres  which,  developed  from 
the  nerve-fibre  network,  return  backward  without  crossing  the  median  line 
to  enter  the  posterior  columns,  purely  anatomical  means  will  not  allow  ua 
positively  to  decide  whether  their  decussation  is  partial  or  complete ;  although 
pathological  observations  as  well  as  the  experimental  results  of  that  moat 
competent  investigator  in  this  department,  Brown-S^uard,  indicate  a  com- 
plete crossing  over. 

In  bringing  this  article  to  a  close  I  may  be  allowed  to  give  prominence  to 
two  points. 

1st.  In  the  distribution  of  the  nerve  fibres  entering  in  through  the  pos- 
terior roots,  the  gray  substance  plays  a  much  more  important  part  than  in 
that  of  those  which  reach  the  spinal  coi'd  through  the  anterior  roots. 

2d.  The  difference,  which  is  to  be  considered  as  a  morphological  one,  be- 
tween the  fibres  of  the  anterior  and  those  of  the  posterior  roots,  consists  in 
this ;  that  the  former,  by  means  of  the  nerve  processes,  arise  directly  from 
nerve  cells,  whereas  the  latter  are  united  with  nerve  cells  only  indirectly,  by 
means  of  the  protoplasma  processes,  through  the  nerve-fibre  network. 

Tbanslatob's   Note  on  the   Mode  of   Preparation  op  the  Nervous 
Centres  for  Microscopical  Examination. 

During  the  past  three  years  I  have  given  as  much  time  as  I  could  spare 
from  the  duties  of  private  practice  and  from  those  connected  with  dispensa- 
ries, etc.  to  the  investigation  of  the  normal  structure  of  the  nervous  system, 
and  to  the  study  of  such  morbid  conditions  of  that  system  as  have  come  under 
my  notice.  At  the  fii-st  I  employed  the  method  of  preparation  made  public 
in  1859  by  J.  Lockhart  Clarke,  of  London.  This  method  consists  in  harden- 
ing the  spinal  cord  and  brain,  cut  into  pieces  or  blocks  of  an  inch  or  more  in 
various  dimensions,  in  solutions  of  chromic  acid,  one  part  to  three  hundred 
for  the  cord,  and  one  part  to  four  or  five  hundred  fpr  the  brain.  After  a 
lapse  of  three  or  five  weeks  (the  solution  to  be  renewed  once  every  week  or 
ten  days),  the  segments  of  nervous  tissue  are  ready  for  the  next  step  in  the 
method,  viz.,  the  cutting  of  thin  sections  from  them  by  means  of  a  razor. 
These  sections  are  to  be  stained  in  an  ammoniacal  solution  of  cai^iine,  then 
soaked  in  common  alcohol  to  extract  the  water,  transferred  to  absolute  alco- 
hol to  complete  the  anhydration,  and,  lastly,  floated  upon  oil  of  turpentine 
until  they  become  transparent  and  sink.  These  stained  and  transparent  sec- 
tions may  be  made  into  permanent  'preparations  by  mounting  them  in  Can- 
ada balsam  upon  a  glass  slide.  By  means  of  this  method  very  good  speci- 
mens are  obtained. 

During  the  last  eighteen  months  I  have  obtained  better  results  by  means 
of  a  modification  of  this  method,  the  improvement  consisting  mainly  in  the 
more  perfect  demonstration  of  nerve  fibres.  I  can  most  clearly  describe  this 
modified  Clarke's  method  by  considering  separately  the  four  principal  stages 
in  which  it  consists — hardening  of  the  nervous  centres,  cutting  of  sections, 
staining  the  sections,  mounting  them  as  permanent  preparations. 

I.  (a)  To  harden  the  spinal  cord,  I  remove  its  serous  coat  only,  and  cut  it 
into  segments  measuring  about  2  c.  in  length.  This  cutting  should  be  done 
with  a  very  sharp  razor,  perpendicularly  to  the  long  axis  of  the  organ, 
and  in  pathological  cases  the  surfaces  of  these  sections  should  be  studied  and 
their  appearance  noted  before  any  reagent  has  modified  the  nervous  sub- 
stance. I  then  fasten  these  segments  in  their  natural  order  upon  one  or  two 
threads,  suspending  these  threads  in  a  jar  containing  a  quart  at  least  of  a 
solution  of  bichromate  of  potassa  of  the  standard  strength  (gr.  xv.  to  %  i). 
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At  the  end  of  a  week  or  ten  days  the  specimen  is  transferred  to  a  solution  of 
chromic  acid,  strength  one  part  to  five  hundred.  This  chromic  acid  solution 
should  be  changed  every  week  or  oftener.  At  the  end  of  three  or  five  weeks 
from  date  of  immersion  in  chromic  acid,  the  hardened  cord  should  be  placed 
in  strong  alcohol,  and  after  three  days  the  second  step  in  the  method  may  be 
proceeded  with.  The  cord  may  be  left  in  alcohol  almost  indefinitely  with- 
out undergoing  any  destructive  changes.  (6)  To  harden  the  brain,  I  leave 
the  organ,  having  opened  it  by  one  or  more  sections  in  such  a  way  as  to  ex- 
pose the  ventricles  and  centnd  ganglia,  in  the  standard  solution  of  bichix)- 
mate  of  potassa  or  in  MuUer's  fluid*  for  one  or  two  weeks,  or  even  longer. 
From  such  portions  of  the  brain  as  it  is  desired  to  study,  pieces  are  cut  by 
means  of  a  razor  in  the  shape  of  blocks  measuring  from  2  to  4  c.  in  the  va- 
rious dimensions,  and  these  blocks  placed  in  strong  alcohol.  After  the  lapse 
of  a  week  or  ten  days,  sections  may  be  cut  from  these  blocks  with  facility. 
[Occasionally,  previous  to  placing  them  in  alcohol,  I  soak  the  blocks  for  a 
week  in  a  solution  of  chromic  acid  of  the  strength  of  one  part  to  six  or  eight 
hundred.] 

II.  Cutting  sections,  (a)  Sections  from  the  spinal  cord  I  always  make  by 
the  help  of  a  simple  section-machine  devised  by  my  friend  Dr.  Louis  Ranvier, 
of  Paris.  It  consists  of  a  brass  tube  a  little  larger  than  the  spinal  cord, 
terminating  at  one  end  in  a  circumferential  platform  lying  exactly  at  right 
angles  with  the  long  axis  of  the  tube.  The  other  end  of  the  tube  is  closed  by 
a  cap  perforated  to  allow  of  the  working  of  a  sort  of  piston  up  and  down 
iu  the  tube  by  means  of  a  very  fine  screw-thread  cut  in  tlie  exact  centre  of 
the  cap,  and  upon  the  piston.  The  specimen  being  placed  in  the  tube  rest- 
ing upon  that  end  of  the  pisfon  which  is  inside  the  tube,  revolutions  of  the 
piston  cause  an  elevation  of  the  specimen  up  to  the  platform  end  of  the  tube. 
A  razor  ground  flat  on  one  side  is  used  for  cutting  slices  from  the  specimen 
as  it  is  raised  beyond  the  level  of  the  platform,  upon  which  the  flat  side  of 
the  razor  is  made  to  play  with  pressure.  The  advantages  of  such  a  machine 
are,  that  it  insures  the  making  of  thin  and  even  sections,  in  great  number ; 
'  that  it  facilitates  the  cutting  of  sections  at  light  angles  to  the  axis  of  the 
spinal  cord ;  and,  lastly,  that  it  renders  possible  the  economizing  and  utilizing 
of  a  very  small  specimen.  Before  placing  the  segments  in  the  section  ma- 
chine, I  mark  them  in  such  a  way  that  when  the  sections  are  mounted  I  am 
enabled  to  distinguish  the  right  from  the  left  halves.  In  an  unmarked 
section  of  the  spinal  cord  it  is  impossible,  because  of  the  absolute  simi- 
larity of  the  two  section-surfaces,  so  to  distinguish  the  sides ;  and  I  have 
been  surprised  to  observe  no  hint  given  by  writers  upon  the  subject.  I  make 
a  shallow  longitudinal  incision  in  the  middle  of  the  right  lateral  column, 
going  just  feirly  through  the  peripheral  layer  of  reticulum.  In  sections  cut 
from  such  a  marked  segment  of  cord,  each  right  half  ap])ears  with  a  slight 
nick  or  break  in  the  outer  edge  of  the  lateral  column.  Having  so  marked 
the  segment,  I  place  it  in  the  machine,  and  fasten  it  in  the  tube  by  means  of 
an  embedding  substance ;  either  ^der  pith  of  such  a  size  as  to  allow  of  per- 
foration and  of  the  introduction  of  the  segment  without  violence,  or  a  melted 
mixture  of  white  wax  and  olive  oil,  two  parts  of  the  former  to  one  of  the 
latter.  The  advantages  of  the  pith  (which  is  difficult  to  procure  of  the 
required  diameter)  are,  that  it  swells  when  it  has  imbibed  water  or  alcohol, 
thus  compressing  the  enclosed  specimen  fii^nly  yet  safely ;  and  that  its  tex- 
ture is  so  fine  that  the  razor-edge  is  less  injured  by  passing  through  it  than 

*  Mullet's  fluid  may  be  made  accordmg  to  the  f oUowiiig  formula  :  bichromate  of 
potassa  2  parts,  solphate  of  soda  1  part,  water  100  parts,  by  weight. 
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through  any  other  embedding  substance.  In  pouring  the  melted  oil  and 
wax  around  the  specimen  (in  a  paper  mould  or  in  the  tube  of  the  machine), 
care  should  be  taken  that  its  tempei'ature  be  not  too  high.  When  the  speci- 
men is  secui*ed  in  the  pith,  or  when  the  wax  about  it  has  thoroughly  hard- 
ened, it  may  be  introduced  into  the  section-machine,  and  pushed  up  by 
means  of  the  piston  until  its  extremity  rises  just  above  the  level  of  the  plat- 
form. The  platform  and  specimen  then  being  well  wet  with  alcohol,  and  the 
razor  likewise,  a  preliminary  cut  is  made  to  expose  a  fresh  and  smooth  sur£Eu;e. 
A  partial  revolution  of  the  jaston  (from  J  to  J  circle)  elevates  the  specimen 
enough  to  allow  of  a  fine  section,  fit  for  further  manipulation,  to  be  cut.  In 
cutting  the  machine  is  to  be  held  firmly  in  the  left  hand,  in  such  a  way  that 
the  platform  shall  be  horizontal  (to  retain  the  alcohol  which  is  upon  it),  and 
the  razor  drawn  across  it  by  the  operator  in  a  direction  toward  his  body  and 
toward  his  right,  an  oblique  movement  to  the  right  and  rear.  The  cut  being 
finished,  the  section  adhei*es  to  the  blade  of  the  razor,  and  is  to  be  removed 
by  agitating  the  razor  in  a  shallow  dish  of  alcohol.  A  point  that  will  bear 
insisting  upon  is,  that  during  the  operation  the  platform  and  razor  should  be 
thoroughl}'  wet,  even  flooded,  with  alcohol.  I  treat  the  medulla  oblongata, 
the  pons  varolii,  and  blocks  of  brain  in  precisely  the  same  manner,  using  a 
larger  section  machine.  (6)  Sections  from  the  hardened  blocks  of  brain 
(cerebrum)  may  be  cut  without  a  machine,  the  specimen  being  held  between 
the  thumb  and  forefinger  of  the  left  hand,  its  surface  well  moistened,  and 
the  razor  drawn  through  it  in  the  manner  above  described.  A  constant 
practice  in  hand-cutting  is  however  requisite  to  secure  the  making  of  good 
sections,  for  sections  of  this  tissue,  to  be  of  any  value,  must  be  most  deli- 
cate and  even. 

III.  The  sections  removed  from  cord  or  brain  in  the  way  above  detailed, 
and  floated  off  from  the  razor  in  alcohol,  are  now  to  be  stained.  I  trans- 
fer the  sections  from  the  alcohol  to  water,  in  which  I  allow  them  to  remain 
a  few  moments,  until  the  water  has  removed  the  alcohol  from  them.  (This 
transfer  and  all  handling  of  the  sections  I  achieve  by  means  of  steel  spoons 
which  I  have  had  constructed,  and  which  may  serve  for  the  handling  of 
sections  of  other  tissues.  These  spoons  ai*e  modified  knives  for  operating 
about  the  palate,  consisting  of  a  long  handle  with  a  rounded  blade  of  polished 
steel,  having  its  .fiat  side  turned  up  at  right  angles  to  the  handle.  The 
section  may  be  picked  up  on  this  flat  surface  and  carried  to  another  fluid, 
without  risk  of  laceration  or  folding.  I  have  had  two  sizes  made ;  one  for 
the  cord,  measuring  8  mm.  across  the  blade,  the  other  for  the  medulla  ob- 
longata and  brain,  18  mm.  in  diameter;  and  a  still  wider  one  would  be 
useful.)  For  staining  I  use  a  modified  Beale's  solution  of  caimine,  made 
according  to  the  following  formula :  carmine,  ten  grains ;  aq.  ammonia,  a 
few  drops ;  alcohol,  half  an  ounce ;  glycerine  and  water,  of  each  one  ounce  ; 
to  be  mixed  and  filtered  with  care.  Of  this  carmine  solution  I  pour  a 
quantity  into  a  watch-glass,  or  other  suitable  vessel,  and  add  an  equal 
volume  of  water.  In  this  dilute  solution  I  place  the  sections,  preventing 
their  contact  with  the  glass  by  means  of  a  small  piece  of  blotting  paper 
sunk  in  the  solution.  The  watch-glass  and  contents  are  now  set  aside  and 
covered,  so  as  to  exclude  dust  and  retard  evaporation.  After  two,  three,  or 
even  six  days,  the  staining  is  complete,  and  I  wash  the  sections  in  water. 
This  is  an  exaggeration  of  the  method  of  slow  staining,  accidentally  dis- 
covered by  Gerlach,  and  by  it  I  have  obtained  superb  staining  of  the  fibres 
of  the  anterior  roots  as  they  i*adiatc  in  the  anterior  horns.  An  objection 
to  the  plan  is  that  much  time  is  needed ;  an  objection  which  I  can  best  an- 
swer by  asserting  that  any  one  who  expects  to  study  the  normal  and  patho- 
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logical  histology  of  the  nervous  system  without  the  sacrifice  of  much  time 
will  be  severely  disappointed. 

IV.  The  stained  sections  must  now  be  prepared  for  examination — they 
are  to  be  made  transpai-ent  and  "  mounted."  The  sections  are  to  be  trans- 
ferred from  the  water  in  which  the  superabundant  carmine  solution  and 
particles  have  been  washed  off,  into  strong  alcohol.  From  this,  after  half 
an  hour  or  longer,  they  must  be  removed  to  absolute  alcohol,  which  takes 
out  the  last  trace  of  water  contained  in  the  sections.  I  sometimes  use 
turpentine  (Clarke's  original  process)  to  finish,  or,  more  often,  light-colored 
oil  of  cloves ;  the  advantage  of  the  latter  lying  in  its  more  pleasant 
odor.  When  the  sections  are  placed  in  the  oil  of  cloves,  after  removal  from 
the  absolute  alcohol,  they  float,  and  gradually  imbibe  the  oil.  In  a  few 
moments  the  section  becomes  at  the  same  time  saturated  with  oil,  quite 
tiunspai^ent,  and  sinks. 

The  '*  mounting "  is  done  in  this  wise.  The  section  to  be  mounted  is 
raised  out  of  the  oil  of  cloves  by  means  of  a  spoon,  the  excess  of  oil 
allowed  to  drip  off,  and  the  section  gently  pushed  from  the  spoon  upon  the 
centre  of  a  glass  slide.  At  this  stage  it  is  important  that  no  moistui^ 
strike  the  section  (it  should  not  be  breathed  itpon),  or  else  it  becomes 
opaque  once  more.  A  large  drop  of  a  solution  of  Canada  balsam  in  chloro- 
form (enough  clJoroform  to  make  the  balsam  perfectly  fluid)  is  then  placed 
on  the  section,  and  a  thin  covering-glass  dropped  over  it  in  such  a  way  as 
to  exclude  all  air-bubbles.  Such  a  preparation  does  not  become  solid  for 
weeks,  or  even  months,  so  that  if  it  is  to  be  transported,  or  much  handled, 
a  ring  of  some  cement  should  be  added,  to  prevent  sliding  of  the  thin  glass, 

£.  C.  Seguin. 
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THE   BRAIN   OF  MAMMALS. 

By    THEODOR    MEYNERT, 

in  vienna,  aubtbia. 

General  View  op  the  Construction  of  the  Brain. 

The  elementary  forms  concerned  in  the  constiTiction  of  the  brain  pi-esent 
no  great  variety  in  kind,  while  on  the  other  hand  the  greatest  possible 
variety  is  to  be  observed  in  the  manner  in  which  they  are  grouped.  As, 
therefore,  the  significance  of  the  elements  can  be  determined  only  by  their 
position  and  relations,  a  purely  histological  exposition  could  contribute  but 
little  to  an  understanding  of  the  organ  under  consideration.  The  minute 
structural  details  of  the  grouping  also  must  unavoidably  be  kept  in  mind,  as 
well  as  the  bearing  of  all  matters  of  minute- anatomical  interest  upon  the 
gross-anatpmical  relations  of  the  larger  masses.  Now,  although  these  con- 
siderations call  for  the  treatment,  within  the  following  pages,  of  facts  not 
strictly  histological,  yet  the  requirements  of  a  text-book  demand  a  brevity 
which  renders  an  exhaustive  treatment  of  the  subject  impossible.  Those, 
however,  who  wish  to  study  the  matter  more  closely  will  be  referred  to  the 
primary  sources  of  information. 

While  now  this  increase  of  space  allotted  to  morphological  considera- 
tions admits  of  a  more  satisfactory  treatment  of  our  subject,  the  reader  wdll 
be  materially  helped  to  a  clear  undei^tanding  of  it,  if  he  will  allow  three 
fundamental  ideas,  which  underlie  the  plan  of  construction  of  the  brain,  to 
accompany  and  light  him  through  its  intricate  ways. 

1.  The  recognition  of  senaihUity  as  a  functional  attribute  of  the  nerve 
cell.  Strictly  subject  to  the  limitation  that  this  sensibility  becomes  actual 
sensation  only  under  favorable  conditions,  it  must  be  conceded  to  be  a  uni- 
versal attribute  of  the  central  nervous  cell  element. 

The  resnlts  attamed  by  physiological  investigations  do  not  justify  us  as  yet  in 
locating  the  process  of  sensation  exclnsively  in  any  special  section  of  the  cential 
nervous  system,  as,  for  instance,  in  the  cerebral  lobes.  Such  being  the  case,  the 
important  fact  must  aJbso  not  be  forgotten,  that  at  the  lowest  extremity  of  the  Verte- 
bral series  is  found  a  creature  (Lancelette)*  of  which  the  central  nervous  system 
consists  of  the  gray  spinal  cord  alone,  but  to  which  we  are  not  justified  in  denying  a 
conscious  animal  existence. 

On  the  other  hand,  we  must  not  attribute  to  the  nerve  cell  any  other  in- 
herent property,  as  for  instance  the  ability  to  originate  motory  impulses. 
Of  all  the  tissues  of  the  body,  that  of  the  muscles  alone  is  possessed  of  motor 
properties,  and  if  any  condition  of  excitation  induced  in  the  nei-ve  cell 
(which  may  indeed  be  identical  with  the  process  called  sensation)  finds 


♦  Lanzetfischchen.-— Translator's  Note. 
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communicating  paths,  acting  through  which  it  can  call  into  play  this  func- 
tional activity  of  the  muscles,  the  part  taken  by  the  central  system  in  the 
production  of  such  motions  may  be  satisfactorily  assumed  to  consist  merely 
in  supplying  the  above-mentioned  mechanism  for  the  conduction  of  the 
exciting  impulse,  whether  the  final  motion  in  question  follow  the  excitation 
which  gave  rise  to  the  sensation,  mediately  or  immediately  in  point  of  time, 
and  whether  the  conducting  path  simply  pass  through  the  shortest  diameter 
of  the  spinal  cord,  or  through  an  immeasurable  cham  of  interruptions  along 
the  curved  conductor-like  nerve  tracts  of  the  celebral  lobes. 

2.  The  second  point  to  be  held  in  mind  is  Bell's  law — so  extended*  as  to 
include  the  expression  of  the  fiict  that  the  centripetally  and  oentrifugally 
conducting  nerve  tracts  are  prolonged  upwards  until,  undisturbed  in  their 
course  by  the  reduplications  and  dismemberments  to  which  the  white  sub- 
stance is  subjected  in  passing  through  the  gray  nodal  masses,  they  penetrate 
to  the  most  distant  centres  of  the  cerebral  organism,  or,  more  stiictly  speak- 
ing, find  there  their  origin. 

3.  Thirdly,  is  the  all-pervading  sway  of  the  law  of  isolated  cOTiduction  to 
be  remembered,  which  finds  its  morphological  expression  in  the  fibrillation 
of  the  white  substance.  But  also  in  the  gray  masses,  where  the  formation 
of  anastomoses  undoubtedly  paves  the  way  for  cross-conduction,  the  law  of 
isolated  conduction  still  obtains,  though  not  unconditionally.  Here  also  it 
finds  its  morphological  expression  in  the  fact  that  thb  nerve  cells  lie  with 
the  long  axis  stretched  in  the  direction  of  the  fibres  with  which  they  stand 
in  connection.  Certain  facts  force  upon  us  the  assumption  that  the  resist- 
ance to  conduction  is  less  in  the  direction  of  this  axis  than  in  the  gray 
fibrous  network  of  the  ganglion  substance,  and  it  is  to  this  circumstance 
that  the  preservation  of  the  isolation  is  due. 

A  valuable  general  mew  of  tlie  principal  features  of  the  struciv/re  of  tfie 
brain  is  to  be  had  from  transparent  sections  of  the  brains  of  amaU  Mammals^ 
where,  under  a  low  magnifying  power,  the  general  course  of  the  fibres  as 
well  as  the  relative  disposition  of  the  masses  is  to  be  recognized. 

The  nerve  cells  of  the  brain  occur  in  gray  masses,  which  may  be  divided 
into  four  categories : — 

1.  The  uppermost  mass  of  gray  matter,  from  which  the  entire  medullary 
substance  of  the  brain  takes  its  lise,  is  the  superficial  gray  substance  of  the 
cerebral  lobes — the  cortex  cerebri. 

2.  The  second  division  of  gray  substance  consists  of  the  collections  of 
gray  matter  found  in  the  cerebrum,  which,  since  the  time  of  Gall,  have 
been  designated  as  the  ganglia. 

3.  The  tubular  gi-ay  matter,  the  permanent  expression  of  the  primitive, 
genetic  form  of  the  brain,  which,  under  the  name  of  the  central  tubular 
gray  matter^  invests  the  inner  surface  of  the  central  system,  from  the  tuber 
cinereum  to  the  conus  medullaris  of  the  spinal  cord. 

4.  The  gray  substance  of  the  cerebellum^  which  occurs  partly  in  layers  and 
partly  as  scattered  cell-formations,  and  includes  on  the  one  hand  both  the 
superficial  and  the  deep  collections  of  gray  matter  belonging  to  the  cerebel- 
lum, and  on  the  other  hand  the  gray  substance  formed  within  those  seg- 
ments of  the  caudex  cerebri  (Grosshimstamm)  which  ai*e  traversed  by  the 
medullary  substance  of  the  cerebellum. 

In  order  to  get  an  idea  of  the  scheme  of  construction  of  the  brain,  the 
most  appropriate  starting-point  seems  to  be  the  assumption  that  the  pheno- 
mena of  consciousness  are  the  expression  of  the  function&l  activity  of  the 
cerebral  lobes.  Among  other  arguments  in  favor  of  this  assumption  is  the 
consideration  that  the  confluence  of  all  the  conducting  tracts  in  this  organ, 
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which  is  a  morphological  unit,  finds  an  exact  parallel  in  the  confluence  and 
union  of  all  the  processes  of  perception  in  consciousness. 

Figs.  258,  2M,  256. 


Figs.  253,  254,  255.  One  hcrigontal  and  two  perprndietdar  longitudinal  »eetiem* 
from  the  brain  of  Vespertiko  pipietreOa,  intended  to  expose  the  principal  features  of  the 
cerebral  structure. 
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Common  designation — F,  frontal  extremity ;  0,  occipital  extremity ;  Tp,  temporal 
portion  of  the  cerebrum,  or  forebrain  (profienoepbalon) ;  i2,  lobus  olfactorios;  S, 
septum  Incidum ;  H,  gyrus  hypocampi,  with  /,  the  fornix  ;  T,  corpus  callosum ;  <w, 
fibrao  propriaa  of  the  cortex  (fibres  belonging  to  the  association-system)  ;  Ly  anterior 
and  posterior  bom  of  the  lateral  ventricle ;  Cs — (7«,  ganglia  of  the  forebrain  (corpus 
striatum  and  nucleus  lentiformis) ;  TA,  ganglion  substence  of  the  interbrain  (dienceph- 
alon)  [thalamus  opticus]  ;  Pi,  superior  member  of  the  projection-system  for  the 
ganglia  of  the  forebrain;  Pi',  superior  member  of  the  projection-system  for  the  gang- 
lia of  the  interbrain,  to  which/,  the  fornix,  is  also  to  be  considered  as  beloog^ing  ;  QUy 
the  gfangUon  substance  of  the  midbrain  (corpus  quadrigeminnm)* ;  Br^  superior  mem- 
ber of  the  projection-system  for  the  midbrain  (processi  ad  corp.  quad.  Vierhiigelarm) ; 
Lp,  median  basal  surface  of  the  midbrain  (lamina  perforata  posterior) ;  P,,  middle 
member  of  the  projection-system  from  the  ganglia  of  the  forebrain  (basis  cruris  cere- 
bri, in  fig.  255,  cut  off  on  account  of  its  inclination  toward  the  median  line,  in  fig. 
254,  PvA,  continued  through  the  pons  varolii) ;  Tg,  the  middle  member  of  the  projec- 
tion-system cominflr  from  the  ganglia  of  the  midbrain  and  interbrain  (tegmentum 
cruris  cerebri) ;  Vllf,  posterior  longitudinal  bundle  of  the  tegmentum  (Hintere- 
langsbundel  der  Haube) ;  Ca,  anterior  commissure ;  (7m,  anterior  commissure  (com- 
missura  mollis)  of  the  thalami ;  m,  central  tubular  gray  matter  of  the  interbrain  (8d 
ventricle) ;  «/,  infundibulum  ;  Ag,  central  tubular  gray  matter  of  the  midbrain  sur- 
rounding the  aquseductus  Bylvii  ;  Gl,  pineal  gland  ;  Cp,  posterior  commissure  ;  /SV, 
transverse  fissure  of  cerebrum  ;  Pi^  choroid  plexus ;  Cb^  cerebellum  ;  i?,  corpus  resti- 
forme ;  F,  pons  Varolii ;  P^a^  anterior  pyramids  (continuation  of  pedunc.  cruris 
cer.) ;  Psr,  continuation  of  tegmentum  cruris  cer.  in  the  projection-system  of  the 
pons  and  oblongata ;  Bb,  section  through  the  transverse  fib.  of  cerebellum ;  Z, 
section  through  the  stratum  zonale ;  />,  superior  olivary  body ;  (7.  apparent 
commissure  l^tween  sup.  oliv.  bodies ;  Z>',  inferior  olivaiy  body ;  i^r,  central 
tubular  gray  matter  occurring  in  the  region  of  the  hindbrain  and  afterbrain 
as  4tii  ventricle ;  Gr,  central  tubular  gray  matter  in  the  region  of  the  after- 
brain  and  spinal  cord  around  the  central  canal  (Cc) ;  Fg,  funiculus  gracih's ;  Pa, 
inferior  member  of  the  projection-system,  represented  in  fig.  253,  in  the  region  of 
the  midbrain  by  the  nervus  olfactorius.  in  the  region  of  the  afterbrain  by  the  nervus 
facialis,  in  fig.  255  ;  Pa',  Quintus ;  P»  ^  fadaUs  ;  //,  nervus  opticus. 

For  this  duty  of  embiucing  and  biDding  together  the  oonductiiig  tracts, 
the  cortex  cerebri,  in  virtue  of  its  form,  that  of  a  <»p  covering  the  surface 
of  the  rest  of  the  brain  (figs.  253,  254,  and  255,  P,  O,  Tp,  i?,  JI)  seems 
well  adapted.  This  form  results  from  the  manner  of  grouping  of  the  num- 
berless sensitive  elements  with  which  the  cortex  is  peopled,  i.  e.,  the  neive 
cells.  The  sensory  nerve  fibres  constitute  the  feelers  of  these  cells,  the 
motory  nerve  fibres  their  tentacles,  as  it  were.  Whereas  these  fibres  are 
obliged  in  ^reat  part  to  pass  through  the  foramen  magnum  before  they  can 
reach  the  organs  for  which  they  are  destined,  they  converge  after  the  fashion 
of  radii,  tending  always,  within  the  caudex  cerebri  (Hii-nstamm)  and  spinal 
cord,  toward  the  central  tubular  gray  matter.  Having  once  traversed  this 
central  tubular  gray  matter  they  diverge  again,  and  penetrate  under  the 
form  of  the  peripheric  nervous  system  to  all  parts  of  the  body.  Since  now 
this  organization  of  the  body  serves  only  to  effect  a  contact  between  the 
perceptive  hollow  globe  of  the  cortex  cerebri  and  the  external  world  pre- 
sented under  the  varied  portraiture  of  the  senses,  its  image  being  thus,  as  it 
were,  projected  upon  the  cortex,  the  important  section  of  the*  nervous  sys- 
tem under  consideration  may  be  called  the  projection-system,  the  cortex 
cerebri  being  regarded  as  the  prcjection-planey  and  the  outer  world  as  the 
projected  object  (P^,  P„  P^). 


*  In  accordance  with  the  custom  of  the  author,  although  it  be  contrary  to  ordinary 
TSngrlwh  usage,  the  Latin  equivalent  of  the  (German  Vieraugel  is  written  corpus  qua- 
drigeminum  instead  of  corpora  quadrigemina.  The  superior  pair  of  ganglia  (obere 
Zweihugnl)  is  rendered  in  similar  manner  corpus  bigeminnm  snperius,  the  lower,  corp. 
bigem.  inferins.     (Tbanb.) 
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Since  the  movements  of  the  different  parts  of  the  body  give  rise  to  cer- 
tain kinds  of  sensation  (muscular  sensation,  sense  of  motion),  this  gives  to 
the  brain  a  representation  of  part  of  the  projected  outer  world. 

The  muscular  system  is  moreover  projected  in  another  sense,  to  wit,  through 
the  agency  of  the  central  and  peripheric  tracts  of  the  motor  nerves,  along 
which  the  cortex  cerebri  reflects  toward  tlie  exterior  the  excitation  which  has 
been  already  transmitted  to  it  through  the  nerves  of  sensation. 

In  fig.  253.  /*!,  jRj,  /*3,  are  seen  the  successive  members  of  this  projt^tion- 
system,  which  suffers  repeated  interruptions  in  the  masses  of  gray  uiaiter. 
Its  uppermost  member  (jPj,  P/  and  J&r)  consists  of  a  system  of  medullary 
fibres  which  spring  from  the  cortex  cerebri,  generally  in  radiate  lines,  and 
which  find  their  peripheral  termination  in  the  gray  matter  of  the  2d  cate- 
gory, viz.,  of  the  ganglia.  From  out  the  interrupting  nodal  masses 
of  the  ganglia  springs  the  2d  member  of  the  projection-system  (P^)?  ^^^ 
crus  cerebri,  which  ends  peripherally  in  the  gray  substance  of  tlie 
3d  category,  the  tubular  gray  substance.  The  3d  member  of  the  projection- 
system  consists  of  the  nerves  pniper,  which  take  their  me  in  the  above- 
mentioned  central  tubular  gray  substance  throughout  its  whole  extent,  from 
the  seat  of  origin  of  the  3d  pair  of  the  cranial  nerves,  to  those  of  thf  lowest 
sacral  nerves  of  the  spinal  cord.  They  terminate  peripherally,  perhaps  with- 
out exception,  in  certain  microscopic  structures  which  ai*e  treated  of  in 
various  pai'ts  of  this  text-book. 

The  course  of  the  first  member  of  the  projection-system  falls  within  the 
limits  of  the  cerebral  lobeSy  whose  territory  it  shai*es,  as  may  be  seen  without 
difficulty,  with  two  medullary  formations,  the  trabedUar-st/stem  and  the 
arch-systems,  (Bogensysteme,  made  up  of  fibres  which  connect  different 
regions  of  the  same  hemisphere,  and  which  derive  their  name  from  the  char- 
acter of  the  curves  they  describe,  v.  fol. — Trans.) 

While  the  projection-system  establishes  a  communication  between  the 
cortical  cells  of  the  brain  and  the  external  world,  a  threefold  communication 
is  set  up  between  the  same  cortical  elements  within  the  limits  of  the  cerebi-al 
lobes,  and  thereby  that  part  of  the  protoplasm  of  the  primitive  germinal  cell, 
which  by  its  division  gave  rise  to  the  countless  cells  of  the  cortical  substance, 
comes  together  again  to  form  a  moi*phological  unit,  to  explain  the  formation 
of  which,  a  process  of  secondary  consolidation  must  be  assumed  to  take 
place.  The  most  striking  argument  in  favor  of  the  justice  of  this  assum))- 
tion  is  afforded  by  the  fact  of  the  consolidation  of  the  fibres  of  the  corpus 
callosum  in  the  median  line,  which  takes  place  during  foetal  life  after  Ihe 
fibres  of  either  side  have  broken  through  the  inner  wall  of  their  respective 
cerebral  vesicles.  The  fibres  of  the  corpus  callosum  (figs.  253  and  254,  T) 
'  connect  together  exactly  symmetrical  regions  of  the  cortex  of  the  two  cerebral 
Jiemisplieres, 

The  various  parts  of  the  cortex  of  one  and  the  same  hemisphere  may,  of 
course,  be  united  by  way  of  the  gray  fibrous  network  formed  by  the  anasto- 
mosing cell-processes ;  nevertheless,  the  strongest  argument  for  the  assump- 
tion that  the  law  of  isolated  conduction  even  here  holds  good,  is  furnished 
by  the  fact  that,  besides  this  network  of  gray  fibres  (without  any  medullary 
8.ieaths),  the  different  regions  of  the  cortex  are  bound  together  by  nerve 
fibres,  those  constituting  the  fibr»  propriae,  fibres  arcuatse  (v.  above),  which 
(figs.  253  and  255  a  a)  form  a  layer  made  up  of  longer  and  shorter  bundles 
by  which  the  inner  surface  of  the  cortex  is  uninterruptedly  invested.  Since, 
CDrresponding  to  this  anatomical  connection  between  the  different  regions  of 
the  cortex,  there  must  be  a  connection,  in  regard  to  function,  between  tlie 
various  states  of  excitation  of  the  respective  regions,  effected  by  way  of  these 
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systems  of  nerve  fibres,  we  may  give  to  them  in  virtue  of  their  office,  as 
well  as  of  their  disti-ibutiou,  the  name  of  aaaociation'Systeins, 

A  fourth  category  of  nerve  fibres  of  the  cerebral  lobes  serves  to  unite  the 
cortex  of  the  cerebrum  with  that  of  the  cerebellum.  These  fibres  become 
compacted  together,  and  under  the  name  of  the  proc.  cerebel.  ad  corp.  gem. 
(Bindeaim)  constitute  a  distinct  formation,  which  lies  exposed  to  view  at 
the  level  of  the  pons  Varolii,  but  which,  owing  to  the  indirectness  of  its 
course  from  the  one  cortex  to  the  other,  as  well  as  to  its  intimate  and  pro- 
longed connection  with  the  projection-system  of  the  cerebrum,  cannot  be  so 
described  in  this  comprehensive  sketch  as  to  enable  the  reader  to  form  a  dis- 
tinct conception  of  its  relations. 

The  masses  of  gray  matter  situated  below  the  cerebral  lobes  (with  the 
exception  of  the  central  tubular  gray  matter  as  regards  the  2d  point)  con- 
stitute 

1.  Nodal  masses  belonging  to  iheprofection-si/stem  designed  to  interrupt 
the  course  of  the  nerve-fibres  of  the  same  (Unterbrechungsmassen  des  Pro- 
jections-system), and 

2.  Portions  where  the  projection-system  is  reduced  in  size  (Reductions- 
gebiete  fiir  dessen  Umfang),  for  although  its  first  member  is  of  considerable 
size  when,  chiefly  in  the  form  of  the  corona  radiata,  it  enters  the  various 
ganglia  of  the  cerebrum,  it  is  gi*adually  reduced  to  the  inconsiderable  di- 
mensions of  the  spinal  cord  (2d  member  of  the  projection-system). 

This  reduction  of  the  projection-system  relates  not  only  to  the  total  num- 
ber o/JibreSy  but  also  to  the  number  of- the  separate  groups  of  fibres  which 
may  be  distinguished  in  the  projection-system. 

The  first  member  of  the  projection-system  divides,  at  the  moment  of  its 
entrance  into  the  various  ganglia,  into  as  many  parts  as  there  are  nuclei  of 
gray  matter  among  the  latter.  Of  such  separable  divisions  may  be  distin- 
guished, in  figs.  253-255,  the  corpus  striatum  and  the  nucleus  lentiformis 
with  the  groups  of  rays  entering  them  {^Cs  and  P,) ;  the  thalamus  opticus 
( Tk\  and  corpus  quadrigeminum  (  Qu)  with  their  entering  rays  (jP/  and  Br^ ; 
and  ftirther  a  bundle  of  fibres  whose  course  differs  in  character  from  that 
of  the  rest,  the  fornix  (/"),  a  division  of  the  projection-system  which  con- 
nects a  certain  part  of  the  cortex  cerebri  with  the  anteiior  tubercle  (tuberc. 
anterius,  vorderer  Hckjker)  of  the  thalamus  opt.  The  second  member,  how- 
ever, of  the  projection-system,  the  crus  cerebri  (Himschenkel),  appears,  after 
leaving  the  ganglionic  masses,  so  far  simplified  that  only  a  twofold  arrange- 
ment is  to  be  distinguished,  formed  by  the  anterior  and  posterior  division 
of  the  caudex  cerebri,  the  basis  cruris  cerebri  (Hirnschenkelfuss)  (figs.  253, 
and  2.'>5  jPj),  and  the  tegmentum  cruris  cerebri  (Himschenkelhaube)  (figs. 
254,  255,  Tg)y  which  ai'e  prolonged  as  the  anterior  and  posterior  division  of 
the  pons  and  oblongata,  and  pass  finally  into  the  medullary  investment  of 
the  spinal  cord,  a  formation  morphologically  homogeneous. 

This  division  of  the  projection-system  into  members,  this  (momentary) 
interruption  of  the  coui^se  of  its  fibres  by  masses  of  gray  matter,  does  not 
serve  simply  to  effect  a  mutual  exchange  of  excitations  between  different 
gix>iips  of  ganglion-cells,  placed  one  above  the  other,  somewhat  as  buckets 
are  passed  up  and  down  a  ladder  from  hand  to  hand.  The  morphological 
significance  of  the  interruptions  depends  rather  (often  demonstrably)  on  the 
fact  that  the  cells  thus  introduced  in  the  coui*se  of  the  nerve  fibres,  without 
breaking  the  direct,  though  jointed  line  of  communication  intended  also  for 
centripetal  or  centrifugal  conduction,  serve  also  to  establish,  by  virtue  of 
their  deflecting  power,  a  communication  between  the  periphery  and  centres 
not  situated  on  the  direct  path  of  the  projection-system. 
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An  example  of  such  a  deflection  is  furnished  by  the  nervous  tract,  which 
has  been  proved  by  countless  pathologico-anatomical  observations  to  conduct 
centrifugally,  and  which  leads  from  the  cortex  cerebri  through  the  corpus 
striatum,  nucleus  leftticularis,  basis  cruris  cerebri,  pons  and  anterior  pyr- 
amids of  the  medulla  oblongata,  to  the  roots  of  the  anterior  spinal  nerves 
(figs.  253  and  255  P„  Ca,  P, ;  fig.  254  P^a).  The  great  size  of  this  tract  be- 
fore its  entrance  into  the  pons  (while  still  basis  cruris,  Fuss  des  Him- 
schenkels)  becomes  reduced  to  the  insignificant  dimensions  of  the  anterior 
pyramids  of  the  medulla,  by  the  loss  of  a  considerable  group  of  fibres  which 
branches  ofiT  into  the  cerebellum  through  the  processus  cerebelli  ad  pontem 
(Briickenarme)  and  thus  forsakes  the  projection-system.  The  fibres  of  the 
corona  radiata  which  pass  as  a  homogeneous  formation  from  the  cortex  cer- 
ebri into,  e.  g.,  the  nucleus  lentiformis,  encounter  within  this  ganglion  (in 
accordance  with  the  above  proposition)  cells  from  out  of  which,  although 
an  immediate  reduction  of  the  number  of  fibrous  elements  takes  place,  nerve 
tracts  spring,  one  of  which  is  prolonged  into  the  spinal  cord,  the  other 
passes  off  into  the  cerebellum. 

The  division  into  two  tracts  (basis  and  tegmentum)  which  characterizes 
the  simplified  organization  of  the  projection-system  in  the  cms  cei'ebri,  al- 
lows of  a  natural  division  of  the  ganglia,  which  originate  these  tracts,  into 
the  ganglia  of  the  btms  and  ganglia  of  the  tegmentum  cruris  cerebri  (Fuss 
u.  Haube  des  Himschenkels).  Among  the  former,  the  most  important  are 
the  nu,cleu8  caudaPus  and  nucleus  lentiformis^  among  the  latter  the  thalamus 
opt,y  the  corpus  qtuuHrigeminum^  and  the  corpus  geniculatum  internum. 
Comparison  of  the  basis  and  its  ganglia  with  the  tegmentum  and  its  gan- 
glia (in  dififerent  animals)  demonstrates  that  a  significant  independence  of 
each  other  rules  their  development,  a  fact  of  fundamental  importance  as 
regards  the  vaiiations  in  form  of  the  Mammalian  brain.  It  is  the  basis 
alone  (with  the  parts  belonging  to  it)  which  expands  and  contracts  in  size 
according  as  the  cerebral  lobes  show  a  higher  or  a  lower  degree  of  develop- 
ment, which  explains  the  fact  that,  of  all  animals,  Man  possesses  the  most 
fully  developed  nucleus  lentiformis  and  basis  cruris  cerebri.  The  tegmen- 
tum with  its  ganglia,  and  especially  the  corpus  quadrigeminum  and  corpus 
geniculatum  interaum,  show  their  highest  development,  on  the  other  band, 
when '  that  of  the  cerebral  lobes  is  at  its  minimum.  Hence  the  meagre 
development  of  the  basis  (figs.  253,  254,  255,  P^,  P^a)  compared  with  that 
of  the  tegmentum  ( Tg,  Pjr)  in  the  brain  of  the  Bat,  where  the  cerebral 
lobes  are  so  poorly  represented.  The  important  pathological  fact  that  de- 
struction of  the  ganglia  attached  to  the  basis  causes  complete  hemipL^gia, 
and  the  equally  significant  observation  made  by  expeiimental  j)hysiology, 
that  animals  which  have  been  deprived  of  every  part  of  the  brain  except 
the  ganglia  of  the  tegmentum,  are  still  capable  of  executing,  in  response  to 
excitation  from  without,  every  variety  of  movement  with  perfect  technical 
nicety,  force  upon  us  the  conclusion  that  all  parts  of  the  body  are  repre- 
sented in  two-fold  projection  within  the  brain,  viz.,  through  the  agency  of 
the  basis,  and  through  that  of  the  tegmentum  cruris  cerebri,  while  at  the 
same  time  they  are  brought  only  by  the  basis  into  the  relation  of  vital  de- 
pendence in  which  they  stand  to  the  cerebral  lobes. 

The  gi'ay  matter  of  the  3d  category  was  excluded  above  from  the  gray 
masses  designated  as  agents  for  efifecting  a  reduction  in  volume  of  the 
fibrous  mass  of  the  projection-system;  it  seems,  on  the  contrary,  to  effect  a 
considerable  increase  in  the  same,  as  may  bo  seen  in  the  fact,  now  univer- 
sally acknowledged,  that  the  aggregate  number  of  fibres  in  the  roots  of  the 
spinal  nerves  considerably  exceeds  the  number  of  fibres  in  the  columns  of 
the  spinal  cord. 
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This  gray  matter  (fig.  254)  appears  first  in  the  region  of  thiB  interbrain 
(Zwischenhim)  as  the  lining  of  the  third  ventricle  (m),  which  is  made  into 
a  cylindrical-shaped  cavity  by  the  commissura  mollis,  and  passes  over  into 
the  lumen  of  the  trichter  (/).*  Within  the  limits  of  the  midbrain  (region  of 
the  corp.  quadrig.)  it  surrounds  the  aqueduct  of  Sylvius  {Ag),  within  those 
of  the  hindbrain  it  expands  to  form  the  floor  of  the  fourth  ventricle  (fossa 
rhomboidea,  jPr),  and  throughout  the  lower  half  of  the  oblongata  and  the 
whole  of  the  spinal  cord  ( G^r)  it  surrounds  the  central  canal  ( Cc).  As  of 
the  spinal  nerves,  so  also  it  is  true  of  the  cerebral  nerves,  which  in  figs. 
253,  255,  stand  as  the  representative  of  the  third  member  of  the  projection- 
system  (Pa)y  that  at  their  exit  from  the  tubular  gray  matter,  where  they  take 
their  rise,  they  contain  a  number  of  fibres  greater  than  that  of  those  by 
which  they  are  represented  in  the  cms  cerebri.  From  a  superficial  glance 
at  fig.  253  it  wotdd  appear  that  the  process  of  reduction  in  volume  of  the 
projection-system  gives  place  suddenly  to  a  process  of  augmentation  of  the 
same  in  the  region  of  the  pons  and  upper  half  of  the  oblongata,  since  the 
circumference  of  a  section  made  in  this  region  exceeds  that  of  the  cms  cer- 
ebri. This  augmentation  in  volume  is,  however,  to  be  explained  in  great 
part  by  the  fact  that  within  the  region  in  question,  through  the  agency  of 
gray  matter,  to  whose  presence  the  increase  in  bulk  is  essentially  due, 
^e  fibres  belonging  to  the  medullary  substance  of  the  cerebellum,  which 
up  to  this  point  have  been  mixed  in  with  the  elements  of  the  projection- 
system,  branch  off  to  enter  the  cerebellum,  intertwining,  as  they  go, 
with  the  fibres  of  the  projection-system,  which  continue  their  own  further 
course.  The  rapid  diminution  in  size  of  the  oblongata,  which  follows  the 
completion  of  the  above  process,  accompanies  the  transition  from  the  cere- 
bral organization  to  the  organization  of  the  spinal  cord.  Thus  we  see  that 
the  description  of  the  construction  of  the  brain  naturally  divides  itself  as 
follows : — 

1.  The  cerebral  lobes.  2.  7%6  basis  crwris  cerebri,  together  with  its  gang* 
lia,  3.  The  tegmentum  cruris  cerebri  with  its  ganglia.  4.  The  region  occu- 
pied by  the  interlacement  of  the  processus  cerebeUi  adporUem  (J^ruckenarme) 
with  the  projectionst/stein.  5.  The  cerebellum,  6.  ITie  region  occupied  by 
the  transition  from  medvUa  to  spinal  cord. 

1.  The  Cerebral  Lobes. 

Of  1,400  grammes — ^the  weight  of  the  entire  Human  brain — ^that  of  the  cer- 
ebral lobes  constitutes  1,100  grammes.  The  reason  for  their  preponderance 
in  size  is  perhaps  to  be  found  in  the  &u;t  that,  being  the  essential  seat  of 
memory,  they  contain  at  one  and  the  same  moment  one  portion  of  the  excit- 
ing influences  which  act  during  the  whole  period  of  existence,  whereas  the 
other  parts  of  the  cerebrum  are  obliged  to  find  room  for  the  conditions  of 
excitation  of  the  moment  only. 

The  gray  matter  of  the  first  category,  the  cortex  cerebri,  invests  the  me- 
dullary substance  of  the  cerebral  lobes,  and  gives  to  the  latter  their  external 
form.  The  cortex  cerebri  presents,  in  certain  parts,  peculiarities  of  structure 
which  make  it  important  to  bear  in  mind  cei*tain  points  connected  with  its 
gross  anatomy,  in  order  that  its  textural  peculiarities  may  be  properly 
localized. 

Genetically,  the  cerebral  lobes  make  their  appearance  as  two  lens-shaped 
hollow  excrescences  on  the  sides  of  the  anterior  cerebral  vesicle.     The  entire 
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surface  of  the  same  develops  into  cortical  substance.  The  external  sur&ce 
of  the  lens  is  of  a  shield-like  convexity ;  the  inner  surface  facing  the  base- 
ment (whence  the  lens-shaped  excrescence  sprang)  must  perforce  hav«  an 
annular  form,  and  the  lumen  of  the  ring  must  be  the  communicating  opening 
between  the  cavity  of  the  anterior  cerebral  vesicle  (Ites  Hlniblaschen)  and 
that  of  the  hemispheric  vesicle  (Hemispharenbl&schen).  The  fibres  of  the 
corpus  callosum,  breaking  through  the  inner  wall  of  tlus  ring,  cut  off  a  por- 
tion of  its  upper  periphery,  thus  forming  the  septum  pellucidum.  For  the 
rest,  the  ring-like  surface  of  the  hemisphere  divides  into  an  anterior,  smaller, 
and  a  posterior,  larger,  segment,  or  (if  we  will)  into  two  half  rings.  The 
posterior  half  ring  becomes  the  gyrus  fomictUus^  the  convolution  which 
encircles  the  corpus  caJlosum;  the  anterior ^  drawn  out  into  the  form  of  an 
angle,  its  opening  looking  backward,  becomes  the  olfactory  lobe.  The  vertex 
of  this  angle  swells  out  to  form  the  bulbus  olfactoiins ;  the  inner  and  upper 
branch  or  leg  of  the  same  runs,  as  the  inner  olfactory  convolution,  into  the 
frontal  end  of  the  gyrus  fomicatus,  while  its  outer  and  lower  branch  passes, 
as  the  exterior  olfactory  convolution,  into  the  temporal  end  of  the  gyrus 
fomicatus  (gyrus  uncinatus).  Between  the  two  branches  of  the  angle  lies 
the  triangular  ol^Eu^ry  space — the  lamina  perforata  anterior — formed  by  a 
part  of  the  under  surface  of  the  end  of  the  corpus  striatum  covered  by  a 
thin  layer  of  cortex  tissue. 

Since,  after  withdrawal  of  the  olfactory  lobe,  the  underlying  fofm  of  the 
inner  surface  of  the  hemisphere,  throughout  the  course  of  its  further  devel- 
opment, must  be  that  of  a  half  ring  with  its  opening  looking  forwards,  the 
origin  of  the  archrlike  ftmclamental  shape  of  the  same  becomes,  easy  of  com- 
prehension. 

This  same  arc^ike  furhdarnen^  form  developn  itself  in  another  way  from 
the  shield-shaped  unbroken  sur&ce  of  the  hemispheric  vesicle.  The  convex 
wall  of  this  vesicle  becomes  cemented  at  one  part  of  its  surface  with  the 
outer  surface  of  a  ganglion  (the  nucleus  lenticularis,  fig.  256  X)  which, 
springing  from  the  caudex  cerebri  (Himstamm),  projects  into  the  cavity  of 
the  vesicle,  and  the  space  involved  in  this  process  of  cementation  is  the  only 
point  where  ganglion  substance  and  the  wall  of  the  hemispheric  vesicle  come 
directly  into  contact  with  each  other  without  being  connected  by  means  of 
the  medullary  substance  of  the  projection-system*  (figs.  266,  267,  268). 
This  region  of  cementation,  within  whose  limits  the  hemispheric  wall  remains 
persistently  thinner  than  at  any  other  part,  and  which  is  therefore  over- 
topped by  the  parts  around  it,  comes  to  form  the  Jloor  of  the  fossa  Sylvii, 
extends  from  the  anterior  border  of  the  convex  suiiace  of  the  hemisphere, 
close  to  that  part  of  the  median  ring  formed  by  the  external  olfactory  con- 
volution— ^represented  in  the  Human  brain  by  a  simple  line  of  tissue  which, 
appearing  as  if  inlaid,  forms  one  side  of  the  olfactory  triangle — and  reaches 
backwards  and  upwards  over  more  than  half  of  the  outer  surface  of  the  cer- 
ebrum. This  fossa  (which,  when  the  nucleus  lenticularis  is  poorly  developed, 
is  but  a  fissure)  forms  the  external  lumen  of  the  arch  of  the  henUtphere^  which, 
opening  anteriorly,  surrounds  the  above-mentioned  seat  of  the  cementation 
between  the  nucleus  lentiformis  and  the  cortical  substance  (fig.  256  X). 
This  ai^ch  is  made  up  of  an  upper  limb— the  ^rem^oZ  lobe  (^,  a  lower  limb 


*  The  medullary  eabstance,  Been  in  the  plates  and  especially  in  fig.  256,  between 
the  outer  surface  of  the  nucleus  lenticularis  and  the  oortez  of  the  island  of  Beil,  does 
nob,  as  will  be  developed  later,  immediately  unite  the  two.  The  nerve  fibres  simply 
pass  over  the  oonvex  surf aoe  of  the  former,  without  entering  into  any  closer  connec- 
tion therewith.   (Tbans.) 
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— the  temporal  lobe  {T)y  and  a  vertex — the  posterior  part,  the   occipital 
lobe  ( O). 

The  convex  outer  surface  of  the  lens-shaped  hemispheric  vesicle  becomes 
in  this  fashion  a  false  arch,  which  has  for  its  lumen  the  cul  de  sac  of  the 
fissure  of  Sylvius. 

Pig.  250. 


Fig.  256.  Profile  section,  from  the  brain  of  Circocehm  cinomdgne  (somewhat  en- 
larged). F^  frontal  extremity.  0,  occipital  extremity.  7',  temporal  extremity,  li, 
cortex  cerebri.  Op,  cortex  of  the  iimer  side  of  the  operculum  (Elappdeckel,  parfc  of 
Ist  primitive  conyolution*  oyerhanging  the  island  of  Beil)  which  forms  one  boundary 
of  Burdach's  superior  fissure,  fche  other  being  formed  by  the  cortioal  substance  of  the 
island.  H.  the  ammon^s  horn.  SH,  sulcus  hypocampi.  L,  the  third  member  of  the 
nucleus  lenticnlaris.  C^claustrum  (sometimes  nucleus  tseniaeformis,  Yormauer). 
A,  nucleus  am ygdaln.  Us^  tail  of  the  nucleus  caudatusf .  P,  tuberculum  posterius 
tihalami  optici  (Polster.d.  BehhUgels).  O,  corpus  geniculatum  externum,  pr,  fibne 
propri89  uniting  two  convolutions,  arc^  faisciculus  arcuatus.  unc,  fasciculus  undna- 
tus.  Ig,  fasciculus  longitudinalis  inferior.  Ca,  anterior  commissure,  inf  inferior 
horn  of  the  lateral  ventricle.     Pi,  upper  member  of  the  projection-system. 

The  large  size  of  the  floor  of  the  fossa  Sylvii,  the  island  of  BeS,  is  a  distinguishing 
mark  of  the  higbefst  grades  of  cerebral  development,  for  the  size  of  the  island  depends 
upon  that  of  the  nucleus  lenticularis,  while  the  latter  keeps  pace,  in  point  of  develop- 
ment, with  the  cerebral  lobes.  It  is  worthy  of  notice  that  this  region  of  the  cortex  is 
also  connected  with  the  power  of  speech. 

Following  the  arch-like  fundamental  form  of  the  convex  surface,  the  2—4  primi- 
tive convolutions  of  the  Mammalian  brain  develop  themselves,  bounded  by  secondary 
parallel  longitudinal  fissures.  (Leuret,  Huschke.)  The  typical  brain  of  the  Ape 
and  of  Man  exhibits  but  three  such  convolutions,  of  which  the  outermost  shows,  how- 
ever, a  decided  tendency  to  split  into  two,  and  is  further  characterized,  Ist,  by  the 
interruption  of  the  middle  arch  or  convolution  by  the  two  transverse  central  convolu- 
tions, and  2d,  by  the  consolidation,  in  the  parietal  regfion,  of  the  middle  and  lower 
convolution-archeB.  (Bischoff.)  The  development  of  the  convolutions  of  the  con- 
vexity alone  stands  in  a  fixed  relation  to  that  of  the  hemispheres,  and  to  that  of  the 
encephalon  in  general,  in  the  respect  of  its  highest  tendencies.  The  entire  convolu- 
tion-territory, formed  from  the  median  ring,  keeps  pace,  in  its  development,  with  the 
lobus  olfactorius  alone.  The  gyrus  fomicatus,  which,  in  the  Ape  and  Man,  is  crowded 
to  the  inner  surface  of  the  hemisphere,  and  which,  even  there,  is  enclosed  in  its  entire 
length  by  thA  external  convolution  of  the  convexity,  presses  forward,  in  the  brains  of 
the  lower  animals,  at  the  temporal,  as  well  as  at  the  frontal  extremity,  to  the  outer 
surface.  Indeed,  it  forms  there  the  entire  frontal  end  of  the  cerebral  lobe,  intruding 
itself  in  front  of  a  transverse  fissure,  which,  not  found  in  the  Human  brain  (Fig.  261': 

*  For  mode  of  numbering  the  convolutions  adopted  here,  see  page  667.     (Trans  ) 
f  Used  synonymously  with  corpus  striatum,  whereas  in  English  works  a  dirtino- 
tion  is  made  between  them.     (Tran&) 
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8^ )  forms,  with  the  faloif orm  fissare,  a  bqIcos  craciatas  and  ooyering  for  the  lobns  olfac- 
torius,  so  that,  in  fact,  behind  the  frontal  bone  uf  the  Ape  and  of  Man,  other  parts  of 
the  brain  are  to  be  found  than  those  which  lie  behind  the  frontal  bone  of  the  other 
Mammals. 

Such  being  the  distribution  of  the  cortex  cerebri,  it  may  be  further  ob- 
served, with  regard  to  its  structure,  that  1.  A  common  type  of  stratification 
obtains  in  the  cortex  of  the  convex  surface  of  the  hemispheric  arch  and  in 
tliat  part  of  the  gyrus  fomicatus  which  encircles  the  median  section  of  the 
corpus  callosum.     As  types  deviating  from  this  are  to  be  noticed : — 

2.  The  type  of  the  occipital  extremity. 

3.  The  type  of  the  fossa  Sylvii. 

4.  The  type  of  the  ammon's  horn. 

5.  The  type  of  the  bulbus  olfactorius. 

1.  The  Oommok  or  Five-strata  Type  of  the  Cortex  Cerebri. 

The  most  common  constituent  of  the  first  stratum  is  the  basement-sub- 
stance, common  to  and  characteristic  of  the  gray  matter  of  the  brain,  which, 
under  a  moderate  magnifying  power,  appears  as  a  uniformly  punctated  tis- 
sue, peopled,  in  varying  degree  of  density,  by  ganglion-cells.  This  base- 
ment-substance is  called  by  Rokitansky  ependyma,  by  Yirchow,  neuroglia, 
by  Kblliker,  connective  tissue,  by  Deiters,  spongy  tissue,  by  Henle  and  R. 
Wagner,  fused  ganglion- cell  substance.  Occurring  in  the  olfactory  lobe  and 
ammon's  horn,  it  receives  from  Clarke  the  designation  of  gelatinous,  from 
Kupfer  that  of  molecular  substance.  Like  Henle  and  Wagner,  who  called 
this  stratum  the  central  covering  layer^  so  also  Stilling  regards  the  tissue 
which  is  completely  identical  with  this  as  a  nervous  tissue  when  it  ap- 
pears in  the  cerebellum,  and  sees  therein  nothing  but  a  felting  of  the  finest 
and  longest  drawn  out  nerve-cell  pi*ocesses. 

While,  in  order  to  be  consistent,  we  should  assume  that  a  quantitative  re- 
lation must  exist  between  the  thing  produced  (the  tissue  under  considera- 
tion) and  the  producers  (the  nerve-cells  which  are  regarded  as  spinning  out 
the  tissue),  the  following  fact,  of  comparative-anatomical  interest,  must  be 
looked  upon  as  an  argument  against  such  an  interpretation  of  the  nature  of 
the  substance  in  question,  viz.,  that  the  relation,  in  point  of  thickness,  be- 
tween the  four  inner  nerve-cell  laden  strata  of  the  cortex  and  this  outer  stra- 
tum, which  is  composed  essentially  of  this  basement-tissue  (Fig.  257),*  is  one 
which  varies  exceedingly  within  the  limits  of  the  Mammal  series.  In  tlie 
Human  brain,  for  example,  this  first  stratum  constitutes  but  ^ — \  part  only, 
in  that  of  the  capuchin  Ape  \ — |,  of  the  Dog  ^,  of  the  Cat  \,  of  the  Bat  ^,  of 
the  Calf  and  Deer  \  of  the  entire  thickness  of  the  cortical  substance.  Its 
absolute  thickness,  indeed,  which  in  Man  is  0.25  mm.,  increases  in  the  Bat  to 
0.30  mm.,  in  the  Calf  to  0.40,  and  in  the  Deer  to  0.60.  These  facts  accord 
much  better  with  the  theory  that,  side  by  side  with  the  nerve  elements  of 
the  cortex,  there  exists  a  uon-nervous  basement-substance,  which,  in  the 
noblest  brain  types,  is  overbalanced  and  thrown  into  the  shade  by  the  really 
active  elements. 

It  is  to  this  basement -tissue,  which  here  as  well  as  in  the  spinal  cord  is 
to  be  distinguished  from  the  non-nervous  constituent  of  the  white  substance, 
that  the  peculiar  textural  character  of  the  gray  substance  is  due.     That  the 

*  The  preparationB  here  designed  were,  without  exception,  after  being  hardened 
partly  in  a  soL  of  bichrom.  pot  2%^  partly  in  alcohol,  colored  with  cannine,  rendered 
tronsparent  with  turpentine,  after  withdrawal  of  the  water  by  means  of  absolute 
alcohol,  and  put  up  in  damarlack.     (Clarke's  method.) 
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nerve  cells  alone  could  not  give  to 
the  gray  substance  its  distinguish- 
ing character,  api>ear8  from  the  fact 
that  they  occur  here  and  there  iii 
the  medullary  substance  in  great 
numbers  (medullary  substance  of 
the  island  of  Reil  and  of  the  cap- 
sula  externa)  without  causing  the 
parts  to  appear  as  gray  substance. 
The  gi'eater  or  less  intensity  of  the 
gray  tint  of  the  cortex  is  at  the 
same  time  certainly  dependent 
(aside  from  its  richness  in  capilla- 
ries) upon  the  aggi*egation  of  nerve 
cells  which  act  as  pigment  bearers, 
so  that  strata  which,  like  No.  3  iii 
fig.  257,  are  comparatively  thinly 
peopled  with  the  latter,  appear  as 
more  or  less  well-defined,  bright, 
concentric  intermediate  lines. 

The  non-nervous  substance  con- 
sists of  an  amorphous  and  of  a 
formed  portion.  The  amorphous 
basement  portion,  but  slightly  co- 
lorable in  carmine,  has  (perhaps 
only  in  consequence  of  a  post-mor- 
tem change)  a  turbid  look,  owing 
to  the  presence  of  dark  molecular 
points  which  are  found  beside  the 
branches  of  the  finest  fibres  discov- 
erable by  the  highest  magnifying 
powers,  and  are  not  to  be  referred 
exclusively  to  cross-sections  of  the 
latter.  Deiters,  in  strict  obedience 
to  the  cell  theory,  refers  the  origin 
of  this  basement  substance  to  a  split- 
ting up  of  the  fused  protoplasm  of 
the  formative  cells,  a  process  which 
probably  took  place  at  a  time  when 
the  latter  had  not  yet  separated 
themselves  into  nervous  and  non- 
nervous  elements.  As  formed  cell- 
Fig.  257.  Tranapareni  section  from 
a  ttdciM  of  the  Sd  frontal  convolution. 
Man.  (Enlarged  100  times.)  1.  Stratum 
of  the  small  dispersed  cortical  elementa 
2.  Stratum  of  ihe  small,  closely  packed 
pyramidal  cortical  elements.  8.  Stra- 
tum of  the  laige  pyramidal  cortical  ele- 
ments (Ammon*8  horn  formation).  4. 
Stratum  of  the  closely  packed  cortical 
elements  (granule-like  formation).  5. 
Stratum  of  the  spindle-shaped  cortical 
elements  (claustrum  formation),  m. 
Medullary  substance. 
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equivalent  elements  belonging  to  this  tissue  he  recognizes,  in  the  cortex 
cerebri,  only  free  nuclei.  I  must,  however,  insist  upon  the  indisputable  fiict 
of  the  occurrence  here  of  the  star-shaped  ceUs,  with  very  litUe  protopla»ffiy 
and  a  great  nurnber  of  the  finest  possiUs  processes^  such  as  he  acknowledges 
to  occur  in  the  kindred  stroma  of  the  gelatinous  substance  of  the  spinal  cord 
and  oblongata,  a  fact  which  accords  with  Kolliker's  views  with  regard  to 
the  nature  of  this  substance.  Extremely  delicate  in  the  natural  state  (simu- 
lating free  nuclei),  these  cells  s^^ell  up  under  certain  pathological  conditions 
and  assume  grotesque  forms.  This  takes  place,  for  instance,  in  a  hypenemic 
condition  when,  owing  to  the  narrowing  of  the  perivascular  space  by  the 
distended  vessels,  the  drainage  of  the  interstitial  serum  is  interfered  with, 
and  to  a  still  greater  extent  in  cases  of  degeneration  of  the  lymph  glands  of 
the  head  and  neck.  Bodies  of  the  same  kind  are  those  which,  from  the 
borders  of  the  perivascular  lymph  spaces,  throw  the  bridge-like  threads 
(described  by  Eoth)  across  the  gaps.  According  to  this  explanation,  the 
basement  substance  of  the  gray  matter  is  traversed  by  a  network  made-up 
of  the  processes  of  non-nervous  cells.  The  nuclei  of  these  cells  measure  9—10 
fii.*  The  surface  of  this  first  cortex  stratum  is  invested  by  an  extremely 
delicate  layer,  composed  of  the  finest  varicose  mediiUary  nerve-fibres, 
which  run  across  each  other  in  every  direction  (Kolliker).  This  layer 
of  nerve-fibres  is  not  recognizable  as  such  in  section  preparations,  but,  as 
Amdt  has  observed,  the  presence  of  connective-tissue  fibres  which  run  pa^ 
rallel  to  the  sui*face  gives  a  dirty,  opaque  look  to  the  but  slightly  colorable 
border  of  the  first  stratum  of  the  cortex.  This  mere  suggestion  of  a  medul- 
lary layer  appears  on  the  gyrus  uncinatus,  developed  to  the  far  more  power- 
ful stratum  reticulare.  In  this  latter  position,  certainly,  and  probably 
wherever  it  occurs,  it  is  made  up  of  the  outwardly  directed  ganglion-ceU 
processes.  Through  the  entire  thickness  of  the  outer  stratum  of  the  cortex 
are  scattered  angular,  irregular  nervous  dements  with  forked  processes. 
They  are  characterized  as  such,  according  to  the  just  criterion  proposed  by 
Deiters,  by  the  presence  of  a  relatively  considerable  protoplasm,  recognizable 
at  the  first  glance. 

If  we  hold  in  mind  the  manifold  ramifications  of  the  nerve-cell  processes, 
discoverable  by  careful  inspection,  and  the  already  proven  instances  which 
may  f&irly  be  considered  as  typical  of  anastomoses  between  processes  of  cor- 
tical cells  (Amdt,  Besser),  we  are  led  to  the  further  assumption  of  the  exist- 
ence of  a  network  of  nerve-fibres  embedded  in  the  gray  basement  substance, 
and  forming  the  third  diffused  constituent  of  the  same.  The  considerations 
which  reconcile  the  assumption  of  such  a  general  anastomotic  fusion  in  the 
region  where  the  medullary  nerves  take  their  rise,  with  that  of  the  isolated 
conduction,  were  brought  forward  on  p.  651.  In  concluding  the  discussion 
of  the  general  characteristics  of  the  gray  substance  of  the  brain,  mention 
may  be  made  of  the  fact  that  the  nerve-cells  appear  as  sharply  defined  ele- 
ments in  the  gray  fibrous  network,  at  least  as  early  as  the  fifth  month  of 
development  (Amdt).  They  are  unmistakably  defined  as  the  permanent 
elements  by  the  parallelism  of  their  axes  with  the  nerve-fibres  of  the  corona 
radiata,  an  arrangement  which  (v.  fig.  257,  3)  is  so  characteristic  of  the 
structure  of  the  cortex. 

In  spite  of  the  recognition  of  the  existence  of  these  cells  at  such  an  early 
period  of  development,  Arndt  considers  himself  justified  in  confirming  the 
statement  made  by  Bessers,  that  at  the  time  of  birth  the  nerve-elements 
have  degenerated  to  the  transition  state  of  nuclei  surrounded  by  an  ill-defined 

*  fi  z=  j^jj  millimetre. 
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mass  of  fibix)ii8  twigs  (uncontourirten  Reisemetzen),  and  that  tlie  central 
part  of  this  mass  becomes  afterwards  transformed  again,  as  it  were,  to  proto- 
plasma.  I  feel  obliged  to  consider  this  surprising  conclusion  as  surely  not 
deduced  from  a  study  of  ty|)ical  specimens,  for  on  section  preparations  from 
the  cortex  cerebri  of  new-bom  Children,  the  most  characteristic  permanent 
forms,  and  their  universal  distribution,  are  too  immistakably  and  easily 
demonstrated. 

The  structural  variations  between  the  different  concentric  strata  of  the 
cortex  depend,  first,  on  the  differences  in  the  density  of  distribution,  and, 
second,  on  the  differences  in  the  form  of  the  nervous  elements.  The  pyra- 
midal form  (fig.  258,  a,  b),  the  only  one  recognized  by  many  observers 
(Luys,  Amdt,  Stephany),  is  the  predominant  form  within  the  five-strata 
type,  being  represented  in  its  second  stratum  by  small,  closely  crowded  ele- 
ments, 10  (Jk  in  height,  and  in  its  third  by  cells  which,  as  they  pass  toward 
the  inteiior,  constantly  increase  in  size  till  they  attain  a  height  of  40  |ul,  at 
the  same  time  always  increasing  their  distance  from  one  another.  If  it  be 
called  to  mind  that  the  roots  of  the  anterior  spinal  nerves  are  connected,  at 
their  origin,  with  elements  which,  through  the  slendemess  of  their  body,  the 
gradual  character  of  its  transition  into  the  protoplasm  of  tiie  processes,  and 
the  great  number  and  size  of  the  latter,  are  sharply  distinguished  from  the 
inflated  cells  of  origin  of  the  posterior  roots,  scantily  provided  with  rather 
slender  processes,  it  is  impossible  not  to  recognize  the  existence  of  a  morpho- 
logical relationship  between  the  pyramids  of  the  cortex  and  the  fonner  of 
these  cell-elements  just  referred  to,  a  relationship  which  embraces  the  ceUs 
of  origin  of  all  the  cerebral  motor  nerves,  and  which  justifies  us  in  drawing 
a  conclusion  by  analogy  as  to  the  signification  of  the  pyramids  of  the  cortex. 
The  larger  elements  of  this  third  stratum,  inasmuch  as  they  represent  tho 


Fig.  258. 


Fig.  258.  a,  Common  mutilated  form  of  pyramid,  with  angular  nudcas  and  forked 
axia-pTOcess.  &,  True  form  of  the  elements  of  the  second  and  third  strata  of  the  cor- 
tex, represented  by  one  of  the  laige  oells  of  the  ammon^s-hom  formation  with  angular 
nndens.  **,  The  curtailed  aziB-prooess.  *,  The  middle  base-process,  e^  Elements 
of  the  fourth  stratum  of  the  cortex,  d,  Spindle-shaped  cortical  element  of  the  fifth 
stratum,  with  spindle-shaped  nudeua  d,  Elements  of  the  so-called  keznd-stratum 
of  the  cortex  oerebelli. 
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cells  by  whicli  tlie  ammonVliom  is  almost  esclusively  peopled,  receive  the 
name  of  a/mmoiC  %-hoTn  ffyrmaJtion, 

The  simple  pyramidal  form  (fig.  258,  a)  under  which  the  cells  are  most 
commonly  to  be  seen  is  a  deceptive  form.  Their  true  shape  ify^,  258,  5)  is 
that  of  a  spindle  whose  long  axis  lies  in  the  same  direction  with  the  radiat- 
ing fibres  of  the  medullary  substance  of  the  convolution.  Towards  the  outer 
surface  of  the  cortex  this  spindle-cell  runs  out  into  a  powerful  external 
(and,  according  to  M.  Schultze,  *  a  branched)  process,  which,  remaining  (ac- 
cording to  Koschewnikolf)  undivided,  represents  the  axis-cylinder  process 
as  described  by  Kemak,  M.  Schultze,  and  Deiters.  From  the  thickest  part 
of  the  spindle  there  pass  off  lateral  branching-processes,  to  the  number  of 
5 — 7,  which,  as  well  as  the  external  terminal  processes,  have  been  proved  to 
anastomose  with  other  processes.  The  designation  of  cortical  pyramid  being 
accepted,  we  may  distinguish  the  three  varieties  of  process  as  1st,  the  apex- 
process  ;  2d,  the  central  base-process ;  3d,  the  corner  base-process. 

The  central  base-prooen,  being  rarely  found  in  the  Human  brain,  is  held  by  Axndt 
to  be  a  monstrosity,  while  in  the  brain  of  the  Bat  and  the  Sheep  he  oonsiders  its  occur- 
rence as  regular.  The  reason  of  its  less  frequent  appearance  is  this :  that  being  des- 
tined to  pass  into  a  fibre  of  the  medulla,  the  direction  of  its  course  is  determined  by 
that  of  tiiese  fibres,  which  by  no  means  run  in  the  same  straight  line  with  the  apex- 
process.  In  sections,  therefore,  made  by  cuts  laid  parallel  to  tiiat  surface  of  the  cor- 
tex which  is  obtained  by  simply  breaking  hardened  preparations  grained  in  parallel 
lines  by  the  radiating  apex-processes,  the  process  in  question  must  often  be  lopped 
off,  and  the  grater  be  the  thickness  of  the  entire  hemisphere,  and  the  more  distant 
the  ganglionic  end  of  the  medullary  projection-fibre  concerned,  from  its  cortical  end, 
the  more  likely  is  this  lopping  off  to  occur.  Perhaps  the  great  brittleness  which 
characterizes  the  axis-cylinder  processes,  is  the  cause  of  their  not  being  more  often 
obtained  by  preparation  with  needles  (Zupfpreparate). 

The  nerve-cells  of  the  cortex  are  devoid  of  membrane ;  and  Max  Schulze 
has  observed  on  their  protoplasm  also  the  granulated  fibrous  structure  de- 
scribed in  Chapter  III.  The  younger  the  subject,  and  the  greater  the  pro- 
bability that  his  brain  is  in  a  normal  condition,  the  more  rarely  are  round 
or  oval  nuclei  to  be  found  enclosed  within  the  protoplasm  of  the  pyramids, 
or  in  that  of  the  spindle-cells  to  be  described  later.  Instead  of  being  round, 
the  nuclei  are  angular,  i.  e.,  pyramidal  or  spindle-shaped,  according  to  the 
form  of  their  respective  protoplasms,  and  run  out  into  sharp  ends  {^.  258 
a,  6,  d).  The  comers  and  points  often  project  into  the  cell-processes,  which 
does  not  favor  the  opinion  held  by  Arnold  that  the  nuclei,  originally  blad- 
der-shaped, were  remodelled  by  the  pressure  of  the  protoplasma  into  its 
own  form.  If  Beale's  description  of  an  optically-dense  layer  of  protoplasma 
surrounding  the  nucleus,  be  considered  in  connection  with  that  given  by 
M.  Schulze  of  the  concentric  protoplasmic  fibrillte,  wliich  converge  toward 
the  cell-processes,  another  valuable  argument  is  furnished  for  the  fact  of  the 
existence,  within  the  pyramidal  or  spindle-shaped  cell,  of  a  smaller,  denser 
pyramid  or  spindle  of  similar  shape.  Being  itself  a  part  of  the  proto- 
plasm, this  angular  enclosed  body  would  naturally  extend  into  the  proto- 
plasm of  the  processes. 

For  my  own  part,  without  offering  any  interpretation  thereof,  I  have  objectively 
satisfied  myself  of  the  common  occurrence,  throughout  the  entire  central  system,  of 
angular  nuclei  in  the  nerve-cells  which  take  the  form  of  the  surrounding  protoplasm, 
and  Dr.  Ernst  Fleischl  has  kindly  shown  me  sections  from  the  spinal  cord  of  the  Fish 
which  contained  the  same  nudei  forms  as  I  had  observed  in  the  Human  spinal  oord. 

♦  Chap,  ra.,  p.  189. 

Digitized  by  VjOOQ IC 


NBBVE  CELLS  OF  THE  CORTEX.  665 

The  nucleoli  appear  round  and  glistening,  and  in  carmine  preparations, 
by  force  of  contrast,  surrounded  by  a  bluish-green  border. 

The  fact  that  kernel-like  and  spindle-shaped  forms,  in  addition  to  the 
pyramidal,  are  to  be  found  in  the  cortex  cerebri,  was  known  even  to  Berlin. 
I  have  already  shown  that  these  forms,  among  which  a  certain  number  of 
the  larger  pyramids  are  interspersed,  give  to  the  4th  and  5th  strata  of  the 
coi-tex  their  distinguishing  characteristics.  The  elements  of  the  4th  stra- 
tum (fig.  2585)  are  either  irregular  (8  to  10  /a  in  length),  or,  more  rarely, 
triangular,  or  elongated  in  the  direction  of  the  course  of  the  radiating  nerve 
fibres  {^g.  258  c).  These  elements  are  more  closely  crowded  than  are  those 
of  the  neighboring  3d  and  4th  strata. 

They  call  to  mind  the  nerre-elements  which  people  the  inner-grannlar  stratum  of 
the  retina,  and  the  gelatinous  Bubfitance  from  which  the  greater  root  of  the  quintus 
takes  its  rise. 

The  peculiar  elements  of  the  5th  stratum,  the  spindles  30  fi  in  length 
{^g.  258  d)y  are  to  be  found  the  most  free  from  admixture  with  other  forms 
in  the  inner  half  of  this  stratum,  and  also  scattered  through  the  medullary 
substance  (m)  in  the  neighborhood.  At  the  summit  of  the  convolutions 
these  spindle-cells  stand  on  end,  parallel  to  the  pyramids,  but  around  the 
sulcus  between  two  convolutions  they  lie  flat  (fig.  257,  5),  so  that  the  pyra- 
mids stand  as  it  were  perpendicularly  upon  them.  Just  as  the  pyramids 
lie  in  the  direction  of  the  coui-se  of  the  projection-sjrstem  fibres,  so  the  spin- 
dles of  the  5th  stratum,  in  virtue  of  their  twofold  position,  lie  exactly  in 
the  course  of  the  fibrse  arcuatie,  which,  in  passing  the  sulcus  between  two 
convolutions,  cross  the  path  of  the  projection-system  fibres,  becoming  again 
parallel  with  them  in  the  convexity  of  the  convolution. 

This  disposition  of  the  spindle-cells  justifies  us  in  regarding  them  as  arti- 
culating cells  of  the  association-system  (v.  p.  655).  They  deserve  also  the 
designation  daiistrum^farmcUion,  because,  as  will  be  shown  below,  the 
clanstrum  presents  forms  of  just  the  same  kind  with  these,  though  more 
compactly  disposed. 

These  cells  should  not,  however,  on  account  of  their  spindle  form,  be  re- 
garded as  bipolar  cells ;  for  it  is  evident  that  they  send  out  lateral  pro- 
cesses, which,  however,  appear  to  me  to  be  collectively  directed  toward  the 
surface  of  the  cortex,  and  therefore  not  to  effect  an  immediate  connection 
between  these  cells  and  the  projection-system  of  the  medulla. 

The  medullary  substance  of  the  convolutions  gathers  itself,  even  within 
the  limits  of  the  cortex,  into  recognizable  radiating  bundles,  which  are  to  be 
seen  on  section  preparations,  from  the  inner  half  of  the  3d  stratum  onward, 
separating  the  cell-masses,  in  their  passage,  into  columnar  groups.  The  di- 
vision of  a  medullary  fibre  within  the  coi-tex  (or  rather  its  formation  out  of 
the  processes  of  two  cells)  I  have  seen  once  with  distinctness.  On  the  other 
hand,  a  union  of  the  fibres  into  a  network,  which  Stilling  describes  as  occur- 
ring in  the  cerebellum,  certainly  never  takes  place  in  the  medullary  substance 
of  the  convolutions.  Fibne  arcuatie,  as  well  as  fibres  of  the  radiate  system 
(corona  radiata),  are  to  be  found  embedded  in  th.e  gray  matter  of  the  cortex. 
They  occur,  however,  but  rarely,  and  I  have  never  been  able  to  find  them 
so  densely  disposed  as  to  be  visible  to  the  naked  eye  under  the  form  of  bright 
(devoid  of  pij^ent)  concentric  lines  (KoUiker).  The  nerve  fibres  of  the 
cerebral  lobes  are  fine,  varying  in  diameter,  according  to  KoUiker,  from 
2.6 — 6.7  fi.  The  connective  tissue  of  the  medullary  substance  is  made  up 
of  a  reticulum  of  rather  large  connective-tissue  cells,  furnished  with  thick 
processes,  and  simulating  free  nuclei  more  rarely  than  do  the  corresponding 
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cells  of  the  cortex.  They  are  ranged  parallel  to  the  nerve  fibres.  Finely- 
granular  basement  substance  seems  to  be  wanting  to  the  fully  developed 
brain,  but  during  the  period  of  evolution  it  is  present,  and  probably  gives 
rise  to  the  rather  gray  than  medullary  look  of  the  immature  brain. 

2.  At  the  extremity  of  the  occipital  lobe,  and  within  the  neighboring 
sulcus  of  the  median  sur&ce,  the  stdcfos  hippocampi^  corresponding  to  whose 
concavity  there  is  a  convex  elevation  which  projects  as  hippocampus  minor 
on  the  thin  inner-wall  of  the  posterior  horn  of  the  lateral  ventricle,  a  struc- 
tural type  of  another  kind  prevails.  No  longer  the  pyramids,  but  the  kernel- 
like  bodies  are  here  the  ruling  forms  (Komerformation).  The  pyramids 
constitute  only  one  stratum  (the  2d)  which  contains  cells  of  moderate  and 
about  equal  size,  and  thus  the  forms  of  the  former  4th  stratum,  as  it  were, 
appear  here  as  the  3d.  This  broad  and  crowded  3d  stratum,  however  (Ker- 
nelformation),  is  split  up  by  the  insertion  of  two  barren  (thinly-peopled) 
intermediate  strata  (kahle  Zwischenkomerschichten),  so  that  a  zone  results 
made  up  of  five  different  layers  of  tissue,  within  which  the  kernel-like 
formation  (which  occurs  but  once  in  the  first-described  structural  type) 
appears  three  times.  Upon  the  innermost  kernel  (or  granular)-stratum  there 
follow  the  spindles. 

This  cortex  type  is  thus  made  up  of  eight  strata.  The  two  barren  inter- 
mediate strata  seem  to  blend  together,  and  appear  as  a  single,  perfectly 
constant  stripe  (rendered  white  by  the  absence  of  pigment),  which  in  this 
region  is  defined  with  an  unusual  sharpness,  and  the  intervening  granular 
stratum,  by  reason  of  its  narrowness,  is  lost  in  the  general  effect.  Within 
these  thinly-peopled  strata  are  to  be  found,  occurring  either  alone  or  in  small, 
widely-separated  groups,  pyramids  of  the  very  largest  size,  twice  as  large  as 
those  of  the  ammonVhorn  (solitary  cells).  In  the  Ape's  brain,  which  is 
characterized  by  excessive  development  of  the  occipital  lobe,  the  limits  of 
distribution  of  the  structural  type  just  described  are  wider  than  in  the 
Human  brain. 

Clarke  took  this  formation  of  the  occipital  extremity  as  the  typical  stroctore  of  the 
cortex,  and  describes,  recognizably,  the  two  barren  strata.  Sinoe  however  he,  as  well 
as  many  other  authors,  does  not  regard  the  granules  (Edmer«  kernels)  and  the  spindles 
as  distinct  forms,  he  describes  the  outer  and  inner  starata  of  the  granular  formation  as 
parts  of  the  neighboring  pyramid-  and  spindle-layers  respectively,  and  reckons  in  con- 
sequence but  6  coitioal  strata  instead  of  8. 

3.  In  the  type  oftfisfoem  Sylvii^  the  third  form  of  the  cortical  cell,  the 
spindle  attains  to  predominant  development,  as  is  to  be  seen  in  the  claus- 
trum,  apd  in  the  nucleus  amygdalae.  The  claustrum,  which  is  as  it  were  a 
layer  of  the  innermost  stratum  of  the  cortex,  cut  off  from  the  main  body  of 
the  same  and  separated  from  the  nucleus  lenticularis  by  the  thin  layer  of 
medullary  substance  of  the  capsula  externa  (fig.  256,  266, 268  Cl.)y  lines  the 
convolutions  of  the  island  of  Reil,  and  accompanies,  in  fan-like  folds,  their 
curves.  Having  passed  the  limits  of  the  island,  the  claustrum  bends  over 
into  the  cortex-wall  which  surraunds  the  fossa  Sylvii,  upwards  into  the 
operculum  (frontal  end  of  Ist  convolution  *  ),  downwards  into  the  1st  tem- 
poral convolution.  At  the  same  time  it  stretches  itself  forward  (as  shown 
in  fig.  256),  bent  into  the  form  of  a  clamp,  into  the  frontal  and  into  the 
temporal  ends  of  the  convolution  arch  which  surrounds  the  fossa  Sylvii 
(erster  Urwindungsbogen). 


*  For  method  of  numbering  convolutions,  see  next  paragraph.    (Trahs.) 
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The  col  de  sac  of  the  foBsa  Bjhm,  together  with  the  false  arch  (v.  p.  658)  which 
encloses  it  like  a  wall,  a  district  defined  and  consolidated  to  a  morphological  nnit  by 
the  clanstrum,  and  which  finds  its  analogy  in  all  Mammal  brains,  constitutes  the 
form-determining  centre  of  the  convexity  of  the  cerebrum.  Not  only  therefore  did 
Leoret,  ajs  the  discoverer  of  the  typical  disposition  of  the  convolutions,  have  a  right 
to  create  a  terminology  therefor,  but  also,  as  has  just  been  ^own,  that  method  is  the 
true  one  which  takes  the  region  in  question  for  a  central  point  in  numbering  the 
convolutions.  *  Buschke,  in  his  valuable  work,  followed  Leuret's  lead.  This  mode  of 
numbering  does  not,  like  that  which  has  been  popular  since  the  time  of  Wagner,  lead 
to  the  morphologiciEtl  absurdity  involved  in  destroying  the  unity  of  the  convolution- 
arch  marked  out  by  the  claustrum  (the  1st  original  convolution),  by  dividing  it  like 
patchwork  into  a  3d  frontal  and  a  1st  temporal  convolution,  and  further  in  designa- 
ting the  so  well  defined  inferior  frontal  convolution  with  a  different  number  in  different 
animals ;  for  the  number  of  the  frontal  convolutions,  and,  in  consequence,  the  designa- 
ting number  of  the  lowest,  varies  within  the  Mammal  series  between  2  and  4. 

The  claustrum  appears  on  cross  sections  of  the  frontal  lobe  under  the 
form  of  a  bent  cone  with  its  base  turned  downwards.  This  thickening  of 
its  lower  part  is  most  strongly  marked  where,  crossing  the  base  of  the  island, 

Fig.  259. 


Fig.  250.  Transparent  section  from  the  Human  ammon^s  horn  ;  from  the  middle  of 
its  length  (5  x  ).  S^  subiculum  oomu  ammonis.  Tar,  fascia  dentata  Tarini.  F,  fim- 
bria ;  A,  alveus  ;  ec,  stratum  convolutum,  containing  the  large  pyramidal  elements ; 
r,  stratum  radiatum ;  I,  stratum  lacunosum ;  m,  lamina  meduUaris ;  rt,  substantia 
reticularis ;  arc,  layer  of  the  crowded  nerve -cells  in  the  fascia  dentata  ;  B,  cortical 
substance  of  subiculum.  [arc  in  this  fig.  refers  to  the  dark  layer  over  which  these 
letters  stand.    Translator.] 

the  claustrum  enters  the  temporal  lobe.  Here  appears  a  rounded  mass  (the 
nucleus  HmygdalflB  fig.  256  A)j  having  the  same  structure  with  the  claustrum, 
to  the  base  of  which  it  is  connected  by  means  of  transition  masses,  which 
may  be  considered  with  equal  justice  as  belonging  to  the  latter  or  to  the 
former.  This  mass  forms  the  anterior  wall  of  the  inferior  horn  of  the 
lateral  ventricle   (fig.  256  in/,)      The  entire  spindle-cell  formation  which, 


*  So  that  the  convolution  immediately  surrounding  the  fossa  Sylvii  is  called  in  its 
whole  leogth  Ist  convolution,  etc.    (Trans.) 
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Fig.  260. 


spread  out  along  the  walls  of  the  fossa  Sylvii,  finds  its  termination  in  the 
amygdala,  may  he  conceived  of  as  distributed  in  tlie  form  ofafan^  unfolded 
in  a  plane  parallel  to  the  su/rface  of  the  island.  Its  edges  are  bent  over  {to 
enter  tJie  Ist  primitive  convolutionrorchy  as  described)  and  its  handle  termi- 
nates in  a  haU-sJiaped  hody^  tlie  nucleus  amygdalce. 

That  this  formation  should  not  be  reckoned  among  the  ganglia  as  '^  corpus 
striatum  externum  "  (Arnold)  is  shown  by  its  connection  (to  be  further  de- 
veloped below)  with  the  fibrse  arcuat&e  of  the  hemispheres,  which  latter  are 
characterized  by  being  associated  exclusively  with  cortical  substance. 

The  fact  that  the  cortex  cerebri  passes  in  unbroken  continuity  over  the 
nucleus  amygdalas,  gives  the  latter  the  deceptive  look  of  being  part  of  an 
entirely  foreign  formation,  the  ammon^s  horn,  which  it  assists  to  form  the  so- 
called  hook  of  the  gyrus  fomicatus  (gyrus 
uncinatus). 

4,  The  amnuyn^s  horn  formalion.  The 
temporal  end  of  tlie  gyrus  fomicatus,  the 
gyrus  uncinatus,  or  subiculum  comu  am- 
monis,  together  with  the  ammon's  horn  it- 
self, has  been  shown  (p.  658)  to  be  a  part 
of  the  primitive  ring  of  the  median  hemis- 
pheric surface,  around  whose  lumen  the 
cortical  substance  ends  with  a  free  edge. 
ThLs  free  edge,  throughout  the  greater  part 
of  the  length  of  the  ammon's  honi,  is  rolled 
inward  upon  itself,  so  as  to  form  an  ^ 
shaped  cui-ve.  The  starting-point  of  thi« 
curve  is  (v.  fig.  259)  the  convolution  S^ 
the  suhiciUum  comu  ammonis.  Upon  the 
latter  lies  the  free  edge  of  the  cortex  men- 
tioned above,  folded  back  to  the  starting- 
point  to  foi-m  the  fascia  dentata  Tarini 
(  7'ar)  (the  beak  of  the  S).  Between  the 
subiculuzi  and  the  fascia  dentata,  is  dis- 
posed in  unbroken  continuity  the  cortical 
substance  of  the  rolled  stratum  (stratum 
convolutum  c  c),  forming  the  body  of  the 
S.  Its  first  curvature,  invested  with  the 
(AA)  medullary  substance  of  the  alveus 
(Muldenblatt),  forms  a  rounded  promi- 
nence on  the  inner  wall  of  the  inferior 
cornu.  The  membranous  medullary  sub- 
stance of  the  alveus  gathers  itself  into  a 
cord-like  mass,  the  fimbria  (F)y  the  princi- 
pal origin  of  the  fornix.  This  cord  forms 
the  third  of  the  four  longitudinal  promi- 
nences of  the  ammon's  hoi-n,  represented 
here  in  cross-section,  whose  development 
finds  its  explanation,  moi-phologically 
speaking,  in  the  process  of  involution  jiist 
described.  The  subiculum  receives  a  network-like  medullary  investment 
analogous  to  the  medullary  veil,  so  to  speak,  which  covers  the  cortical  sur- 
face of  the  rest  of  the  brain,  but  far  more  strongly  developed  than  that  is, 
in  the  form  of  the  substantia  reticularis  (Arnold)  (fig.  259  rt).  This  medul- 
lary investment  appears  also  on  what,  except  for  the  involution  process, 


Fig.  260.  Scheme  representing 
structure  of  the  stratum  convolutum 
of  the  ammonis  horn,  together  with 
the  medullary  substance  of  the  al- 
veus and  of  the  lamina  medullaris ; 
m,  lamina  medullaris  with  its  very 
small  nerve -cells,  =  stratum  1  of  the 
five-strata  oortical  type ;  L  region  of 
the  stratum  lacunosum,  with  a  net- 
work formed  of  the  apex-processes  of 
pyramidal  cells,  =  stratum  2;  r, 
stratum  radiatum,  which  corre- 
sponds to  the  outer  half  of  stratum 
8 ;  C,  pjrramids  of  stratum  convolu- 
tum, oorresponding  to  inner  half  of 
stratum  8  of  the  above-mentioned 
oortical  type  ;  A^  alveus,  =  medul- 
lary substance  of  the  convolutions, 
belonging  to  the  projeotion-^stem, 
which  in  this  region,  through  failure 
of  the  kernel  and  spindle  strata,  is 
brought  into  direct  connection  with 
the  pyramid  stratum  (7. 
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would  be  the  free  sur&ce  of  the  strattim  convolutum,  fiUing  in  reality  (as  is 
to  be  seen  in  fig.  259)  the  fold  between  the  subiculum  and  fascia  dentata, 
where  it  forms  the  lamina  meduUaris  (Kemblatt)  (m). 

This  involution  of  the  cortex  of  the  ammon^s  horn,  which  takes  place  in  a  horizon- 
tal plane,  seems  anable  to  account  for  the  apparently  longitudinal  crook  by  which 
the  Tmcos  is  formed.  This  hook^like  form  is  produced  as  follows.  At  the  anterior 
extremity  of  the  ammon's  horn  the  /S-shaped  stratum  oonvolutnm  unfolds  itself, 
retaining  only  the  form  of  a  gently  undulating  curve,  the  prominences  of  which  ap- 
pear in  relief,  as  the  so-called  claws  (digitationes  pedis  hippocampi  majoris).  Thus 
unfolded,  the  free  border  of  the  stratum  convolutum  (as  seen  from  within,  ».  e.^  from 
the  median  line)  projects  for  a  short  distance  above  the  surface  of  the  subiculum, 
forming  the  point  of  the  hook,  while  the  nucleus  amygdalae,  thrust  in  in  front  of  the 
ammon^s  horn  (fig.  256  H,  A),  rounds  off  the  extremity  of  the  gyrus  unclnatus.  (This 
makes  it  appear  as  if  bent  longitudinally  upon  itself,  thus  giving  its  curve  to  the 
hook,  of  which,  as  has  been  said,  the  subiculum  comu  ammonia  forms  the  long  arm, 
and  the  projecting  stratum  convolutum  the  short  arm  and  point — Trans.) 

The  ammon's  horn  is,  only  as  regards  its  gross  conformation,  a  less  simple 
structure  than  are  the  other  convolutions ;  as  regards  its  textural  stratifica- 
tion and  the  variety  in  foi-m  of  its  cells  it  is  the  simplest  of  the  cerebral 
convolutions,  a  defective  formation  containing,  of  all  the  cortical  forms, 
that  of  the  pyramid  alone. 

Even  in  the  cortical  substance  of  the  subiculum,  the  pyramids  of  greater 
and  less  dimensions  are  the  only  forms  to  be  found.  Absence  of  tlie  spin- 
dle-cell formation  deprives  the  different  parts  of  the  cortex  in  this  region  of 
one  of  their  means  of  mutual  communication,  but  at  the  same  time,  in  com- 
pensation therefor,  as  it  were,  the  membrana  alba  involvens,  which  fur- 
nishes the  other  means  of  mutual  communication,  and  which  is  so  scantily 
developed  over  other  regions  of  the  cortex  {y,  p.  662),  appears,  on  the  sur- 
hce  of  the  subiculum,  much  moi'e  fuUy  developed,  as  the  substantia  reticu- 
laris (fig.  259,  rt).  The  external  contour  of  the  2d  stratum  of  the  cortex 
in  this  region  appears  here  and  there  defective  (fig.  259,  S-S )  by  reason 
of  the  passage  of  the  apex-processes  of  large  pyramidal  cells,  which  even 
Amdt  acknowledges  to  divide  into  branches  in  this  region,  running  in  bun- 
dles to  carry  their  contingent  to  the  formatio  reticularis.  The  stratum 
convolutum  in  the  interior  of  the  ammon's  horn  proper  (c,  c,  c,)  is  made  up 
exclusively  of  the  very  largest  pyramidal  foims,  viz.,  of  such  as  characterize 
the  inner  half  of  the  3d  stratum  of  the  cortex.  Finally,  in  the  region  of 
the  fascia  dentcUa  appear  the  smaller  forms,  closely  crowded  together  in  a 
manner  peculiar  to  this  formation ;  for  in  the  other  parts  of  the  cortex  they 
lie  at  an  average  distance  of  100  fi  from  each  other.  {Strat/um  corporum 
nerveorum  artarumy  arc).  To  this  density  of  their  distribution  it  is  to  be 
ascribed  that  K^pfer^  K'oLlikeTy  and  DeiterSy  overlooking  the  delicate  and 
therefore  indistinctly-outlined  protoplasm  which  covers  them,  observed  in 
this  cell-formation  only  those  nuclei  which  are  invariably  bladder-shaped. 
The  connectile  stratum  granuLosumy  described  by  them,  does  not  really  exist 
as  such,  and  that  which  was  erroneously  so  called  consists,  as  Amdt  cor- 
rectly observed  of  the  protoplasm,  of  nerve-cells.  In  the  structure  of  the 
ammon's  horn,  which  is  defective  as  regards  its  nerve  elements,  the  stratum 
of  the  non-nervous  basement  substance  is  represented  in  its  full  breadth,  as 
is  diagrammatically  represented  in  fig.  260  (to  be  compared  with  fig.  259). 
By  following  the  external  contour  of  the  cortex  of  the  subiculum  we  come 
to  the  lamina  medullaris  (Kemblatt),  which  represents  the  external  layer  of 
the  typical  cortex  enclosed  in  the  fold  made  by  the  stratum  convolutum ; 
the  1st  cortex-stratum  (m).     The  small  scattered  cells  of  this  stratum  are 
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generally  difficult  of  recognition,  and  lie  parallel  to  the  course  of  the  fibres 
of  the  lamina  medullaris. 

The  2d  typical  cortex-stratum  to  which  the  small  pyramids  are  wanting 
is  represented  by  the  stratum  lacunosum  (I)  (stratum  reticulare  of  Kup- 
fer).  The  gaps,  indicated  at  l,  fig.  259,  represent  perivascular  spaces 
which  form  a  close  network  about  a  system  of  anastomosing  capillaries, 
within  which  latter  system  the  vessels  of  the  lamina  medullaris,  coming 
from  the  pia  mater,  meet  and  join  those  coming  from  the  ependyma  on  the 
ventricular  surface  which  belong  to  the  medullary  substance  of  the  alveus 
{A A).  In  this  stratum  the  axis-processes  of  the  pyramids  anastomose  to 
form  a  nervous  network  (as  represented  in  the  diagram). 

3.  The  place  of  the  outer  half  of  the  3d  typical  cortex-stratum,  whose 
pyramids  of  middle  size  are  here  not  represented,  is  supplied  by  a  layer  of 
tissue  characterized,  as  Kupfer  observed,  by  being  ruled  in  parallel  lines  by 
the  long  apex -processes  of  pyramid  cells  (stratum  radiatum).  Next  follow 
the  pyramids  of  the  inner  half  of  the  3d  cortex-stratum,  which,  disposed  in 
several  layers  one  above  the  other,  constitute  the  characteristic  formation 
of  the  ammon's  horn  (c).  The  gaps  which  are  often  to  be  seen  around  the 
individual  nerve-cells,  and  the  formation  of  which  is  usually  ascribed  to  a 
retractioil  of  the  tissue  consequent  on  the  process  of  hardening,  are  especi- 
ally noticeable  around  these  large  pyramids,  and  are  looked  u)K>n  by  H. 
Obersteiner  as  pericellular  lymph  channeU.  He  even  succeeded  in  injecting 
them,  and  saw  them  on  section  preparations,  opening  into  the  perivascular 
spaces,  and  containing  bodies  which  he  regards  as  undeveloped  lymphoid 
elements. 

The  4th  and  5th  strata  of  the  regular  cortex-type  are,  in  the  Human 
ammon's  horn,  devoid  of  non-nervous  substance,  while  in  that  of  certain 
animals  (Cat,  Rabbit)  a  layer  of  this  substance  is  certainly  present  (Kupfer's 
stratuni  molecuiare).  This  accounts  for  the  fact  that  the  immediate  .union 
of  the  alveus  with  the  pyramid-cells,  which  takes  place  in  the  Human  brain, 
escaped  Kupfer's  notice,  since  this  union  is  brought  about  in  animals  by 
means  of  his  stratum  molecuiare.  The  alveus  {A)  is  made  up  of  the 
medullary  substance  belonging  to  the  cortex  of  the  ammon's  horn,  and,  like 
other  parts  of  the  medullary  substance  of  the  hemispheres  in  similar  posi- 
tions, it  is  invested  with  an  epithelial  lining,  that  of  the  lateral  ventricle. 
Clarke  has  described  the  epithelium  of  the  cavity  of  the  bulbus  olfactorius, 
declaring  it  at  the  same  time  to  be  identical  in  kind  with  that  lining  the 
central  canal  of  the  spinal  cord,  as  belonging  to  the  palisade  variety,  and 
tapering  off  into  thread-like  prolongations  which  connect  with  certain  ker- 
nel-like bodies,  placed,  by  Stilling  only,  in  the  category  of  nervous  elements. 
I  believe  this  variety  of  epithelium  to  be  characteristic  of  the  ependyma  of 
the  brain  wherever  it  occurs,  and  have  convinced  myself  thereof  so  far  as 
the  surfaces  of  the  corpus  striatum,  thalamus  opticus,  and  corpus  callosum 
are  concerned,  while  Gerlach  has  traced  cylinder-epithelium  to  within  the 
aqueductus  Sylvii.  With  regard  to  the  pavement  epitoelium,  reported  by 
other  observers  as  having  been  found  in  the  ventricles,  it  is  to  be  remarked, 
1st,  That  the  evidence  obtained  from  a  bird's-eye  view  of  the  epithelium  is 
not  conclusive  ;  and  2d,  that  in  making  thin  sections  perpendicular  to  the 
surface  it  easily  happens  that  the  delicate  extremity  of  the  epithelial  cell  is 
cut  off,  together  with  its  thread-like  prolongation,  as  was  mentioned  with 
regard  to  the  processes  of  the  nerve-cells  of  the  cortex.  The  walls  of  the 
camera  septi  pellucidi,  like  the  median  surfaces  of  the  hemispheres  to  which 
they  in  reality  belong,  are  devoid  of  epithelium. 

5.   The  formation  of  the  bulbus  olfactorius.     The  anterior  half  of  the  ring 
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formed  during  the  evolution  period  by  the  median  surface  of  the  hemi- 
sphere (v.  p.  658)  becomes  the  olfactory  lobe,  which  receives,  in  the  Human 
brain,  the  inappropriate  name  of  the  olfactory  nerve.  It  consists  of  a  diver- 
ticulum from  the  hollow  globe  of  the  hemisphere,  is  itself  hollow  like  the 

Fig.  261. 


Fig.  261.  Transparent  profile  section  from  the  brain  of  a  Dog,  FO^  cerebral  lobe ; 
8y  transveise  branch  of  the  sulcnB  cruciatus  of  Learet.  (▼.  p.  658,  gyros  fomicatuB  in 
the  lower  Mammals) ;  F,  frontal  lobe,  formed  by  the  gyrus  fomicatus ;  R^  lobns 
olfactorius  ;  R\  bnlbns  olfactorins  ;  VV,  cavity  of  lobns  olfactorius  in  commnnica- 
tion  with  the  lateral  yentricle ;  C(7,  the  portion  of  medullaiy  substance  of  the 
olfactoiy  lobe  that  is  destined  to  enter  the  anterior  commissure,  and  the  section  of 
the  anterior  commissure  which  stretches  out  to  meet  the  nerve  fibres  in  question. 
The  entire  course  of  this  group  of  fibres  has  the  shape  of  a  curve  with  its  convexity 
turned  outwards,  and  the  summit  of  this  curve  lies  outside  of  the  section ;  m,  me- 
dullary substance  of  the  bulbus  olfactorius ;  m^rn*,  medullaiy  substance  of  the 
olfactory  lobe,  destined  for  the  corpus  striatum  (nucleus  caudatus);  Z,  inferior 
s^aoe  (Basaltheil)  of  the  nucleus  caudatus  (region  of  the  anterior  perf.  space) ; 
NCt  head  of  the  nucleus  caudatus,  which  reaches  by  an  arch-shaped  course  the 
infer,  surface  (Basaltheil) ;  P,  part  of  the  basis  cruris  cerebri  derived  from  the  nu- 
cleus caudatus ;  Th^  thalamus  opticus,  in  connection  with  groups  of  fibres  which  come 
from  the  cortex  of  the  frontid  lobe ;  //,  nervus  opticus ;  6^,  fornix ;  T^  corpus 
calloeum  (trabes.  cerebri) ;  A^  ammon's  horn ;  mf  medullary  substance  from  the 
olfactory  lobe  describing  a  curve  to  enter  the  gyrus  fomicatus. 

cerebral  lobes,  and  its  cavity  even  communicates  with  the  lateral  ventricle 
(fig.  261,  F").  Its  cortex  is  directly  continuous,  superiorly,  with  that  of 
the  rest  of  the  brain.  Inferiorly  and  posteriorly  (towards  the  lamina  per- 
forata anterior)  its  border  would  constitute  a  portion  of  the  free  edge  of  the 
cortical  substance  surrounding  the  lumen  of  tiie  primitive  ring  (v.  pp.  658 
and  668,  ammon's  horn),  did  not  the  lamina  perforata  anterior  spread  a  layer 
of  cortical  substance  (as  will  be  explained  below)  over  the  under  surfetoe  of 
the  end  of  the  corpus  striatum,  thus  prolonging  the  cortical  substance  of  the 
olfactory  lobe. 

The  hvlhus  olfactoriu8y  from  whose  outer  surface  the  nerves  of  the  Sch/nei- 
derian  membi'ane  pass  off,  has  the  form  of  a  cap  set  upon  this  conical  pro- 
jection of  cortical  substance,  the  olfactory  lobe  (fig.  261,  i2').  From  its 
concave  interior  springs  a  special  independent  medullary  system^  which  in- 


Digitized  by 


Google 


672 


THE  BBAIN   OF   MAMMALS. 


vests  the  anterior  surface  of  the  olfactory  lobe,  divides  itself  into  two 
parts  to  accompany  the  external  and  internal  olfactory  convolutions,  and 
gives  to  them,  when  looked  at  from  below,  the  deceptive  appearance  which 
caused  the  olfactory  lobe  to  be  regarded  as  a  nerve  (m). 

Along  the  sides  of  the  anterior  perforated  space  run  the  two  divisions  of 
the  olfactory  lobe,  the  external  and  internal  olfactory/  convolutions.  The 
former  is  continued  into  the  frontal  extremity  of  the  gyrus  fomicatus, 
beneath  which  it  is  recognizable  for  a  certain  distance  as  a  distinct  longi- 
tudinal elevation  (fig.  264,  Rt'),  The  latter,  the  larger  of  the  two, 
becomes  fused  with  the  temporal  extremity  of  the  same  gyrus,  the  subicu- 
lum  comu  ammonis  (gyrus  uncinatus)  (fig.  265,  Ma^  Sub,). 

Fig.  262. 


•*jMi^#>«.* 


Fig.  262.  Transparent  section  from  the  bulbus  olfactorios  of  an  Ape  (100  x ).  n, 
stratum  of  the  olfactory  nerves ;  gl^  glomerali  olfactorii ;  r,  cortical  sabetance,  whose 
ganglion-cells  are  most  closely  padced  towards  the  inner  border  (stratum  gelatinosom  ; 
gr^  kernel  strata ;  m,  medullary  strata. 

The  bulbus  olfactorius,  whose  structure  Luys  justly  compares  to  that  of 
the  retina,  receives  the  nerves  which  have  their  peripheric  extremity  in  the 
olfactory  cells  of  the  nasal  mucous  membrane,  as  an  abridged  projection- 
system,  just  aa  in  the  retina  the  projection-system  is  represented  by  a  still 
shorter  tract,  that  which  connects  the  rods  and  cones  which  represent  the 
special  terminal  structures  with  the  nervous  elements  which  represent  their 
centres. 

These  ol^&ctory  nerves  (fig.  262,  n)  pass  into  the  so-called  Biratfum  gUh 
mendoawm  (gl),  made  up  of  rounded  masses,  the  glomeruli,  which  are  sur- 
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Founded  by,  and  to  some  extent  filled  with,  small  nuclei-like  cells.  They 
contain  further  convoluted  vessels,  but  consist,  for  the  most  part,  of  a  finely 
granular  substance  resembling  the  basement-substance  of  the  cortex  cerebri. 
The  true  nature  of  these  masses  of  origin  of  the  olfactory  nerves,  which 
were  first  observed  by  Leydig  in  the  Fish,  can  be  appreciated  only  in  Man 
(fig.  263),  where  the  connective  substance  is  wanting,  which,  in  animals, 
distends  the  glomerulus  olfactorius  to  its  great  size.  The  formation  seems 
to  consist  here  simply  of  an  olfactory-nerve  fibre,  wound  into  a  knot  by  the 
aid  of  the  cells  inserted  in  its  course.  The  non-nervous  substance,  the 
scantiness  of  which  is  characteristic  of  the  structure  of  the  Human  brain,  as 
was  shown  above  in  treating  of  the  ammon^s  horn,  and  of  the  cortex  in  gen- 
eral, is  positively  wanting  in  the  glomeruli  in  question,  for  which  reason 
the  view  taken  of  their  structure  admits,  in  such  brains,  of  being  satisfac- 
torily established,  which  is  rendered  impossible  in  the  brain  of  the  lower 
animals,  by  the  distention  of  their  olfactory  lobes  with  this  indifierent  sub- 
stance, by  which  the  curvatures  of  the  knot  must  be  forced  apart  from  one 
another  and  straightened  out. 

Fig.  263. 


Fig.  263.     A  glomemlaB  olfactorius    from  the  Human  brain;   JV,  the  entering 
olfactory  nerve ;  O^  blood-vessels.     (600  X.) 

The  3d  stratum,  Clarhe^s  stratum  gdatinosumy  contains  in  its  more  ex- 
ternal portion,  scattered  toward  its  inner  surface,  rather  densely  disposed 
nerve-cells,  which  are  sometimes  of  a  spindle,  sometimes  of  a  pyramidal 
shape,  and  are  embedded  in  the  basement-substance  common  to  all  regions  of 
the  cortex.  In  the  medullary  substance  of  the  bulbus  which  comes  next  in 
order  are  to  be  seen  arranged  in  alternating  concentric  layers,  bundles  of 
nei-ve  fibres,  and  small,  closely  packed  nerve-cells,  bearing  a  close  resem- 
blance to  the  granules  of  Purkinje  in  the  cerebellum :  strata  granulosa  and 
medullaria  {ffr,  m).  These  small,  irregular  nerve-ceUs  differ  only  in  size, 
perhaps,  from  the  granules  of  the  retina,  and  the  elements  of  the  fourth  stra- 
tum of  the  cortex  cerebri  in  general. 

The  cortical  substance  of  the  lobus  olfactorius,  apart  from  that  of  the 
48 
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bulbus^  has  not  yet  been  described  with  monogi*aphic  accuracy.  It  seems 
to  be  made  up  of  large  cells  of  a  single  type,  perhaps  like  those  of  the  am- 
mon's  horn. 

The  increase  m  the  development  of  the  vaulted  oonvolution  (gyms  fomicatus)  which 
accompanies  the  increase  in  the  development  of  the  olfactoiy  lobe  (as  seen  in  ani- 
mals), finds  expression  in  an  enlaigcment  of  the  ammon's  horn,  which  stretches  itself 
horizontally  forwards,  beneath  the  splenium  ooiporis  callosi  (figs.  261,  204,  265  A  and 
Ah)^  so  as  to  Cover  the  thalamus  opticus,  while  in  Man,  at  a  corresponding  part  of  its 
course,  it  lies  behind  this  ganglion.  This  exuberance  of  development  causes  the  am- 
mon^s  horns  of  the  two  sides  to  become  fused  together  in  the  median  line  (posteriorly), 
and  the  two  halves  of  the  fornix,  in  like  conditions,  become  similarly  united  through- 
out the  length  of  its  trunk.  In  like  maimer  the  septa  pelludda,  whose  development 
is  also  bound  up  with  that  of  the  olfactory  lobe,  become  tiiickened  and  fused 
together,  to  the  occlusion  of  the  so-called  ventricle  between  them.  The  latter  fusion 
is  to  be  found  even  in  the  Ape,  so  that  (it  may  be  with  the  exception  of  the  primate 
Apes)  it  is  only  in  Man  that  the  hemispheres  are  united  solely  by  the  corpus  callosum 
and  anterior  commissure. 

In  these  different  territories  of  the  cortex  the  emiire  medvlla^y  sv^bstance 
of  the  cerebral  lobes  takes  its  origin.  A  satisfactory  demonstration  of  the 
relations  of  the  various  parts  of  the  latter  has  not  yet,  even  approximately, 
been  given.  The  facts  which  are  worthy  of  notice  in  this  connection  are 
exhausted  in  the  following  remarks. 

The  general  divisions  of  the  medullary  substance  have  already  been 
referred  to  in  the  introductory  remarks.  These  divisions  axe :  1st,  the 
fibr»  arcuatsa  (association-systems) ;  2,  the  trabecular  system ;  3,  fibres 
destined  for  the  cerebellum ;  4,  the  projection-system ;  5,  the  commissura 
anterior. 

In  fig.  256,  at  pr,  is  represented  a  typical  example  of  the  junction  of  two 
neighboring  convolutions  by  the  fibres  propiiss  which  surround,  in  festoon- 
like anungement,  the  intervening  sulcus.  At  arc  are  to  be  seen  bundles  of 
fibres  which  run  parallel  to  the  long  axis  of  the  cerebral  lobes,  from  the  oc- 
cipital to  the  frontal  extremity  of  the  hemisphere.  These  fibres  belong  to 
the  important  system  of  the  fasciculua  arcuabia^  which  serves  to  unite 
together  the  most  widely  separated  regions. of  the  cortical  substance  of  the 
convexity.  Some  of  these  bundles  traverse,  on  their  way,  the  upper  part  of 
the  claustrum. 

Further,  at  unc^  appear  the  bundles  of  the  fasciculus  uncinatuSy  which 
take  the  shortest  path  from  the  frontal  to  the  temporal  extremity  of  the 
cerebral  lobe,  the  course  which  they  describe  being  concentric  with,  and  in- 
cluded within,  the  longer  course  described  by  the  fibres  of  the  fasciculus 
arcuatus,  which  latter  unites  together  all  the  intermediate  regions  between 
the  same  terminal  points  just  mentioned.  The  fibres  of  the  fasciculus 
uncinatus  traverse  freely  the  substance  of  the  claustrum,  as  well  as  that  of 
the  nucleus  amygdalas.  The  anterior  cord-like  and  hook-shaped  part  of  the 
fasciculus  uncinatus  is  joined  by  bundles  of  fibres  distributed,  as  it  were, 
in  layers  which  pass  through,  and  along  the  surface  of,  the  claustrum,  con- 
stituting an  important  part  of  the  medullary  substance  of  the  island  (of  Keil) 
and  of  the  external  capsule  (capsula  externa).  These  fibres  are  connected 
with  the  spindle-cells  of  the  claustioim  formation,  just  as  the  fibne  arcuatsa 
in  general,  throughout  the  cortex  cerebri,  are  connected  with  cells  which 
correspond  to  those  of  that  same  formation ;  in  this  region,  however,  cor- 
responding to  the  above-mentioned  development  (p.  666,  type  of  the  fossa 
Sylvii)  of  the  innermost  stratum  of  the  cortex  to  an  independent  structure, 
the  fibrse  arcuatae  (ABSociations-systemen)  associated  with  it  are  unusually 
largely  represented. 
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At  Ig  in  the  same  figure  (fig.  25G)  are  to  be  seen  fibrous  bundles  which, 
under  the  name  of  the  fascictUus  longitvdinalis  inferior y  run  from  the  ex- 
tremity of  the  occipital  towai'ds  the  extremity  of  the  temporal  lobe.  Along 
the  median  suiiaceof  the  hemisphere,  as  is  well  known,  run  the  nerve 
fibres  of  the  gyrus  foruicatus,  embracing  the  corpus  callosum  in  their  arch- 
shaped  course  from  the  frontal  to  the  temporal  extremity,  and  playing,  for 
the  coi-tical  substance  of  the  median  surface  of  the  hemisphere,  the  same 
part  as  the  fasciculus  arcuatus  does  for  the  cortex  of  the  convexity.  To 
the  gyrus  fomicatus  belongs  the  short  ti-act  of  medullary  substance  figured 
at  w,  fig.  264. 

Fig.  264. 


Fig.  264.  Transparent  profile  section  passing  throvgh  the  inner  dfactory  convolution 
not  far  from  the  inner  surface  of  the  hemisphere :  from  a  Guinea-pig.  F,  frontal  ex- 
tremity ;  0,  occipital  extremity  of  the  cerebral  lobe  ;  RR^  cortex ;  BB^  external  stra- 
tum of  cortex ;  S,  opening  into  a  sulcus  belonging  to  the  inner  surface  of  the  hemi- 
sphere ;  Bly  corpus  callosum ;  +  -+-  -f- ,  regions  where  association-system  bundles, 
belonging  to  the  cortex  of  the  olfactory  lobe  and  the  gyrus  fomicatus,  intersect  the 
fibres  of  the  corpus  callosum;  Sp^  superficial  layer  of  medullary  substance  of  the 
inner  olfactory  convolution ;  m,  bundle  of  fibres  belonging  to  the  gyrus  fomicatus ; 
Ah^  the  ammon's  horn  ;  L,  fibrous  bundles  belonging  to  the  substantia  reticularis  of 
the  ammon^s  horn,  destined  to  form  a  part  of  the  nervus  Lancisii ;  O,  the  fornix  ;  P, 
the  septum  pellucidum;  St,  pedunculus  septi ;  «/,  junction  of  the  substance  of  the 
corpus  striatum  with  that  of  the  septum,  which  takes  place  inwardly  from  the  lami- 
na perforata  anterior ;  (7,  anterior  commissure  ;  /,  ventricle ;  Z,  pineal  gland  (cona- 
rium) ;  Z',  the  ganglion  in  the  habenula  (pedunculus  conarii);  m\  section  of  the 
medullary  substance  of  the  corpus  qua'lrigeminum,  which  is  continuous  with  that  of 
the  posterior  commissure  and  the  pineal  gland ;  A,  aqueductus  Sylvii ;  2\  thalamus 
opticus ;  ma,  corpus  candidans  (corp.  albicans) ;  Ox,  caudex  cerebri  (Hirnstamm) ; 
/,  bundle  of  fibres  which  have  their  origin  in  the  habenula  conarii,  destined  for  the 
tegmentum  cmris  cerebri ;  ///,  nervus  oculo-motorius ;  8,  the  posterior  longitudinal 
fasciculus  (Hinteres  Longsbundel) ;  Br,  region  occupied  by  the  crossiog  of  the  pe- 
dunculi  cerebelli  ad  corp.  quadrigem.  (Bindearme) ;  Rl,  lobus  olfactorius;  Rt,  pro- 
longation of  the  cortical  substance  of  the  internal  olfactory  convolution  passing  be- 
neath the  frontal  extremity  of  the  gyrus  fomicatus. 

A  certain  portion  of  the  medullary  substance  of  the  olfactory  lobe  is  also 
to  be  ranked,  as  Gratiolet  observed,  with  the  fibrse  arcuatte,  for  jis.the  cor- 
tical substance  of  the  external  and  intiirnal  olfactory  convolutions  is  directly 
continuous  with  the  cortical  substance  of  the  gyrus  fornicatus  at  the  two 
extremities  of  the  latter,  so  in  like  manner  the  meduUaiy  substance  of  the 
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former  passes  without  interruption  into  the  medullary  substance  of  the  latter. 
It  is  especially  the  long,  most  inferior  fibres  of  the  gyrus  fomicatus  that, 
running  along  the  upper  sur£Eu;e  of  the  corpus  callosum,  as  nervus  Lancisii, 
serve,  in  virtue  of  their  connection  anteriorly  with  the  cortical  substance  of 
the  inner  olfactory  convolution,  posteriorly  with  the  substantia  reticularis 
and  lamina  medullaris  of  the  ammon^s  horn,  to  unite  together  these  two 
regions  of  the  cOrtex.  Besides  these,  however,  certain  fibrous  bundles  are 
to  be  seen  running  longitudinally  along  the  inner  surface  of  the  septum  pel- 
lucidum,  which  originate  in  the  internal  olfactory  convolution,  and  which, 
passing  partly  through  and  partly  under  its  knee  (genu),  traverse  the  body 
and  splenium  of  the  corpus  callosum  to  enter  finally  the  gyrus  fornicatus  at 
various  parts  of  its  course.  Perhaps  they  stand  in  connection  with  the  par- 
allel spindle-shaped  cells  of  the  septum  (tig.  264  X,  Jlfy  4--|-  +>  «»,  HIP). 

The  superficial  and  the  deeply-seated  medullary  substance  of  the  external 
olfactory  convolution  coalesce  in  part  with  the  substantia  reticularis  (fig. 
205  m  ret),  in  part  with  the  medullary  substance  proper  of  the  same  convo- 
lution, which  medullary  substance  forms  a  layer  of  no  great  thickness, 
between  the  cortex  of  the  uncus  itself  and  the  nucleus  amygdalae  (fig.  265, 
m*-\-mf).  Following  the  path  taken  by  these  fibres,  a  process  of  the  claus- 
trum  thrusts  itself  into  the  medullary  substance  of  the  external  olfactory 
convolution,  and  thus  the  latter  by  way  of  the  spindle  cells  of  the  claustrum 
is  brought  into  connection  with  the  extensive  association-systems  of  fibres 
which  surround  the  fossa  Sylvii  (fig.  265  m    01). 

2.  As  regards  the  system  of  Hie  corpus  caUosum  (trabecular  system),  mi- 
croscopic examination  of  cross-sections  from  small  Mammal  brains,  among 
which  that  of  the  Bat  has  been  made  the  subject  of  careful  investigation  by 
Oellacher,  confirms  the  opinion  expressed  by  Arnold,  that  thia  corpus  callo- 
sum is  made  up  solely  of  commissural  fibres,  connecting  symmetrical  terri- 
tories of  the  cortices  of  the  two  hemispheres,  and  not,  as  Foville  wished  to 
prove,  of  fibres  of  the  projection-system,  crossing  the  middle  line  to  enter 
the  ganglia  of  the  opposite  side.  It  appears  also  that  its  fibres  are  not  dis- 
tributed, as  Burdach  thought,  exclusively  to  certain  groups  of  convolutions, 
but,  in  common  with  the  fibres  of  the  projection-system,  to  all  parts  of  the 
cortex.  In  this  way  the  fibres  of  the  projection-system  become  intimately 
interwoven  with  tliose  of  the  trabecular  system  (Arnold,  Reichert).  The 
splenium  corporis  callosi  is  not  a  solid  mass,  but  consists  of  two  laminae  (fig. 
204),  to  form  which,  it  folds  longitudinally  upon  itself,  and  these  two  laminse^ 
separating  somewhat  from  each  other  in  their  course  towards  the  temporal 
lobe,  leave  between  them  the  clefts  called  respectively  the  posterior  and  the 
inferior  horn  of  the  lateral  ventricle  (Luys).  The  upper  lamina  of  the  sple- 
nium comes  to  form  also  the  outer  ventricle-wall,  the  tapetum  (Reil)  (fig. 
260,  T').  The  foreign  bundles  of  fibres,  which  form  an  intricate  and  deli- 
cate network  with  those  of  the  corpus  callosum  proper,  may  be  traced  mi- 
croscopically without  the  least  danger  of  their  being  confounded  with  con- 
nective-tissue fibres,  or  with  vessels  (fig.  264).  Among  them  (as  Arnold 
has  already  stated)  are  bundles  which  run  from  the  posterior  part  of  the 
gyrus  fornicatus  to  the  fornix,  spreading  themselves  out  over  the  lower  half 
of  the  surface  of  the  septum  pellucidum  (fig.  204  G). 

,4.  The  principal  mass  of  the  projection-si/stem,  the  corona  radiata,  is  en- 
closed, at  the  convexity  as  well  as  at  the  inner  surface  of  the  hemisphere, 
by  the  above-mentioned  fibrous  systems,  whose  course  begins  and  ends  in  the 
cortical  substance.  The  first  member  of  the  projection-system  is,  however,  by 
no  means  made  up  exclusively  of  radiating  bundles,  which  (like  those  figured 
at  P'y  fig.  256,  as  coming  from  the  occipital  lobe)  take  the  shoi-test  path 


Digitized  by 


Google 


THE   PBOJECnON-SYSTEM. 


677 


to  reach  their  destinations  in  the  ganglia.  Some  of  its  constituent  bundles, 
on  the  contrary,  have  an  arch-shaped  course,  of  which  the  most  striking 
6])ecimen  is  the  fornix,  uniting  as  it  does  the  cortex  of  the  gyrus  fornicatus 
-with  the  thalamus  opticus. 

Fig.  205. 


Fig.  265.  ♦  Transparent  profile  section  from  the  brain  of  a  Dog^  through  tJie  external 
oifaciory  e<onvolutiim.  F^  frontal  extremity ;  0,  occipital  extremity  of  the  cerebral 
lobe ;  T,  section  of  the  lowest  bundles  of  the  corpus  callosum ;  Sub  A^  Sub,  occipital 
and  temporal  portions  of  the  ammon's  horn.  The  convex  piece  connecting  these  two 
fragments  is  cut  off  at  the  external  border  of  the  caudex  cerebri  (and  is,  therefore, 
not  included  in  this  section) ;  Ha,  external  olfactory  convolution  ;  m,  superficial 
medullary  substance  of  same  (coming  in  reality  from  the  bulbus) ;  m\  deeper  laid 
medullary  substance  of  the  external  olfactory  convolution ;  CI,  claustrum  ;  LI,  LII, 
LIII.  divisions  of  the  nucleus  lenticularis ;  Ag,  nucleus  amygdalae;  tn^-hmf  point 
of  union  of  the  medullary  substance  of  the  olfactory  convolution  with  that  of  the 
gyms  uncinatus ;  Bet,  substantia  reticularis,  coalescing  with  the  superficial  medul- 
lary substance  of  the  olfactory  convolution ;  e,  hemispheric  portion  of  the  anterior 
commissure;  //,  traotus  opticus;  iVc,  nudeus  caudatus;t  2'A,  thalamus  opticus; 
P,  basis  cruris  cerebri. 

Another  striking  example  of  this  arched  course  taken  by  projection-sys- 
tem fibres  is  afforded  by  the  stria  cornea,  which  unites  the  extremity  of  the 
temporal  lobe  with  the  whole  length  of  the  inner  border  of  the  nucleus 
caudatus  along  which  it  curves. 


*  L'  in  the  fig.  is  used  twice  by  mistake.  The  one  nearest  to  L'"  should  be  L". — 
Translator. 

f  Corpus  striatum  and  nucleus  caudatus  are  in  this  treatise  used  synonymously,  and 
the  nucleus  lenticularis  is  regarded  as  an  independent  ganglion,  whereas,  in  many 
English  works  on  anatomy,  nucleus  caudatus  is  used  synonymously  with  nucleus  intra- 
Tentricularis  corporis  striati,  and  the  nucleus  lenticularis  receives  the  name  of  nucleus 
extraventricularis  corp.  striat. — Translator. 
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The  number  of  fibres  in  any  given  portion  of  the  projection-system  that 
passes  from  a  certain  region  of  the  cortex  into  a  ganglion,  must  necessarily 


Fig.  2(56.  IlimzonUd  section  from  tJie  left  IwHf  of  the  hrain  of  Cetreoc^hus  cinamdffUM, 
F^  frontal  extremity ;  0,  occipital  extremity  of  the  cerebral  lobe ;  FSy  entrance  to 
the  fiBsore  of  Sylvius  ;  /,  island  of  Reil ;  Cl^  claustmm ;  T.\  corpus  callocnm ;  >S,  sep- 
tum peliucidum  ;  Va^  anterior  commissure  ;  A^  ammon^s  horn  ;  V^  Vp,  anterior  and 
posterior  horns  of  the  lateral  ventricle  ;  Vm,  third  ventricle  ;  Cm^  middle  (or  soft) 
commissure ;  Aq,  aqueductus  Sylvii ;  2\  tapetum  formed  by  the  corpus  callosum ; 
///,  Lily  LIU,  the  divisions  of  the  nucleus  lenticularia ;  iVc,  JVa,  caput  and  oauda 
nuclei  caudati ;  TTiy  that  portion  of  the  thalamus  which  is  situated  anteriorly  to  the 
corpora  geniculata  ;  Th\  tuberculum  posterius  (Polster)  thalami  optici ;  Qu^  inferior 
corpus  quadrigeminum  (or  bigeminum) ;  Oi,  internal  corpus  geniculatum  ;  6V,  external 
corpus  geniculatum ;  m  tfi^  bundles  belonging  to  the  corona  radiata,  passing  from 
the  frontal  lobe  to  the  thalamus ;  P,  basis  cruris  cerebri ;  Om^  tract  of  medullary 
substance  from  the  occipital  lobe,  destined  for  the  posterior  tubercle  (Polster  or 
Pulvinar)  of  the  thalamus,  for  the  arm  (brachium)  {Bs.)  of  the  superior  corpus  qua- 
drig.,  for  the  two  corpora  geniculata;  Gi  and  Oe^  the  arm  of  the  inferior  corp.  qua- 
drig. ,  the  basis  cruris  cerebri,  and  the  nudeus  lenticularis. 

be  in  direct  proportion  to  the  size  of  the  ganglionic  mass  which  contains  the 
cells  in  which  they  terminate.     The  two  great  anterior  cerebral  ganglia,  the 
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nucleus  caudatus,  and  the  nucleus  lenticularis,  are  so  disposed  that  their 
largest  ends,  tfie  head  of  the  ntLcletM  caudatiis  (caput  nudei  caudati)  and  the 
hose  of  the  wedge^haped  nucleus  lenticularis,  look  towards  the  fronted  ex- 
tremity of  the  cerebral  lobe.  While  these  ganglia  are  anteriorly  so  strongly 
developed,  they  dwindle  in  size  posteriorly,  the  one  to  an  insignificant  tail- 
like extremity  (Schweif  d.  Sti-eifenhugels),  the  other  to  a  thin  jagged 
edge.  It  cannot  then  be  doubted  that  the  frontal  lobe  is  represented  in 
these  ganglia,  which  are  recognized  to  be  associated  with  the  motor  functions 
of  the  body  by  a  much  larger  number  of  projection-fibres  than  is  the  parie- 
tal lobe,  and  by  a  much  larger  number  still  than  is  either  the  occipital  or 
the  temporal  lobe.  On  the  other  hand,  certain  portions  of  the  thalamue 
opticus^  and  all  the  other  masses  of  origin  of  the  tractu^  opticus^  receive 
a  great  number  of  fibres  from  the  occipital  lobe  and  the  temporal  lobe,  and 
indeed  these  fibres  constitute,  for  the  masses  of  origin  of  the  tractus  (with 
exception  of  the  thalamus),  probably  their  only  means  of  connection  with  the 
cerebrum.  The  relative  sizes  of  the  ganglia  just  mentioned,  and  the  parts  with 
which  they  are  in  connection,  may  be  seen  in  fig.  266,  where  the  tuhercvlv/m 
postervua  of  the  thalamus  (Sehhiigelpolster)  ( 7%'),  the  exteimal  and  interned 
corpus  geniculatu/m  (Kniehocker)  ( Ge  and  Gi),  as  well  as  the  corpus  quadri- 
geminum  (  Qu)  with  their  projection- system  fibres,  are  exposed  to  view  in 
one  horizontal  section.  One  sees  how,  in  the  Ape,  the  fibrous  rays  passing 
from  the  occipital  lobe  into  the  ganglia  of  origin  of  the  tractus  opticus, 
gather  themselves  into  a  meduUaiy  layer  of  great  thickness  ( Om)  (optic 
rays,  Sehstrahlungen,  Gratiolet)^  which  is  enclosed  by  an  abundant  supply 
of  fibrsB  arcuatse.  This  layer  is  joined  by  a  group  of  fibres  which  form  the 
most  posterior,  and  at  the  same  time  most  exterior  fasciculus  of  the  basis 
ciinis  cerebri.  Since  now,  as  will  be  shown,  this  most  external  bundle  of 
the  basis  passes  over,  at  the  time  of  the  crossing  of  the  pyramids  into  the 
posterior  column  of  the  spinal  cord,  it  is  plain  that  a  representation  of  the 
posterior  roots  of  the  spinal  nerves  with  which  this  bundle  is  united,  is  pres- 
ent within  the  same  cerebral  lobe  which  contains  the  optic  rays  alluded  to. 
It  has  further  been  demonstrated  by  Gratiolet  that  those  fibres  of  the  pro- 
jection-system which  pass,  not  as  he  thought  into  the  tractus  opticus  itself, 
but  into  the  ganglia  of  origin  of  the  same,  arise,  together  with  the  fibres 
just  mentioned  which  pass  from  the  cortex  into  the  outermost  fascicle  of  the 
basis,  by  no  means  exclusively  in  the  occipital  lobe,  but  also  in  the  temporal 
lobe  of  the  cerebrum.  Still  another  sensory  surface  (besides  the  skin  and 
retina),  viz.,  the  Schneiderian  membrane,  sends  an  important  representation 
to  join  this  collection  of  nerve-fibres.     It  occurs  as  follows  : 

5.  A  large  portion  of  the  medullary  substance  of  the  olfactory  lobe  is  to  be 
seen  in  fig.  261,  w«c,  stretching  itself,  as  it  were,  towards  the  section  of  the 
anterior  commissure  which  seems  to  turn  to  meet  it,  and  traversing  on  its 
way  the  substance  of  the  corpus  striatum.  This  appearance  is  explained 
by  the  fact  that  these  fibres  follow  an  arch-shaped  course  in  passing  from  the 
olfactory  lobe  to  the  anterior  commissure,  a  small  part  of  the  convexity  of 
which  arch  has  been  cut  off,  and  left  outside  the  section.  At  the  same  time 
it  was  known  even  to  Burdach  and  Gratiolet,  that  the  fibres  of  the  anterior 
commissure  run  to  the  cortex  of  the  occipital  and  temporal  lobes.  In  these 
same  regions  of  the  hemispheres,  then,  three  sensory  surfaces  are  represented. 
1,  that  supplied  by  the  posterior  roots  of  the  spinal  cord  ;  2,  the  retina ; 
3,  the  nasal  surface ;  and  thus  the  occipital  and  temporal  lobes  stand  as  the 
counterpart  of  the  frontal  lobe,  whose  essential  connections  are  with  the 
motor  ganglia.  As  far  as  that  portion  of  the  optic  rays  is  concerned  which 
enters  the  coqiora  geniculata,  and  also  as  regards  the  anterior  commissure, 
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that  fasciculus  which  forms  the  above-mentioned  representation  of  the  pos- 
terior columns  of  the  spinal  cord,  the  investigation  of  their  connection  with 
the  cortex  cerebri  may  be  looked  upon  as  closed. 

The  medullary  tract  which  passes  from  the  olfactory  lobe  into  the  anterior 
conmiissure  contains,  in  Animals,  a  much  larger  number  of  fibres  than  do 
the  rays  which  pass  from  the  medullary  substance  of  the  hemisphere  into 
this  same  commissure  (fig.  261,  cm',  265  c).  In  Man,  on  the  contrary, 
the  reverse  is  true  ;  the  anterior  commissure  is  formed,  almost  exclusively, 
of  fibres  from  the  medullary  substance  of  the  hemispheres,  while  its  con- 
nection with  the  olfactory  lobes,  corresponding  to  the  slight  degree  of  develop- 
ment of  the  latter,  is  but  slight  (fig.  264,  Ca  M'R). 

In  the  anterior  commissure,  therefore,  besides  the  fibrous  bundles  which 
cross  from  the  olfactory  lobe  of  one  side  to  the  hemisphere  of  the  other,  and 
which  probably  give  rise  to  the  rope-like,  twisted  appearance  presented  by 
the  fasciculi  in  question,  there  must  also,  of  necessity,  exist  true  commis- 
sural fibres  which  unite  on  the  one  hand  the  two  olfactory  lobes,  and  on  the 
other  the  two  hemispheres.  If  the  fibres  that  run  from  the  olfactory  lobe 
of  either  side  to  the  corpus  striatum  of  the  same  side  be  taken  into  con- 
sideration in  this  connection  (Clarke,  Walter,  Gratiolet),  we  see  that  in  the 
medullary  substance  of  the  olfactory  lobe,  the  anterior  commissure  being 
reckoned  as  a  part  of  this  medullary  substance,  all  the  varieties  of  disposition 
of  the  fibres  are  represented  which  Johannes  Miiller  describes  as  character- 
izing the  chiasma  nervorum  opticorum.  The  analogy  between  the  olfactory 
lobe  and  the  retina  is  thus  increased  by  the  discovery  of  the  existence  of  an 
olfactory-chiasma  which  is  the  analogue  of  the  optic-chiasma. 

Fig.  267. 


.<4i^tiv^ 


Fig.  267.  Transparent  cross-section  from  the  upper  ganglia  of  the  cavdex  cerebri, 
and  the  itiand  of  Beil,  passing  through  the  anterior  commissure  (dose  behind  the  pos- 
terior border  of  the  orbital  conxotutums  arid  the  dfactory  iobe).  /,  island  of  Reil ;  C(, 
claustram  ;  UCj  external  medullary  capsule ;  Lilly  third  division  of  the  nndens  len- 
ticularis;  iVb,  caput  nuclei  caudati ;  iVc',  inferior  (basal)  portion  of  the  head  of  the 
nucleus  caudatus  above  the  anterior  perforated  space ;  i/",  medullary  substance  of  the 
cerebral  lobe  (pes  coronae  radiatse) ;  Oi^  internal  capsule ;  Ca,  middle  connecting 
piece  of  the  anterior  commissure ;  M\  hemispheric  portion  of  the  anterior  commis- 
sure ;  i?,  portion  of  the  anterior  commissure  belonging  to  the  olfactory  lobe. 
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2.  The  Basis  Cruris  Cerebri  and  its  Ganglia. 

The  superior  member  of  the  projection-system  buries  its  peripheral  ex- 
tremity in  a  collection  of  ganglia  which  belong  genetically,  ( 1 )  to  the  ori- 
ginal hemispheric  vesicle,  (2)  to  the  original  anterior  and  middle  cerebral 
vesicles.  £ach  of  these  ganglia  has,  morphologically  speaking,  two  poles  as 
it  were,  the  one  centred,  that  which  receives  the  superior  member  of  the 
projection-system,  the  other  peripheral,  that  from  which  the  2d  member  of 
the  projection-system,  the  cms  cerebri,  emerges.  The  basis  as  well  as  the 
tegmentum  cruris  cerebri  contains,  besides  the  fibrous  bundles  destined  to 
assist  in  forming  the  columns  of  the  spinal  cord,  a  large  number  of  cere- 
bellar fibres  also,  which  part  from  the  crus  cerebri  above  the  commence- 
ment of  the  spinal  cord.  Although  the  cerebral  ganglia  differ  gi^eatly  one 
from  another  in  conformation  and  structure,  yet  those  connected  with  the 
basis  and  those  connected  with  the  tegmentum  display  so  many  points  of 
resemblance,  that  the  separation  of  them  (for  purposes  of  description)  into 
,  these  two  classes,  based  upon  their  peripheral  connections,  suggests  itself  as 
a  natural  division.  The  corpora  gerdcvlata  alone,  not  being  directly  con- 
nected with  the  crus  cerebri,  demand  a  separate  consideration  as  appendages 
of  the  ganglia  of  the  tegmentum. 

The  ganglia  of  origin  of  the  basis  cruris  are,  (1)  ^6  mbcleue  caudatv^,  {2)  the 
nucleus  lenticularis,  (3)  tite  substantia  nigra  of  Soemmering,  which  lies  be- 
tween the  basis  and  the  tegmentum  cruris  cerebri. 

The  form  of  the  nucleus  caudatus  (corpus  striatum)  is  that  of  an  arch, 
concentric  with  that  formed  by  the  entire  hemisphere,  and  surrounding  a 
transverse  axis  which  foi-ms  a  part  of  the  caudex  cerebri  (Himstamm). 
This  axis  is  the  transversely  disposed,  wedge-shaped  nucleus  lenticularis, 
whose  base  is  directed  outwards,  and  whose  point  inwards.  The  relative 
position  of  the  two  ganglia,  as  so  explained,  is  shown  by  fig.  266.  The 
frontal  branch  of  the  arched  corpus  striatum,  which  lies  in  front  of  the 
nucleus  lenticularis  (X,  I,  II,  III),  is  foimed  by  the  large  head  (caput)  of 
the  corpus  striatum  (iVc),  its  occipital  poii/ion  by  the  insignificant  tail-like 
extremity  (xVa).  The  transversely-disposed  and  the  arch-8haj)ed  ganglia  of 
origin  of  the  basis  cruris  are,  moreover,  actually  united  together  at  the 
frontal  end  of  the  corpus  striatum  arch,  through  the  fusion  of  the  caput 
Corp.  striat.  with  the  3d  member  of  the  nucleus  lenticularis  (fig.  267, 
Nc^,  L  III),  and  also  at  the  temporal  end  of  the  same  arch  (fig.  256,  Cs,  X). 
The  first-mentioned  fusion  will  be  more  easily  comprehended  if  it  be  remem- 
bered that  the  caput  corp.  striat,  extending  itself  beyond  that  part  of  the 
latter  which  is  visible  in  the  lateral  venticle,  curves  downwards  to  the  base 
of  the  bniin,  where  its  inferior  i>ortion  (Basaltheil)  constitutes  the  gray 
matter  which  lies  just  above  the  lamina  perforata  anterior  (fig.  261,  X). 
Gratiolet  gave  to  this  inferior  region  the  name  of  olfactory  district  (Jtiech' 
feld).  I  am  able  to  bear  witness  to  the  justice  of  this  designation  by 
confirming  the  fact  that  this  inferior  district  of  the  corp.  striat.  is  invested 
by  a  thin  layer  of  cortical  substance,  whose  continuity  with  the  cortex  of 
the  olfactory  lobe  may  be  easily  demonstrated  both  as  regards  the  neuroglia 
and  the  nerve-cell  stratum  of  the  latter.  This  stratum  of  cortical  substance 
coalesces  posteriorly  with  the  gyrus  uncinatus.  Its  presence  shows  the 
constancy  of  that  law  of  development,  in  conformity  with  which  the  entire 
surface  of  the  hemispheric  vesicle  becomes  covered  with  cortical  substance, 
and  according  to  which,  also,  the  septum  pellucidum  should  properly  be 
classed  as  a  part  of  the  cortex  cerebri     The  temporal  end  of  the  cauda 
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coi'p.  striat.  becomes  fused,  just  behind  the  nucleus  amygdalae,  with  the 
temporal  process  which  is  sent  off  from  the  3d  member  of  the  nucleus  lenti- 
culans  (peduncuhis  nuclei  lenticularis),  as  stated  above.  The  substance  of  the 
caput  Corp.  striat.  is  bent  at  one  part  of  its  inner  surface  into  a  gutter-like 
form  and  appeara  on  the  external  (ventricular)  surface  of  the  septum  i)elluci- 
dura,  where  it  occupies  a  space  of  about  8  mm.  in  height  under  the  name  of 
nucleus  septi  pellucidi  (fig.  264,  J'), 

Structurally  considered,  the  corp.  striat.  contains  the  same  delicate, 
punctated  basement  substance  as  does  the  cortex  cerebri,  and  in  it  are  scat- 
tered a  few  such  bodies  as  are  found  in  the  corresponding  part  of  the  cortex 
and  which  look  like  free  nuclei.  The  nei-ve-cells  of  the  corpus  striatum  are 
in  general  of  two  sizes,  viz.,  large  cells  with  many  processes,  which  attain  a 
diameter  of  30  /li,  and  small  cells,  only  15  /x  in  length,  which  are  also  multi- 
polar, and  which  are  found  in  much  greater  numbei*s  than  the  large  ones.  It 
will  probably  be  found  that  the  nerve-cells  of  the  one  kind  give  rise  to 
fibres  of  the  spinal  cord,  and  those  of  the  other  to  cerebellar  fibres.  This 
opinion  is  justified  by  the  following  facts.  It  may  be  seen  that  the  cnis 
cerebri  is  at  least  three  times  as  large  as  the  pyramids  of  the  medulla  into 
which  it  passes.  It  can  also  be  shown  that  this  diminution  in  size  is  brought 
about  within  the  limits  of  the  pons  Varolii,  by  the  disappearance  of  cei-tain 
of  the  fibres  of  the  cms  cerebri  which  turn  from  their  course,  and,  with  the 
aid  of  ganglion  cells,  enter  the  cerebellum  by  way  of  the  processus  cerebelli 
ad  pontem  (Briickenanne)  (v.  p.  657,  same  subject). 

It  is  then  evident  that  the  ganglia  of  origin  of  the  basis  cruris  give  rise, 
at  the  same  time,  to  fibres  destined  for  the  cerebellum.  ITiis  feet  furnishes 
a  morphological  argument  for  ascribing  a  motory  significance  to  the  cere- 
bellum ;  for  it  cannot  but  be  believed  that  the  impulses  communicated  by  the 
cortex  to  the  corpus  striatum  and  the  similarly  constructed  nucleus  lenti- 
culaiis  (which  are  recognized  as  motor  ganglia),  besides  being  transmitted 
to  the  spinal  cord,  call  into  play  at  the  same  time  certain  functions  of  the 
cerebellum. 

The  small  cellg  mentioned,  which  are  unqnestionably  nervous,  should  not  be  con- 
founded with  the  elements  which  appear  as  free  nuclei,  and  which  Lnys  declared  to 
be  nerve  elements  standing^  in  connection  with  the  cerebellar  fibres,  and  to  have  been 
carried  alonjf,  aa  it  were,  by  the  fibres  of  the  orus  cerebri,  into  the  gpny  substance  of 
the  corpus  striatum.  These  chains  of  apparently  free  nuclei,  which  are  stretched 
parallel  to  the  nerve  fibres,  are  in  fact  simply  the  ceU-elements  of  the  connective- 
tissue  reticalum  of  the  medullary  substance  in  general,  where  they  are  of  univeisal 
occurrence. 

The  first  memher  of  t^ie  projection-fn/stem  enters  the  corpus  striatum  under 
four  different  forms : 

1st.  As  fibres  belonging  to  the  corona  radiata,  coming  from  the  hemi- 
spheric arch  throughout  its  entire  length. 

2d.  Under  the  form  of  a  bundle  of  fibres,  the  stria  cornea,  which  runs 
from  the  cortical  substance  of  the  temporal  extremity  to  the  most  anterior 
part  of  the  caput  corp.  striat.,  following  an  arch-shaped  course  along  the  in- 
ner border  of  the  latter  ganglion. 

3d.  Under  the  form  of  fibres  which  connect  the  cortical  substance  of  the 
olfactory  lobe  with  the  corpus  striatum,  whether  it  be  the  superficial  fibres 
which  take  their  rise  in  the  bulbus,  or  the  deeper  laid  medullary  substance 
of  the  olfactory  lobe  (fig,  261  w*).  That  portion  of  the  olfactory  medullary 
substance  that  enters  the  anterior  commissure,  seems  merely  to  traverse, 
without  interruption,  the  substance  of  the  coi-p.  striat.    The  medullary  fibres 
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of  the  olfactory  lobe  also  pass,  in  arching  lines,  through  the  nucleus  septi 
pellucidi. 

ith.  Under  the  form  of  the  pedunculus  septi  lucidi  which  unites  the 
cortical  substance  of  the  septum  with  the  inferior  region  of  the  corp. 
striat. 

This  inferior  region  of  the  caput  corp.  striat,  is,  from  just  above  the  la- 
mina perforata  anterior  to  the  neighborhood  of  the  anterior  commissure,  made 
of  a  structure  unlike  that  of  the  rest  of  the  corp.  striat.  This  stiuctuve 
has  not  yet  been  described  with  monographic  accuracy,  but  two  of  its  most 
striking  ])eculiarities  are,  Ist,  that  it  contains  nerrve-cells  of  rather  small 
size,  agglomerated  together  so  as  to  form  circumscribed  piles  of  nuclei-like 
elements ;  2d,  that  it  contains  a  kind  of  element  which  is  not  to  be  found 
in  any  other  part  of  the  collective  cerebral  ganglia,  viz.,  very  small  granules 
(Komer)  (6  ft  in  diam.)  which,  disposed  in  closely  packed  masses,  establish 
a  point  of  structural  relationship  between  the  region  under  consideration 
and  the  olfactory  lobe,  by  the  medullary  fibres  of  which  it  is  traversed.  To 
judge  from  its  formation,  peculiar  both  in  respect  to  the  form  and  to  the  ar- 
rangement of  the  elements,  we  should  infer  that  an  independent  function 
sliould  be  ascribed  to  this  mass  of  gray  substance,  although  it  appears  to 
form  an  inseparable  part  of  the  coipus  striatum. 

The  manner  in  wliich  the  corpus  striatum  gives  rise  to  its  contingent  of 
the  crus  cerebri  is  very  simple,  for  the  fibres  which  go  to  form  the  latter  con- 
verge like  radii  from  the  concavity  of  the  arch  made  by  the  former  toward 
the  base  of  the  brain,  and  unite  in  the  basis  cruris  cerebri  (fig.  261  P). 

In  general  terms  (the  stria  cornea  being  left  out  of  consideration)  the 
outer,  which  is  at  the  same  time  the  upper  border  of  the  corpus  striatum, 
represents  its  central  pole, — that  which  receives  the  fibres  of  the  corona  ra- 
diata  ;  while  the  inner  or  lower  border  represents  its  peripheric  pole, — that 
from  which  the  fibres  of  tlie  crus  cerebri  emerge. 

The  crui'al  fibres  of  the  corpus  striatum  traverae  in  their  course  the  upper 
layers  of  the  inner  capsule  (capsula  interna)  (fig.  267,  268  Ci\  to  reach  its 
lower  layers.  This  broad  medullary  tract,  the  inner  capsule,  the  two  parts 
of  which,  as  they  appear  in  a  horizontal  section,  seem  to  imite  at  an  obtuse 
angle,  separates  anteriorly  the  corpus  striatum  from  the  nucleus  lenticularis, 
posteriorly  the  latter  from  the  thalamus  opticus.  The  upper  half  of  its 
layers  is  made  uj)  of  the  1st  member  of  the  projection-system,  the  lower  ex- 
tremity of  the  respective  section  of  the  corona  radiata  (pes  coronse  radiatae), 
the  lower  half  of  the  same  by  the  2d  member  of  the  projection-system,  viz., 
the  basis  cruris  cerebri.  The  extremity  of  the  corona  radiata  is  however, 
as  it  lies  in  the  inner  capsule,  overarched  by  the  corpus  striatum,  and  is 
therefore  interwoven  with  the  ciTiral  fibres  of  the  latter,  which  cross  the  di- 
rection of  its  own,  as  fig.  261  illustrates.  The  fibres  of  the  corona  radiata 
represented  in  the  figure  ( 21i)y  run  from  the  frontal  lobe  into  the  thalamus 
opticus. 

The  course  of  certain  fibrous  bundles,  coming  from  the  corpus  striatum 
within  the  crus  cerebri  itself,  is  somewhat  complicated.  That  is  to  say,  after 
removal  of  the  tractus  opticus,  certain  bundles  are  to  be  seen  running  trans- 
versely and  parallel  to  the  tractus,  which  emerge  from  among  the  external 
fasciculi  of  the  crus  cerebri,  and  disappear  again  among  its  internal  fasciculi. 
These  bundles  are  made  up  of  fibres  which  have  come  from  the  cauda  corp. 
striat.,  which  is  situated  rather  externally  to  the  rest  of  the  ganglion.  Their 
downward  course  to  the  spinal  cord  lies  in  the  inner  portion  of  the  crus,  and 
to  reach  this  position  they  are  obliged  thus  to  pass  superficially  across  the 
intermediate  fasciculi.    They  are  to  be  carefully  distinguished  from  the  ansa 
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peduncularis    (Hirnschenkelschlmge),    which  latter,  when  it  is  in  contact 
with  the  crus  at  all,  is  never  entwined  with  the  fibies  on  two  sides  of  it. 

llie  nucleus  lenticularis  (tigs.  256,  265,  266,  267,  268),  the  second  gan- 
glion of  origin  of  the  basis  cruris,  is  of  precisely  the  same  histological  struc- 
ture with  the  intraventricular  portion  of  the  corpus  striatum.  It  contains 
the  two  varieties  of  nerve-cells,  differing  in  point  of  size,  but  thei*e  is  in  it 
no  district  of  peculiar  structure  analogous  to  that  district  of  the  inferior  por- 
tion of  the  corpus  striatum  which  is  traversed  by  the  medullary  fibres  from 
the  olfactory  lobe.  The  shape  of  this  ganglion  is  that  of  a  wedge.  The 
base  of  the  wedge  is  dipected  towards  the  frontal  lobe  and  the  island  of 
Reil,  its  point  passes  over  into  the  basis  cruris,  and  posteriorly  it  termi- 
nates in  a  thin,  jagged,  saw-like  edge.  On  cross-sections  of  this  ganglion  its 
nerve-fibres  appear  disposed  in  two  general  directions,  viz.,  in  lines  radiat- 
ing from  the  point  of  the  wedge  towards  its  base,  and  in  layers  concentric 
with  the  curved  base  of  the  wedge,  the  component  fibres  of  which  layers 

Fig.  268. 


Fig.  268.  TranMparent  crosn-section  paJiHng  Uirough  tlis  region  of  the  idand  of  RrU 
and  the  gunglui  of  the  cnudex  {Stammganglien),  Human  brain.  (Slightly  magnified.) 
,/",/',  cortical  and  medullary  substance  of  the  island  of  Reil ;  CL  claustrum.  Near  its 
base  are  some  of  the  transition  masses  which  connect  the  claustrum  with  the  nucleus 
amygdalae ;  F,  gray  substance  lining  the  3d  ventricle ;  ZJ  /^,*  L,^  the  nucleus  lenticu- 
laris ;  Nc,  nucleus  caudatus ;  B.  inferior  region  ( Basal theil)  of  the  nucleus  caudatus ; 
VG^  anterior  commissure;  IK^  region  of  the  inner,  aK^  region  of  the  superior 
stalk  (Stiel)  of  the  thalamus  opticus ;  3f,  pes  coronse  radiator ;  Ce^  capsula  externa ; 
Gl^  capsula  interna ;  8cM^  X,  St^  Z,  the  four  layers  of  the  substantia  innominata  or 
crural  sling  (Himschenkelschlinge) ;  G^  the  anterior  descending  pillar  of  the  fornix ; 
A^  oommissure  in  the  central  tubular  gray  matter ;  //,  nervus  opticus,  together  with 
the  inferior  optic  ganglion  which  lies  above  it. 

run  downwards  from  the  inner  capsule  toward  the  baso  of  the  brain  (figs. 
265,  266,  268).  These  latter  fibres  form  the  concentric  partitions,  the 
lamincB  meduUareSy  which  divide  the  nucleus  lenticularis  into  its  three  so- 
called  members  (Glieder),  the  innermost  of  which  is  intimately  connected 
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with  the  origin  of  the  cms  cerebri,  while  the  outermost  is  separated  only  by 
the  thin  medullary  layer  of  the  outer  capsule  from  the  claustnim,  whicli 
has  been  shown  to  belong  morphologically  to  the  cortical  substance  of  the 
island  of  Reil  (figs.  207,  268  Ce),  also  (figs.  265,  266).  This  exteraal 
capsule  is  not  connected  by  nerve-fibres  with  the  surface  of  the  nucleus 
lenticulans  on  which  it  lies,  but  the  two  are  united  together  by  means  of 
loose  connective  tissue.  A  few  slender  and  seemingly  inconstant  nerve- 
fibres,  which  penetrate  the  surface  of  the  ganglion,  form  an  exception  to  the 
general  ruh?. 

The  two  inner  divisions  of  the  nucleus  lenticularis  are  distinguished  from 
the  much  larger  third  division  by  their  great  richness  in  medullated  fibres, 
which  gives  them  the  name  of  globus  pallidus.     This  is  due  to  the  fact  that 
the  third  division,  while  containing,  in  virtue  of  its  position  at  the  base  of 
the  wedge,  more  gray  substance  than  does  either  of  the  others,  is  traversed 
only  by  as  many  fibres  as  arise  within  its  own   limits,  while  the  inner 
divisions  are  traversed  by  fibres  coming  from  the  third  division  and  bound 
for  the  basis  cruris,  as  well  as  by  their  own.      Just  as  the  corpus  striatum 
stretches  its  slender  posterior  extremity  forward  to  the  point  of  the  tem- 
poral lobe,  so  also  the  nucleus  lenticularis  thrusts  its  temporal  process   (pe- 
dunculus  nuclei  lenticularis),  which  is  of  inconsiderable  size  in  comparison 
with  its  frontal  portion,  toward  the  same  lobe  to  receive  its  medullaiy  rays. 
The  upper  border  (as  it  appears  in  cross-sections)  (fig.  268)  of  the  nu- 
cleus lenticularis  represents  its  central  pole,  where  the  fibres  of  the  corona 
radiate^  leaving  the  inner  capsule,  penetrate  into  the  ganglion  substance. 
That  which  appears  in  cross-sections  as  the  lower  border  of  the  nucl.  lentic, 
and  its  inner  extremity,  i*epresents  the  peripheral  pole  of  the  ganglion,  from 
which  a  large  paH  of  the  fibres  of  the  basis  cruris  proceed.     It  is  evident 
from  the  form  of  the  nucleus  lenticularis,  that  its  contingent  of  fibres  receiv- 
ed from  the  cortex  of  the  frontal  and  parietal  lobes  must  be  incomparably 
greater  than  that  from  the  occipital  and  temporal  lobes.     Apart  from  the 
quantitative  distribution  of  the  fibres,  however,  the  lenticular  nucleus  must 
be  regarded  as  standing  in  connection  with  all  parts  of  the  cortex  cerebri. 
The  walls  of  the  fissure  of  Sylvius  also,  i,  «.,  the  island  of  Keil  and  the  sur- 
rounding parts,  send  their  projection-system  fibres  into  this  ganglion.     These 
fili-es  from  the  island  of  Reil  run,  however,  by  no  means  in  straight  lines 
into  the  convex  surface  of  the  third  division  of  the  ganglion,  which  lies  so 
nearly  in  apposition  to  the  island,  but  they  follow  rather  a  curving  course, 
nmning,  while  in  the  medullary  substance  of  the  island,  parallel  to  the  con- 
vex surface  of  the  lenticular  nucleus,  then  passing  over  the  edge  of  the  same 
into  the  inner  capsule,  and,  as  the  outermost  fasciculi  of  the  latter,  entering 
finally  into  the  ganglion.     The  fibres  of  the   1st  and  2d  members  of  the 
projection-system  which  traverse  the  nucleus  lenticularis  (consideiing  them 
for  the  moment  as  forming  one  continuous  system,  unbroken  by  the  inter- 
vention of  ganglion  cells),  take  by  no  means  the  shortest  and  most  direct 
path  through  the  ganglion,  but,  on  the  contrary,  describe  complicated  spiral 
lines,  made  up  of  descending  portions,  which  are  concentric  with  the  convex 
surface  of  the  ganglion  and  radiating  portions  which  are  directed  inwards 
(t.  e.,  towards  the  crus  cerebri).     All  the  radiating,  middle,  and  lower  fibrous 
bundles  in  the  third  division  of  the  nucleus  lentic,  for  instance,  entered  the 
ganglion  more  anteriorly  at  its  upper  border  and  descended  parallel  with  its 
convex  outer  surface  before  they  assumed  their  direct  course  toward  the 
basis  cruris.     The  bundles  of  fibres  become  aggregated  together  toward  the 
interior  in  constantly  increasing  numbers,  in  proportion,  of  course,  to  the 
length  of  time  that  the  line  (as  seei^in  cross-sections)  which  represents  the 
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receiving  surface  or  pole  of  the  ganglion  has  been  in  contact  with  the  cere- 
bral medullary  substance,  the  outer  end  of  this  line  being  regarded  as  its 
functional  zero-point,  as  it  were.  Thus  aggregated  together,  these  fibrous 
bundles,  whose  concentric  paths  were,  in  the  3d  division  of  the  ganglion, 
only  to  be  traced  by  the  microscope,  appear  as  defined,  plainly  visible  lines, 
the  mediUlary  partitions  (laminae  medu Hares)  between  the  divisions  of  the 
ganglion,  which  partitions,  since  they  also  contain  nerve-cells  and  are  inter- 
sected by  other  bundles  running  in  radiating  lines,  become  intricate  gan- 
glionic networks. 

The  number  of  the  large  nerve-cells  in  these  fibrous  partitions  is  very 
considerable,  and  they  are  plainly  disposed  with  their  long  axes  pointing  in 
the  direction  of  the  course  of  the  concentric  bundles.  In  the  globus  palli- 
dus  of  the  ganglion  the  nerve-celLs  are  closely  packed,  and  the  interstitial, 
amorphous,  connectile  substance  is  but  poorly  represented,  A  certain 
proportion  of  the  fibres  of  which  the  laminae  meduUares  are  composed  do 
not,  in  their  further  course,  traverse  both  or  even  one  of  the  inner  divisions 
of  the  lenticular  nucleus,  but  run  along  the  inferior  surface  of  the  ganglion 
directly  into  that  part  of  the  inner  capsule  which  belongs  to  the  cms  cerebri. 
On  the  surface,  obtained  by  cross-section,  of  the  cms  cerebri,  the  latter 
fibres  occupy  its  innei-most  segment,  in  order  to  reach  which  position  they 
not  only  pass  the  lower  surface  of  their  parent  ganglion,  but  also  cross  trans- 
versely the  external  and  central  fasciculi  of  the  crus  cerebri  in  the  form  of 
a  sort  of  sling,  which  is  pretty  nearly  parallel  with  the  ti^actus  opticus,  and 
is  designated  as  the  sling  of  the  lenticular  nucleus  (Linsenkem-Schlinge). 
(Fig.  268  and  270  ScM.),  This  so-called  sling  forms  the  lowest  sti*atum  of 
the  ansa  peduncularis  of  Gratiolet,  described  p.  G 91,  or  of  the  substantia 
innominata  of  Reil.  The  haste  shown  by  these  fibres,  coming  as  they  do 
from  the  most  externally  disposed  ganglia,  to  reach  their  interior  position 
at  the  expense  of  crossing  the  other  fibres,  is  probably  to  be  accounted  for 
by  their  being  destined  to  arrive  very  early  at  their  place  for  crossing  the 
median  Hue. 

These  innermost  fiasciculi  of  the  basis  cruris  cerebri  terminate  peripher- 
ally in  the  central  tubular  gray  matter,  as  high  as  at  the  region  of  the  corpus 
quadrigeminum  supeiius,  where  they  enter  the  nuclei  of  origin  of  the 
nervus  oculo-motorius  and  the  nervus  trochlearis,  after  first  crossing  the 
median  line,  just  as  the  anterior  pyramids  do  later  in  passing  into  the  latei-al 
columns  of  the  spinal  cord.  It  appears  indeed  quite  probable  that  this  ansa 
lenticularis  contains  within  itself  the  fibres,  by  means  of  which  the  nucleus 
lenticularis  is  brought  into  connection  with  the  collective  motor  nerves  of 
the  cerebrum. 

In  cross-sections  which  (fig.  271)  pass  through  the  posterior  end  of  the 
third  ventricle  the  formation  of  the  basis  cruris  appears  completed,  not 
only  as  regards  that  part  of  its  fibres  which  are  derived  from  the  nucleus 
caudatus  and  nucleus  lenticularis,  but  also  in  respect  to  the  fibi'es  derived 
from  the  cortical  substance  of  the  occipital  and  temporal  lobes,  which  form 
the  most  external  fasciculus  of  the  basis  cruris.  This  group  of  fibres  is,  at 
its  entrance  into  the  crus,  covered  over  by  the  posterior  tubercle  of  the 
thalamus  and  by  the  corpora  geniculata,  and  in  cross-sections,  therefore,  is 
to  be  seen  just  in  advance  of  these  ganglionic  masses  (fig.  2(56).  While 
descending  through  the  region  of  the  mid-brain  (corp.  quad.),  the  basis 
cruris  receives,  however,  a  contribution  from  the  third  of  its  ganglia  of 
origin,  the  gray  substance  of  Soemmering  (locus  niger,  substantia  nigra) 
(fig.  271,  272  IS),  This  broad,  thin  mass  of  ganglionic  substance  lies 
like  a  partition  between  the  basis  and  the  tegmentum  cruris  cerebri.     It 
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stands  in  connection  centrally  \i'ith  a  thin,  fan-shaped  layer  of  fibres  be- 
longing to  the  corona  radiata  which  terminate  in  it,  while  peripherally 
(fig.  271)  it  sends  out  fibrous  bundles  which  appear  on  the  transversely  cut 
surface  of  the  crus  cerebri  in  the  form  of  a  well-defined  network,  which  cuts 
up  the  inner  and  central  part  of  the  section  into  minute  divisions.  This 
network  encloses  straggling  elements  belonging  to  the  system  of  large  pig- 
mented cells,  to  which  the  ganglion  owes  its  name  of  substantia  nigra,  and 
besides  them  a  number  of  very  small  cells.  The  external  division  of  the 
basis  cruris,  that  which  is  derived  directly  from  the  coii^ex  cerebri,  remains 
free  from  admixture  with  the  fibres  of  the  substantia  nigra  of  Soemmering. 
The  basis  cruris  cerebri  has  then  four  diiferent  regions  of  origin.  They  are : 
1.  The  cortical  substance  of  the  occipital  and  temporal  lobes.  2.  2  he  nu- 
cleus  cavdatus.  3.  Tlie  mbdeus  lenticvlaris.  4.  The  substantia  nigra. 
The  fibres  ^mished  by  these  ganglia  are  so  distributed  that  the  most 
external  region  of  the  basis  is  made  up  of  fibres  derived  directly  from  the 
cortex  cei-ebri,  the  innermost  region  unquestionably  of  fibres  furnished  by 
the  nucleus  lenticularis  (sling  of  the  nucleus  lenticularis)  and  the  intermediate 
i-egion,  the  largest  of  all,  of  fibres  from  the  nucleus  caudatus  and  the  nucleus 
lenticularis  in  common.  The  fibres  from  the  substantia  nigia  of  Soemmer- 
ing are  distributed  among  those  from  the  other  ganglia  over  the  inner  and 
central  regions  of  the  basis  cruris. 

The  dimenfiions  of  the  ceiebral  lobes,  aad  those  of  the  basis  croriB  with  its  gfan- 
glia  of  origin,  whether  they  increase  or  diminish,  maintain  the  same  relative  propor- 
tions in  Mammal  braina  For  instance,  the  weight  of  the  cerebral  lobes  in  Man,  in 
.  the  harlequin  Ape,  or  in  the  Deer,  being  respectively  78;^,  70.8;?,  and  Q2%  of  the 
weight  of  the  entire  brain,  so  the  weight  of  the  lobus  caudicis  (Stammlappen= Island 
of  Reil,  together  with  nnclens  candatns  and  nnclens  lenticularis)  of  the  same  ani- 
mals is  respectively  58^,  40%,  and  33.8;?  of  the  weight  of  the  entire  caudex  cerebri 
(Himstamm),  and  farther  the  height  of  the  basis  cruris  is  to  that  of  the  tegmentum 
cruris  in  the  following  ratio :  in  Man,  of  1 : 1 ;  in  the  Ape,  of  1 :  8 ;  in  the  Deer,  of  1 :  5. 
This  relative  increase  in  size  of  the  ganglia  of  the  caudex  in  Man  affects  the  nucleus 
lenticularis  far  more  than  the  nucleus  caudatus,  which  is  probably  due  to  the  fact 
that  the  development  of  the  latter  is  dependent  upon  that  of  a  region  of  the  brain 
which  in  Man  ia  but  poorly  represented,  viz.,  the  olfactory  lobe. 

3.  The  Tegmentum  Cruris  Cerebri  with  its  Ganglia. 

The  ganglia  belonging  to  the  posterior  division  of  the  crus  cerebri  are,  as 
is  shown  by  a  comparison  of  the  size  of  the  two  in  different  animals,  func- 
tionally independent  of  the  cerebral  lobes,  and  are  but  poorly  developed  in 
the  Human  biuin  as  compared  with  that  of  the  lower  animals.  For  example, 
the  weight  of  the  thalami  optici  in  Man  constitutes  but  19;^  of  that  of  the 
entire  caudex  cerebii,  while  in  the  Ape  it  constitutes  22.95^,  and  in  the 
Deer  30%  of  the  same.  On  the  other  hand,  the  weight  of  the  coipus  quad- 
rigeminum  constitutes  in  Man  Q.o%y  in  the  Ape  10^,  and  in  the  Deer  16^  of 
that  division  of  the  encephalon. 

The  principal  ganglia  of  origin  of  the  tegmentum  are :  1.  77ie  thalamus  op- 
ticus. 2.  The  corpus  quadrigeminum.  These  ganglia  have  in  common,  be- 
sides their  connection  with  the  spinal  cord,  a  connection  with  the  ti'actus 
opticus  also.  This  latter  connection  they  share  with  the  corpora  geniculata, 
which  may  therefore  be  fairly  regarded  as  an  appendage  to  these  ganglia. 
The  t^mentum,  moreover,  receives  fibres  from :  3.  I' he  corpus  mammiUare; 
4.  A  ganglion  embedded  in  the  crural  sling  (ansa  peduncularis,  Himschen- 
kelschliuge) ;  5.  The  pineal  g^and  (conarium). 

The  thalamus  opticuSy  distinguished  by  the  color  of  its  belt  of  white  fibres, 
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the  Htratum  zonale,  from  the  gray  surface  of  the  nucleus  caudatus,  seems  at 
the  first  glance  to  present  its  own  gray  ganglionic  substance,  exposed  and 
uncovered,  at  that  part  of  its  surface  which  appears  in  the  third  ventricle. 
This  ventricular  gray  substance  forms  in  reality  a  layer  foreign  to  the  thala- 
mus itself,  and,  together  with  the  neighboring  tuber  cinereum,  with  which 
it  is  continuous,  with  the  in^ndibulum  and  the  posterior  part  of  the  hypo- 
physis cerebri,  belongs  to  the  central  tubular  gray  matter.  This  posterior 
part  of  the  hypophysis  in  which  the  tubular  gray  matter  ends  is  described 
by  Luschke  as  having,  like  the  inferior  extremity  of  the  same  gray  matter  in 
the  region  of  the  filum  terminale,  very  few  of  the  characteristics  of  nervous 
tissue,  but  rather  those  of  connective  tissue.  The  anterior  part  of  the  hypo- 
physis is  certainly  not  to  be  ranked  as  belonging  to  the  nervous  system,  but 
as  a  foreign,  simply  contiguous  formation.  It  contains  a  stroma  of  connec- 
tive tissue  which  encloses  vesicular  bodies  filled  with  cells  of  30—90/1  in 
length,  and  is  classed  by  Ecker  among  the  vascular  glands,  by  Henle  as  a 
formation  similar  to  the  medullary  substance  of  the  supra-renal  capsules. 

The  central  tubular  gray  matter  lining  the  third  vent/ride  has  not  yet  been 
described  with  monographic  accuracy.  At  present  the  following  formations 
alone  have  been  distinctly  traced : — 

1.  At  the  lateral  border  of  the  tuber  cinereum  lies  the  inferior  optic  gang- 
lion^ which  is  1.5mm.  broad,  and  contains  spindle-shaped  cells  30/1  in 
length  and  15fi  in  breadth.  It  begins  just  above  the  optic  commissure,  and 
stretches  along  immediately  over  the  tractus  opticus  as  far  as  the  posterior 
border  of  the  tuber  cinereum,  a  distance  of  more  than  a  centimetre.  I  re- 
gard, with  Luys,  this  optic  ganglion  as  a  part  of  the  tuber  cinereum,  because 
it  projects  downwards,  in  company  ¥dth  the  latter,  into  the  lamina  cinerea, 
beyond  the  surface  of  the  lamina  perforata  anterior,  of  which  J.  Wagner 
considers  it  to  be  a  part,  and  because  it  extends  farther  backward  tluin  the 
latter.  Like  the  tractus  itself,  however,  it  certainly  follows  the  inner  border 
of  the  anterior  perf.  space.  On  profile  sections  (Fig.  270  II')  this  ganglion 
has  a  sickle -like  shape,  the  concavity  looking  forward.  According  to  Luys, 
tho  two  ganglia  touch  at  the  median  line,  a  fact  which  I  have  not  been  able 
to  verify,  and  he  describes  the  roots  of  the  optic  nerve,  which  have  their  ori- 
gin in  them,  as  crossing  the  median  line  even  within  tho  tuber  cinereum, 
which  i^  certainly  a  mistake,  for  the  delicate  bundles  of  fibres  (which,  con- 
trary to  Foville's  opinion,  are  surrounded  by  medullary  sheaths)  take,  as 
soon  as  they  reach  a  position  just  over  the  chiasma,  an  outward  course  to 
enter  the  optic  nerve.  The  strongest  argument  for  the  existence  of  uncrossed 
fibres  in  thn  optic  nerve  is  therefore  afforded  by  the  course  of  the  fibres  in 
question,  as  here  described.  Appreciating  as  I  do  the  difficulty  of  deciding 
such  a  question  by  means  of  section  preparations,  I  do  not  feel  justified,  as 
regards  the  remainder  of  the  optic  nerve,  either  in  den3ring  or  confirming, 
from  personal  observation,  Biesiadecki^s  assertion  that  all  its  fibres  decussate 
in  the  chiasma  with  those  of  the  opposite  side. 

The  fact  that  the  opticus  stands  in  connection  with  the  central  tubular 
gi*ay  substance,  by  no  means  justifies  us  in  classing  this  so-called  nerve  with 
the  peripheral  nerves  that  spring  from  this  same  gray  matter.  The  analogy 
between  the  optic  chiasma  and  the  olfactory  chiasma,  the  retina  and  the  bul- 
bus  olfactorius,  as  well  as  the  resemblance  which  the  optic  fibres,  in  virtue  of 
their  fineness  and  the  absence  of  a  fibrous  sheath,  bear  to  the  fibres  of  the 
central  medullary  substance,  render  it  improbable  that  the  optic  nerve  be- 
longs to  the  peripheral  part  of  the  projection-system.  It  is  moi*e  probable 
that  the  root  of  which  we  have  been  speaking  should  be  regarded  as  a  part 
of  the  superior  knember  of  the  projection-system,  the  concentric  layers  of 
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gray  matter  of  the  retina,  which  are  analogous  to  those  of  the  cortex  cerebri, 
acting  as  its  central  extremity,  the  inferior  optic  ganglion  as  its  peripheral 
extremity,  in  which  case  certain  as  yet  undiscovered  nerve  tracts  must  be 
supposed  to  pass,  by  way  of  the  oenti'al  tubular  gray  matter,  to  some  organ 
of  the  periphery,  perhaps  to  the  muscles  of  the  eye. 

2.  Immediately  behind  the  inferior  optic  ganglion  lies,  enclosed  within 
the  tuber  cinereum,  a  certain  commissure  (fig.  268,  A)  whose  fibres  turn 
backwards  within  the  oentiul  tubular  gray  matter,  their  termination  being 
as  yet  unknown. 

3.  Without  entering  into  connection  with  the  substance  of  the  thalamus, 
there  runs  along  the  central  tubular  gi*ay  matter,  at  first  of  the  third  ventricle, 
later  of  the  aqueductus  and  fourth  ventricle,  the  posterior  longitudinal  fasci' 
cuius  of  the  tegmentum  cruris  cerebri  (figs.  268  to  276,  L).  This  fasci- 
culus terminates  centrally  in  a  broad  thin  ganglion  (fig.  268,  X),  which  lies 
beneath  the  ansa  lenticularis,  and  constitutes  the  second  stratum  of  the  mass 
called  by  Reil  substantia  innominata,  by  Gratiolet  anse  pedonculaire,  which 
passes  transversely  across  the  basis  cruris  above  the  tractus  opticus  (fig. 
268,  Schl^  Z),  The  cells  of  this  ganglion  extend  into  the  external  capsule 
whose  component  fibres  (except  in  so  &r  as  they  belong  to  the  association 
system),  coming  from  the  cortex  of  the  operculum  (Klappdeckel)  and 
passing  over  the  surface  of  the  nucleus  lenticularis  without  penetrating  into 
it,  converge  regularly  and  terminate  in  this  ganglion  of  the  ansa  pedun- 
cularis.  Scattered  bundles  of  fibres,  with  and  without  spindle-shaped  cells, 
about  50/x  long  and  15^  broad,  which  lie  inserted  in  their  course,  traverse 
in  this  process  the  superficial  layers  of  the  third  division  of  the  nucleus 
lenticularis.  Besides  the  operculum,  the  other  parts  of  the  walls  of  the 
fossa  Sylvii  send  fibres  to  this  ganglion,  and  part  of  them  come  from  the 
cortex  of  the  island  of  Reil  and  from  the  temporal  lobe,  travei-sing  the 
claustrum  on  their  way.  The  posterior  longitudinal  fasciculus  receives 
further  fibrillsd  from  the  lowest  part  of  the  infundibulum.  These  latter 
fibres  run  across  the  inner  side  of  the  anterior  pillars  of  the  fornix,  while  the 
gi'eat  mass  of  the  posterior  longitudinal  fasciculus  lies  to  the  outside  of  these 
pillars. 

4.  The  descending  branch  of  the  anterior  pillar  of  the  fornix  also  lies  in 
the  central  tubular  gray  matter,  as  well  as  the  first  parjb  of  the  ascending 
branch,  before  it  penetrates  the  substance  of  the  thalamus  opticus  (fig.  269, 
JIZ,  JFa). 

According  to  Meckel,  Arnold,  Jung,  and  Luys,  the  descending  branch  of 
the  cms  fomicis  becomes  fused,  before  its  entrance  into  this  gray  matter, 
with  the  anterior  extremity  (but  surely  not  with  the  whole  length  I)  of  the 
stria  cornea,  and  the  habenula  conarii  (Zirbelstiel).  Together  with  the  crura 
fomicis,  the  upper  half  of  the  spherical  (xyrpus  candiccms  (fig.  269,  M)  be- 
comes embedded  in  the  inferior  pai*t  of  the  central  tubular  gray  matter. 

The  corpus  candicans  (s.  mammiUare)  is  a  ganglion,  which  lies  in  a  loop 
made  by  the  anterior  pillar  of  the  fornix  in  twisting  back  upon  itself  (to 
enter  the  thalamus),  and  by  its  means  a  certain  number  of  the  fibres  of  the 
fornix  are  made  to  pass  directly  into  the  tegmentum  cruris  cerebri.  It  is  a 
mistake  to  suppose,  with  Jung,  that  the  fibres  from  the  fornix  simply  traverse 
the  substance  of  the  corpus  candicans,  and  that  the  superficial  nerve-fibres 
which  enclose  the  latter  are  to  be  referred  to  a  different  source.  On  the 
contrary,  the  descending  branch  of  the  cms  fomicis  first  invests  the  outer 
and  posterior  surfaces  of  the  ganglion,  and  then,  twisting  on  itself,  invests, 
under  the  form  of  the  ascending  branch  of  the  same  cms,  the  inner  and  an- 
terior surfaces. 
44 
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In  the  course  of  this  process,  a  poi-tion  of  the  fibres  of  the  fornix  traverse 
the  substance  of  the  ganglion,  which  contains  spindle-shaped  cells,  20  to  30  fi 
by  9  fly  and  from  the  upper  border  of  which  (fig.  269,  m)  issues  the  fasciculus 
destined  for  the  tegmentum  cruris.  The  greater  part  of  the  fibres  of  the 
cms  fomicis,  however,  simply  curve  round  the  outside  of  the  ganglion,  en- 
closing in  their  course,  especially  in  the  ascending  branch  of  the  cms  fornicis, 
nerve-cells,  30  to  45  /x  by  15  /*,  which  lie  strictly  parallel  to  the  fibres,  and 
which  appear  to  coincide,  in  point  of  size,  with  the  terminal  cells  of  this 
same  ascending  branch,  which  are  found  in  the  anterior  tubercle  of  the 
thalamus  (fig.  270,  G,  Ta),  The  fibres  of  the  fornix,  then,  terminate  at 
their  peripheral  extremity  in  cells  of  two  kinds,  of  which  the  smaller  are 
found  in  the  corpus  mammillare,  the  larger  in  the  tuberculum  anterius 
thalami  optici. 

An  entirely  false  idea  is  formed  of  the  shape  of  the  thalo/mus  optictut  if 
the  superficial  gray  matter,  of  which  we  have  just  been  treating,  be  regarded 
as  making  a  part  of  the  ganglion.  In  that  case  it  would  appear  as  if  the 
anterior  extremity  of  the  thalamus  reached  to  the  very  base  of  the  brain, 
whereas,  in  £eu^,  this  extremity  is  farther  removed  from  the  base  of  the 
brain  than  any  other  part  of  the  ganglion;  for  the  anterior  extremity,  which 
is  the  thinnest  part  of  the  thalamus,  lies  not  only  above  the  cms  cerebri,  but 
also  above  a  part  of  the  wedge-shaped  nucleus  lenticularis,  as  is  seen  in  cross- 
sections  (fig.  268,  alTy  X,  Z,  11^  III),  Even  Burdach's  illustration,  which 
compares  them  to  "  two  knobs  resting  upon  the  crura  cerebri,"  conveys  no 
correct  impression  of  their  shape.  The  form  of  the  thalamus,  subject,  of 
course,  to  irregularity  in  the  distribution  of  the  parts,  is  essentially  that  of 
an  arch  surrounding  a  transverse  axis,  which  was  the  underlying  form  of  the 
cerebral  lobes  also,  and,  among  the  ganglia,  of  the  corpus  striatum.  Just 
as  the  nucleus  lenticularis  served  as  an  axis  for  the  corpus  striatum,  so,  for 
the  arch  made  by  the  thalamus,  that  place  is  taken  by  certain  transversely 
laid  ganglia,  or  rather  in  part  by  the  ganglia  themselves,  in  part  by  the 
nerve-tracts  that  run  transversely  from  them  into  the  medullary  substance 
of  the  cerebrum.  These  axes,  round  which  the  thalamus  arches,  are  the 
brachia  corp.  quadrigem.  (fig.  260,  Q,  JBs)^  together  with  the  inierrud  eorp. 
geniculat.,  which  stands  in  close  relation  to  the  brachium  corp.  bigem.  infer, 
(fig.  266,  €ri).  That  part  of  the  thalamus  which  lies  anteriorly  to  the  axis 
of  the  arch  (fig.  266,  Th)  is  much  the  longer  portion  of  the  ganglion ;  that 
which  lies  posteriorly  (the  posterior  tubercle,  das  Pulvinar)  (fig.  266,  JP)  is 
by  far  the  shorter. 

At  the  region  of  the  tuberculum  posterius,  the  breadth  of  the  thalamus  is 
greater  than  at  any  other  part;  just  in  front  of  the  axis  comes  its  greatest 
thickness,  and  at  its  anterior  extremity  both  dimensions  are  less  than  any- 
where else. 

Such  being  the  general  form  of  the  thalamus,  it  is  proper  only  imder  cer- 
tain limitations  to  recognize  the  existence  of  special  nuclei  of  gray  substance 
within  its  limits ;  for,  strictly  speaking,  the  gray  matter  of  the  thalamus 
forms  but  a  single  mass,  nor  have  any  striking  differences  in  the  texture  of 
its  different  parts  disclosed  themselves  to  us  as  yet.  The  more  or  less  com- 
plete separation  of  the  substance  of  the  thalamus  into  different  nuclei,  is  due 
on  the  one  hand  to  the  mamier  of  entrance  of  the  fibres  of  the  first  member 
of  the  projection-system,  and  on  the  other  to  the  mode  of  origin  of  the  fibres 
of  the  cru8  cerebri  within  the  ga/ngHon^  and  the  study  of  these  two  points 
will  make  clear  to  us  the  position  of  the  supposed  special  nucleL 

The  superior  member  of  the  projectuynrsyetem  then,  coming  from  the 
frontal  lobe,  from  the  walls  of  the  fossa  Sylvii,  and  from  the  temporal  lobe, 
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penetrates  in  fourfold  manner  into  the  anterior  exti-emity  of  the  thalamus. 
In  three  directions  blunt  processes,  so  to  speak,  project  from  the  substance 
of  the  thalamus  to  meet  the  fibres  from  the  corona  radiata,  and  unite  with 
the  compact  masses  of  medullary  substance  as  if  with  pedicles. 

1.  The  anterior  pedicle  of  the  thalamus  penetrates  from  the  frontal  lobe, 
between  the  corpus  striatum  and  the  nucleus  lenticularis,  directly  into  the 
anterior  extremity  of  the  ganglion,  taking  part,  on  its  way,  in  the  formation 
of  the  internal  capsule  of  the  nucleus  lenticularis  (figa.  266,  261,  mth). 
Once  within  the  substance  of  the  thalamus,  this  compact  group  of  fibres 
splits  into  a  cone  of  diverging  rays,  in  consequence  of  which  the  anterior 
part  of  the  thalamus  appears  on  longitudinal  sections  under  the  form  of  a 
blunted  cone  (fig.  261)..  The  most  superficial  portion  of  this  pencil  of  rays 
helps  to  form  the  stratum  zonale  before  it  penetrates  into  the  substance  of 
the  ganglion  proper.  2.  The  inferior  pedicle  of  the  anterior  tubercle  of  the 
thalamus  enters  from  the  substantia  innominata,  splits  up  in  like  manner 
into  a  i>encil  of  radiating  fibres  (figs.  268,  270,  St^  aK^  J^)y  and  some  of  its 
bundles,  especially  in  the  inner  division  of  the  thalamus,  may  be  traced  a 
long  distance  backwards.  This  pedicle  forms  at  its  origin  the  third  stratum 
of  the  ansa  peduncularis  (fig.  268).  Its  fibres  spring  from  the  cortex  of  the 
fossa  Sylvii,  and  from  that  of  the  temporal  lobe.  3.  This  third  stratum  of 
the  ansa  peduncularis  is  succeeded  by  a  fourth,  which  also  penetrates,  but  by 
a  more  indirect  route,  the  substance  of  the  thalamus,  viz.,  by  joining  itself 
to  the  component  fasciculi  of  the  stratum  zonale  (fig.  268,  Z),  which  pass  in 
spiral  curves  over  the  surface  of  the  ganglion  preparatory  to  entering  the 
superficial  layers  of  its  gray  matter.  The  substantia  innominata  of  Iteil 
admits,  then,  of  division  into  four  layers,  each  of  which  takes  a  different 
course :  1,  the  ansa  pedunculaiis  (Linsenkemschlinge),  destined  to  join  the 
basis  cruris ;  2,  the  ganglion  of  the  ansa  peduncularis  with  the  fibres  of  origin 
of  the  posterior  longitudinal  fasciculus  to  which  it  gives  rise ;  3,  the  inferior 
pedicle  of  the  thalamus  opticus ;  4,  the  fibres  destined  for  the  anterior  tem- 
poral portion  of  the  stratum  zonale.  The  course  of  each  of  these  sets  of 
fibres  composing  the  ansa  peduncularis  may  be  divided  into  two  portions. 
During  the  more  central  portion  of  their  course  the  fibres  generally  run  in  a 
direction  pai*allel  to  that  of  the  tractus  opticus  (fig.  268)  and  appear  on 
frontal  cross-sections  as  longitudinal  lines,  while  during  the  more  peripheric 
portion  of  their  course  they  become  visible  in  longitudinal  sections,  no 
longer  parallel  with  each  other,  but  beginning  to  diverge  toward  their  vari- 
ous terminal  destinations.  4.  The  fourth  mode  in  which  the  fibres  of  the 
first  member  of  the  projection-system  enter  the  anterior  part  of  the  thalamus 
is  that  adopted  by  the  ascending  branch  of  thecinis  fomicis,  which  represents 
the  cortex  of  the  gyrus  fomicatus  and  forms  the  superior  pedicle  of  the 
thalamus  (fig.  270,  G).  After  making  an  S-shaped  curve,  in  order  fii'st  to 
pass  to  the  inside  of  the  posterior  longitud.  fasciculus,  and  then  to  reach 
a  somewhat  external  part  of  the  thalamus,  this  ascending  crus  fornicis  passes 
directly  foi-wards  and  upwards,  and,  forking  into  two  parts,  as  may  be 
readily  seen  on  cross-sections,  it  spreads  out  its  fibres  in  the  superior  nucleus 
of  the  tfialamusy  whose  anterior  extremity  gives  rise  to  the  protuberance  on 
the  surface  of  the  ganglion  called  the  tuberculum,  or  genu  anterius  (fig. 
270,  Ta),  The  tuberculum  anterius  forms,  however,  only  the  head  (caput) 
of  a  sort  of  nucleus  caudatus  of  the  thalamus,  of  which  the  remainder  is 
represented  by  the  rest  of  the  above-mentioned  superior  nucleus,  which  is 
prolonged  backwards  and  outwards,  terminating  in  a  caudal  extremity  which 
disappears  in  the  pulvinar  (tuberculum  posterius).  This  mass,  although  by 
no  means  completely  separated  from  the  surrounding  ganglionic  substance, 


Digitized  by 


Google 


692  THE   BRAIN   OF   MAMMALS. 

is  the  best  defined  special  nucleus  of  the  thalamus,  for  the  stratum  zonale 
splits  into  two  layers,  which  embrace  it  as  it  were,  making  its  boundary-Unes 
easily  recognizable  both  on  longitudinal  and  on  cross-sections.  The  anterior 
portion  of  this  gray  nucleus  certainly  coalesces  with  the  substance  of  the  rest 
of  the  ganglion,  and  is  not  to  be  distinguished  from  it. 


Fig.  269.  Transparent  profile  section  pasHng  through  the  Human  thaUimui  opfiau 
near  its  inner  surface.  Th^  Thalamus  opticas  Q ;  ii,  Corpus  quadrigeminom ;  J^,  Co- 
narium  ;  H^  The  ganglion  mammillare  ;  2\  Tuber  cinereum  ;  /?,  Centnun  rabznm 
of  the  tegmentum  (ro&ier  Kem  d.  Haube) ;  8^  substantia  nig^ ;  A  marks  the  neigh- 
borhood of  the  aqueduotus  Sylvii ;  Il\,  chiasma  nerv.  opt  ;  t\  oommissnra  mollis ; 
///,  nervus  ocolo-motorius ;  Sz^  stratum  zonale ;  /,  fibres  traversing  the  inner  divisiaD 
of  the  thalamus,  coming  from  its  inferior  pedicle ;  Fd^  descending  branch  of  the  cnis 
fomicis;  Fa^  ascending  branch  of  same;  P,  oommissura  posterior;  L^  posterior 
longitudinal  fasciculus ;  if,  fibres  passing  from  the  corpus  mammillaie  to  the  teg- 
mentum cruriB  cer. 

The  internal  capsule  of  the  lenticular  nucleus  contains  fibres  destined  not 
only  for  the  anterior  extremity,  but  also  for  the  body  of  the  thalamus  opti- 
cus, which  have  their  origin  in  ih^  posterior  part  of  the  fro^Ual  lobe,  and  in 
the  temporal  lobe.  The  surfaces  of  the  thalamus  and  of  the  nucleus  lenticularis, 
taken  together  as  they  appear  in  cross-sections  (fig.  268),  represent  roughly 
the  two  halves  of  a  sq\iare,  of  which  the  diagonal  is  formed  by  the  internal 
capsule  by  which  the  two  ganglia  are  separated  (fig.  268).  While,  as  we  have 
seen,  the  upper  surfeice  (in  cross-sections  the  upper  border)  of  the  lenticular 
nucleus  formed  its  central  receiving  region  or  pole,  the  analogous  region  of 
the  thalamus  is  formed  by  its  lower  sui*face,  which  is  inclined  obliquely 
downwards  and  inwards,  for  it  is  this  surfiEice  which  is  in  contact  and  con- 
nection with  the  inner  capsule. 

It  should  scarcely  be  presumed,  however,  that  the  central  part  of  tlie 
thalamus  is  exclusively  in  connection  with  the  parietal  lobe  in  whose  imme- 
diate neighborhood  it  lies.  Apart  from  the  fact  that  the  fibres  of  the 
anterior  pedicle  of  the  thalamiLS  from  the  frontal  lobe,  and  those  of  the  ta- 
ferior  pedicle  from  the  temporal  lobe,  may  be  traced  backwards  for  some 
distance,  it  may  be  shown  that  the  temporsd  lobe  also  sends  out  fibres  that 
traverse  for  a  considerable  distance  the  superficial  regions  of  the  gray  matter 
of  the  thalamus.  These  latter  fibres,  arching  upwaixis  from  the  tempond 
lobe,  enter  the  thalamus  from  behind,  and  in  so  doing  they  cross  the  fibres 
from  the  corona  radiata  which  have  a  dii*ect  course  (from  the  parietal  lobe 
for  instance),  and  form  with  them  a  fibrous  web,  the  lattice-like  stratum 
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(Gitterschichte)  of  the  thalamus.  This  interlacement  takes  place,  not  in  the 
cerebral  medullary  substance,  but  just  within  the  limits  of  the  thalamus 
itself,  so  that  a  thin  layer  of  the  substance  of  the  latter  lies,  forming  as  it 
were  a  claustrum  for  the  thalamus  opticus,  impeifectly  separated  fi-om  the 
rest  of  the  ganglion  by  the  open-work  capsule  of  nerve-fibres  that  foim  its 
lattice-stratum,  or  rather  lies  enclosed  in  the  meshes  of  the  latter  (fig.  2G6, 

Fig.  270. 


Fig.  270.  Iraruparent  profile  Mction  through  the  anterior  tuberde  of  the  Human 
ihaiamue  opticus.  Ta^  tubercnlam  anterins ;  JK^  inner  diviaion  of  the  thalamna ; 
K^  Corp.  qnadrigem. ;  ]F,  neighborhood  of  the  aqueductua  Sylvii ;  RK,  red  centre  or 
nadeos  of  the  tegmentum ;  SS,  subatantia  nigra  of  Soemmering ;  F,  basis  cmria 
cerebri ;  //,  tractoa  opticoa ;  ZT,  Inferior  optic  ganglion  ;  Zi,  stratum  zonale ;  co,  an- 
terior commiasure ;  Ch^  posterior  commissure  bending  downwards  to  join  the  teg- 
mentum ;  O,  ascending  branch  of  the  cms  fomicis ;  JK^  L,  Se/iL  three  converging 
fasciculi  that  by  their  convenience  form  the  ansa  peduncularis ;  JK,  being  the  inferior 
pedicle  of  the  thalamus;  Z,  the  poeterior  longitudinal  fasciculus;  jSshlj  the  ansa 
lenticolaiis. 

betw.  Thy  and  JP).  The  merit  of  having  first  demonstrated  on  section-prepa- 
ration the  radiation  from  the  inner  capsule  into  the  thalamus  opticus  belongs 
to  KoUiker,  whose  histological  description  of  the  structure  of  the  brain,  in 
his  Microscopic  Anatomy,  shows  altogether  a  rare  comprehension  not  only  of 
the  gross  anatomy  of  the  organ,  but  also  of  the  minute  details  of  its  structure. 
In  the  posterior  regions  of  that  part  of  the  thalamus  which  is  still  exposed 
in  the  third  ventricle,  t.  «.,  the  part  anterior  to  the  posterior  tubercle,  the 
ganglion  is  in  direct  contact  with  the  cerebral  medullary  substance  proper, 
since  at  this  region  the  inner  capsule  is  no  longer  present,  its  limits  being 
the  same  with  those  of  the  nucleus  lenticularis,  which  does  not  extend  so  far 
posteriorly.  In  this  region  the  thalamus  may  be  separated  into  an  upper 
and  a  lower  division,  marked  off  from  each  other  by  a  process  of  medullary 
substance  that  projects  between  them  (fig.  271,  close  to  Illt),    The  gray  sub- 
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stance  of  the  upper  and  of  the  lower  division  of  the  thalamus  coalesce  com- 
pletely, and  the  two  are  traversed  conjointly  (fig.  271,  Th)  as  far  as  the 
innermost  of  the  laminsd  medullares  {T^),  of  which  we  shall  si>eak  again 
below,  by  exactly  similar  radiating  fasciculi  that  are  arranged  in  layers, 
which  alternate  with  layers  of  gray  substance  of  about  equal  thickness,  in 
which  the  fibres  terminate.  The  nerve-cells  of  the  thalamus  are  on  an 
average  30  /*  long,  by  10  /x  broad,  spindle-shaped,  and  disposed  with  striking 
regularity  parallel  to  the  radiating  fibres  just  referred  to.  Those  of  the 
superior  and  those  of  the  inferior  division  seem  to  be  of  the  same  size. 
These  radiating  fibres,  which  are  all  apparently  of  the  same  nature,  and 
which  terminate  thus  in  the  conjoined  superior  and  inferior  divisions  of  the 


Fig.  271.  Transparent  cross-section  from  Human  thalamus  opticus  and  crus  eerehri 
at  the  posterior  border  of  the  3d  ventri^He.  M,  cerebral  medullary  substance ;  Th, 
thalamus  opticus;  Fa,  3d  ventricle  lined  by  the  central  tubular  gray  matter  of  the 
inner  surface  of  the  thalamus ;  ff,  ganglion  habenulas ;  Cmy  the  centrum  media- 
num  of  Luys ;  (7,  corpus  genioulatum  externum ;  iVb,  nucleus  caudatus ;  T  T^  teg- 
mentum  cruris  cerebri  ;  J?  K,  centrum  rubrum  of  the  t^r^entum,  into  which  bun- 
dles of  fibres  are  seen  between  //,  /?,  and  S  to  pass  from  the  cerebral  meduUaiy 
substance ;  P,  basis  cruris  cerebri ;  8^  the  substantia  nigra  ;  //,  tractus  opticus ;  Ss, 
stratum  zonaJe ;  /?,  the  fibres  of  the  superior  division  of  the  thalamus  from  the 
medullary  substance  of  the  cerebral  lobes ;  //  R,  the  radiating  fibres  in  the  thalamua, 
which  pass  from  the  tractus  opticus  into  its  inferior  division ;  2^\  the  concentzio 
laminas  medullares,  made  up  of  fibres  destined  for  the  tegmentum;  Z,  posterior 
longitudinal  fasciculus  cut  across  transversely. 

thalamus,  have  nevertheless  two  distinct  centres  of  origin.  Those  of  the 
superior  division  are  to  be  traced,  apparently  without  exception,  to  the 
medullar^/  substance  of  the  cerebral,  lobe  of  the  same  side,  i.  e.,  they  originate 
in  the  cortex  cerebri,  while  those  of  the  inferior  division  come  evidently  from 
the  tractus  opticus,  i.  e.,  from  the  retina,  forming  the  so-called  middle-root  of 
the  tractus,  to  be  referred  to  again  below.     The  latter  set  of  fibres  pass  from 
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the  medullary  subRtance  of  the  ti-actus  between  the  external  corpus  genicu- 
latum  (fig.  271,  c)  and  the  basis  cruris  (P),  about  12  mm.  in  front  of  the 
posteiior  border  of  the  tuberculum  posterius,  into  the  substance  of  the 
thalamus.  The  perfect  similarity  which  thus  exists  between  the  modes  of 
connection  of  the  thalamus,  on  the  one  hand  with  the  retina,  and  on  the 
other  with  the  cortex  cerebri,  seems  to  entitle  the  former  to  be  considered  as 
a  nervous  centre  of  equal  morphological  significance  with  the  latter.  The 
propriety  of  this  view  of  the  significance  of  the  retina  is  confirmed  by  the 
fact  that  the  mode  of  origin  of  the  centrifugal  tracts  of  the  cms  cerebri  in 
the  thalamus  is  totally  unlike  that  of  the  fibres  of  the  tractus  opticus,  which 
indicates  a  want  of  analogy  between  the  tractus  opticus  and  the  peripheral 
nerves,  and  between  the  retina  and  i  he  terminal  structures  of  these  nerves, 
that  is  not  less  striking  than  the  ai  ilogy  which  has  been  shown  to  exist 
between  these  parts  and  the  medulla  and  cortex  cerebri.  Further,  in  con- 
nection with  the  similarity  referred  to,  between  the  mode  of  termination  in 
the  thalamus  of  the  fibres  from  the  cortex  cerebri  and  from  the  retina,  may 
be  mentioned  the  fact,  which  has  been  recognized  even  by  Arnold,  that  the 
tractus  opticus  takes  part  in  the  formation  of  the  stratum  zonale  of  the 
thalamus,  which  is  otherwise  derived  exclusively  from  the  first  member  of 
the  projection-system,  i.  e,,  from  the  cortex  cerebri. 

The  connection  which  exists  between  the  posterior  regions  of  the  thala- 
mus and  the  occipital  and  temporal  lobes  has  already  been  treated  of 
(p.  679).         . 

The  tegmentum  cruris  cerebri  springs  in  threefold  manner  from  the  thal- 
amus opticus  :  1,  in  the  form  of  the  fibres  of  the  posterior  commissure  ^  2, 
in  the  form  of  the  lamince  me^iUlares  y  3,  in  the  form  of  the  fasciculus  from 
the  ganglion  of  the  habenvla  conariL  The  region  of  origin  of  the  last- 
mentioned  fasciculus  only  (Figs.  271,  H,  264  /),  is  to  be  traced  externally. 
It  projects  at  the  inner  border  of  the  stratum  zonale,  as  an  oblong,  club- 
shaped  body,  invested  by  fibres  which  constitute  its  portion  of  the  superior 
member  of  the  projection-system.  The  thick  crural  fasciculus  that  springs 
from  the  ganglion  of  the  habenula  {H')  bends,  under  cover  of  the  gray 
substance  which  lines  the  3d  ventricle,  into  an  S-shaped  curve,  so  as  to  pass 
first  to  the  outside  of  the  poster,  longit.  fasciculus  (X),  and  then  to  the 
inside  of  the  centrum  rubrum  of  the  tegmentum,  some  of  its  fibres  often 
traversing  the  latter,  and  then  turns  upon  itself  at  a  right  angle  just  behind 
the  substantia  nigra,  to  continue  its  course  as  the  most  anterior  and  interior 
fasciculus  of  the  tegmentum.  It  may  be  that  the  fasciculus  of  one  side  is 
derived  from  the  stratum  zonale  of  the  opposite  ganglion,  the  fibres  having 
crossed  the  median  line  in  the  posterior  commissure.  The  ganglion  habe- 
nulse  is  larger  in  animals  than  in  Man.  Its  nerve-cells  are  heaped  closely 
together,  giving  it  a  different  structure  from  that  of  the  rest  of  the  thalamus, 
and  resembling  that  of  the  pineal  gland  itself. 

The  two  other  regions  of  origin  of  the  tegmental  fibres  in  the  thalamus 
are  not  separated  the  one  from  the  other,  but  are  nevertheless  to  be  distin- 
guished by  the  peculiarities  of  their  structure,  as  two  districts  which  might 
be  separated  by  a  Hne  passing  from  the  outer  border  of  the  tuberculum 
anterius  to  the  outer  border  of  the  ganglion  of  the  habenula.  The  inner  of 
these  artificial  divisions  would  be  the  region  of  origin  for  that  part  of  the 
cms  cerebri  which  is  derived  from  the  posterior  cojnmissure,  the  outer  the 
region  of  origin  for  that  part  which  is  derived  from  the  lamince  meduUares. 

It  is  the  fibres  passing  from  the  cerebral  lobes  into  the  thalamus  by  way 
of  the  anterior  and  inferior  pedicles,  that  run  longitudinally  through  the 
inner  district  of  the  thalamus  (fig.   270,  J  K^  and  enter  the  posterior 
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commissure,  a  fact  which  cannot  be  demonstrated  on  section  preparations^ 
by  reason  of  the  inward  bend  which 'the  fibres  make  as  they  enter  upon  the 
latter  half  of  their  course,  but  which  may  be  traced  by  following  up  the 
fibres  in  properly  hardened  preparations.  These  fibres  are  disposed  in 
layers,  which  alternate  regularly  with  layers  of  gray  substance  of  about  the 
same  thickness  with  themselves,  and  in  the  cells  of  this  gray  substance 
(which  are  spindle-shaped,  30  /a  long  hj  10  fi  broad,  and  which  lie  par- 
allel to  the  fibres)  they  terminate  their  course  as  cerebral  fibres,  and  pro- 
ceed again  as  crural  fibres.  To  be  more  explicit,  the  fasciculi  of  the  poste- 
rior commissure,  having  passed  about  5  mm.  beyond  the  median  line,  run 
directly  forwards  to  join  the  tegmentum  (fig.  270,  Oh),  within  which  they 
pursue  their  further  course  downwards,  to  take  part  finally  in  the  formation 
of  the  spinal  cord. 

The  posterior  eoctemal  distadct  of  the  thalamus  bears  a  certain  resem- 
blance, in  point  of  stnicturey  to  the  nucleus  lenticularis,  for  here  as  there 
the  medullary  fibres  from  the  cerebral  lobeSy  as  they  pass  in  radiating  lines 
toward  their  terminal  cells,  are  intersected  in  their  course  by  concentric 
fibrous  laminae  which,  in  both  ganglia,  are  made  up  of  fibres  destined  for 
the  cru8  cerebri.  Of  these  concentric  lamin»  within  the  thalamus  (^gm 
271,  T*)i  anatomists  have  given  their  attention  to  the  innermost  only, 
which  Burdach  designates  as  lamina  mednUariSy  and  which  is  described  as 
separating  the  so-called  external  and  internal  nuclei  of  the  thalamus.  Since, 
however,  the  lamina  medullaiis  is  almost  strictly  confined  ta  the  posterior 
half  of  the  thalamus,  these  supposed  nuclei  are,  at  least  in  the  anterior  half 
of  the  thalamus,  no  longer  to  be  distinguished.  Luys  describes  this  medul- 
lary lamina  as  enclosing,  in  the  midst  of  the  substance  of  the  thalamus,  a 
nucleus  called  by  him  the  centrum  medianum,  which  is  thereby  sharply 
defined,  posteriorly,  superiorly,  inferiorly,  and  externally  (fig.  271,  Cmy 
The  cells  of  this  mass  do  not  diiFer  in  form  or  size  from  those  of  the  rest  of 
the  thalamus.  It  receives  its  entering  fibres  from  the  anterior  pedicle  of 
the  thalamus.  This  lamina  meduUaris,  however,  which  encloses  the  inner 
nucleus  of  Burdach,  the  centrum  medianum  of  Luys,  is  no  independent 
foimation,  but  only  the  innermost  of  a  number  of  medullary  laminie,  which 
contain  bundles  of  fibres  that  run  directly  into  the  tegmentum  cruris  cere- 
bri of  the  same  side,  without  crossing  the  median  line,  as  do  those  which 
pass  through  the  posterior  commissuie.  These  crural  fibres,  which  on  ci-oss- 
sections  may  be  demonstrated  to  surround,  in  their  further  course,  the  cere- 
bellar portion  of  the  tegmentum,  its  centrum  rubrum  (rothen  Kern)  (fig. 
271,  -K  JTwith  T)y  bear  the  same  relation  to  the  radiating  fibi^s  of  the 
thalamus  which  are  derived  from  the  retina  (fig.  271,  II H),  and  to  the 
radiating  fibres  derived  from  the  coi-tex  cerebri  (fig.  271,  -K). 

While  the  anterior  regions  of  the  thalamus  rest  immediately  upon  the 
fasciculi  of  the  internal  capsule,  or,  in  other  words,  upon  the  basis  cruris 
cerebri,  which  is  still  in  process  of  formation  (fig.  268),  farther  backwards 
two  fan-shaped  fibrous  expansions  from  the  corona  radiata  make  theii'  way 
between  the  basis  cixiris  and  the  thalamus  into  the  substance  of  the  latter. 
The  fibres  composing  the  upper  of  these  fem-shaped  groups  form,  by  their 
convergence,  a  cylindrical  body  that  becomes  the  centre  of  oi-ganization  for 
its  respective  half  of  the  t^pnentum,  and  which  receives  the  name  of  red 
centre  of  the  teffmentfim,  because  it  takes  up  among  its  fibi*es  a  large  num- 
ber of  nerve-cells  (which  are  for  the  most  part  very  small),  and  thereby 
swells  to  a  ganglionic  mass  (figs.  269,  270,  271,  272,  J?  K).  This  red 
centre  constitutes  the  first  nodal  mass  in  the  course  of  a  nervous  tract 
which  begins  under  the  form  of  the  above-mentioned  group  of  fibres  from 
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the  corona  radiata,  and  ends  in  the  cortex  cerebelli.  The  processus  cere- 
hetti  ad  eerebrv.m  (Bindearme)  constitute  an  exposed  fragment  of  this 
connecting  tract  between  the  two  cortices. 

The  second  and  more  slender  fan-like  expansion  of  fibres,  situated  below 
the  first,  attaches  itself  to  the  i)ointed,  outwardly-directed  extremity  of  the 
substantia  nigra  of  Soemmering,  whose  relation  to  the  basis  cruris  has 
already  been  discussed.  After  the  entrance  of  these  groups  of  fibres,  the 
thalamus  lies  directly  upon  the  eras  cerebri  (Fig.  271),  one  of  whose  two 
partB,  the  basis,  presents  a  fully  formed  structure,  while  the  other,  the 
tegmentum,  becomes  a  complete  structure  only  on  the  arrival  of  certain 
fibres  destined  for  the  spinal  cord,  which  are  contributed  by  the  corp. 
quadrig.  and  its  neighboiing  ganglia.  The  corp.  quadrigem,  and  thcdarmis 
opticus^  besides  being  in  connection  with  the  crus  cerebri,  both  receive 
fibres,  in  common  with  the  corpora  geniculata,  from  the  tractus  opticus. 
The  general  description  of  the  corpus  quadrigeminum  may  be  preceded  to 
advantage  by  an  examination  of  its  anatomical  relations  in  these  two  last 
mentioned  respects,  as  thereby  the  discussion  of  the  thalamus,  as  well  as  of 
the  other  cerebral  ganglia,  is  closed,  while  the  corp.  quadrigem.  forms  a 
border-station,  and  belongs  in  part  to  the  next  section  of  the  encephalon, 
viz.  :  the  pons  Varolii,  which  we  are  to  examine  later.  In  the  regions 
where  the  tractus  opticus  begins^  or,  more  properly  speaking,  where  it  termi- 
nates its  course^  the  posterior  extremities  of  the  thalami  (tuberculi  pos- 
terioros,  die  Polster)  divei-go  from  each  other,  thereby  leaving  room  for  the 
insertion  of  the  corp.  quadrig.,  and  project  beyond  the  limits  of  the  crura 
cerebri,  which  lies  more  toward  the  median  line.  Instead  of  upon  these 
latter,  the  posterior  tubercle  rests  upon  the  two  coi-poi-a  geniculata  (fig. 
272,  7%,  Gi,  Ge)^  and  the  fieiAciculi  of  the  stratum  zonale  of  the  thalamus 
converge  towards  the  commencement  of  the  tractus  opticus.  In  fact  the 
stratum  zonale  is,  as  we  have  seen,  made  up  of  these  fasciculi  which  come 
through  the  tractus  from  the  retina,  and  of  an  arched  tract  of  fibres  which 
come  from  the  medullary  substance  of  the  temporal  lobe,  and  run  parallel 
with  the  tractus.  The  tractus  has  then  a  twofold  connection  with  the 
thalamus,  once  by  way  of  the  superficidi  fibres  just  mentioned,  and  again  by 
way  of  the  deeper-seated  fibres  described  on  p.  694. 

The  corpus  geniculaium  extetmum  shows,  on  cross-section,  a  broad, 
heart-shaped,  i.  «.,  bilobate  surface,  which  characteristic  is,  in  ^g,  272,  Gcy 
not  sufficiently  pronounced.  JT,  Wagner  must  have  looked  upon  one  of 
these  fibres  as  constituting  a  special  formation,  for  he  desciibes  a  certain 
well-defined  nucleus  of  the  optic  nerve  in  the  thalamus,  which  he  repre- 
sents as  if  made  up  of  alternate  layers  of  gray  and  white  substance,  which 
is  nowhere  to  be  found  except  in  the  corpus  geniculaium  externum.  The 
gray  substance  of  the  corpus  geniculatum  externum  occurs  in  laminae,  and 
not  in  rounded  masses,  as  does  that  of  the  other  ganglia,  and  these  laminss 
are  folded  together  in  zigzag  fiEi«hion,  as  if  in  order  to  pack  them  into  a 
closed  capsule  of  medullary  substance.  If  the  structure  of  the  optic  nerve 
in  the  Fish  be  taken  as  a  guide,  where  the  gray  matter  is  in  like  manner  dis- 
posed in  folded  laminsa,  the  signification  of  the  sti  ucture  of  the  external  corpus 
geniculatum  may  be  intei^preted  as  follows: — A  layer  of  gray  substance 
may  be  imagined  as  lying  between  two  layers  of  medullary  substance,  one 
of  which  represents  the  medullary  substance  of  the  tractus,  and  the  other 
the  medullary  substance  of  the  hemispheres.  The  fibres  of  the  medullary 
laminss  may  then  be  supposed  to  have  entered  into  connection  with  the 
cells  of  the  interposed  gray  substance,  and  the  two  opposed  sets  of  laminie 
to  have  been  then  folded  together  in  zig-zag  fashion.     Thus  it  is  brought  to 
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pass  that  laminss  of  gray  and  white  substance  would  alternate  continually 
with  each  other,  as  is  seen  to  be  the  case  in  the  corpus  geniculatum 
externum,  in  whatever  direction  the  section  be  made.  The  cells  of  this 
ganglion  are  30 — 48  fi  in  length  and  15  p,  in  breadth,  and  are  for  the  most 
part  coarsely  granular,  and  contain  pigment.     That  portion  of  the  tractus 

Fig.  272. 


Fig.  272.*  Tranfiparent  eross-aeethnfrom  the  gnngUa  of  origin  of  the  traetuH  optints 
in  the  Human  brain.  Jf,  the  medullary  substance  of  the  cerebnd  lobes  ;  /7,  tractus 
opticus ;  R  Ky  centrum  rubrum  tegmenti  (rother  Kern  der  Haube) ;  ^c,  nucleus 
caudatus ;  St,  stria  cornea ;  7'h,  tuberculum  posterius  thalami  optici ;  Qu^  corpus 
bigeminum  superius  (oberer  Zweihiigel);  Gi,  corpus  geniculatum  internum*  Ge, 
corpus  geniculatum  externum ;  S,  substantia  nigra ;  v4,  aqueductus  Sylvii ;  A  ,  cen- 
tral tubular  gray  matter  surrounding  the  aqueductus ;  B,  median  raphe  of  the  teg- 
mentum ;  La,  lamina  perforata  posterior  ;  Ii\  bundles  of  fibres  entering  the  tubercu- 
lum posterius ;  Bs,  brachium  corporis  bigemini  superioiis ;  Bt,  brachium  corporis 
bigeminum  inferioris.  The  most  inferior  bundles  of  the  corpus  geniculatum  internum 
which  come  from  Bi,  are  seen  to  enter  the  tractus  opticus.  TT,  root  of  the  optic 
tract,  from  the  corpus  bigem.  superius,  transmitted  by  the  corp.  genie,  internum ; 
Xpy  roof  of  aqueductus  Sylvii,  occupied  by  the  decussation  of  the  brachia  oorp.  bigem. 
superioris,  after  which  the  right  brachium  passes  on  to  join  the  stratum  lemnisci  of 
the  tegmentum  (Schleifenschicht  der  Haube)  (//.);  JTtf,  decussation  which  takes 
place  anteriorly  to  the  aqueductus,  between  the  fibres  which  originate  in  the  quintus 
cells  F,  and  make  their  way  through  the  tegmentum  ;  III,  roots  of  the  oculo-moto- 
rius ;  T,  district  of  the  tegmentum  containing  the  fibres  destined  for  the  spinal  cord ; 
K,  cross-seotJons  of  the  fasciculi  of  the  descending  root  of  the  5th  cerebral  nerve, 
with  the  bladder-shaped  oells  that  lie  at  the  side  of  them ;  X,  posterior  longitudinal 
fasciculus ;  ///,  common  nucleus  of  the  nervus  oculo-motorius  and  the  nervus  troch- 
learis  ;  P',  fibres  from  the  eras  cerebri,  that  traverse  the  raphe  (/?)  and  terminate  in 
the  nucleus  just  mentioned. 

which  stands  in  connection  with  the  external  corpus  geniculatum,  lying  to 
the  inside  of  the  superficial  set  of  fibi^es  which  connect  it  with  the  thalamus 
opticus,  and  to  the  outside  of  the  deep  set,  is  of  considerable  size  (fig.  272, 

-w> 

*  By  on  the  left  of  the  figure  should  be  B '.— Tbansl.  Note. 
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The  relation  of  the  two  corpora  geniculata  to  the  occipital  and  temporal 
lobes  has  already  been  treated  of  (tig.  266,  page  678.) 

Inwardly  from,  and  for  the  most  part,  also,  anteriorly  to  the  external 
portion  of  the  tractus  that  has  just  been  described,  lies  the  portion  which  is 
connected  with  the  oval  or  spindle-shaped  corj)U8  geniculatum  internum, 
which  ganglion  conducts  the  fibres  of  the  tractus,  by  which  it  is  traversed 
as  if  by  meridian  lines,  to  both  the  superior  and  the  inf&i-ior  corpus  higemi- 
num.  The  spindle-shaped  cells,  25  /*  in  length  and  6  /*  in  thickness,  of 
which  the  ganglion  is  composed,  effect  at  the  same  time  a  reduction  in  the 
number  of  these  fibres.  The  fibres  that  thus  connect  the  tractus  opticus 
with  the  superior  corp.  bigeminum,  pass  in  diverging  rays  inferior ly  and 
somewhat  posteriorly  to  the  brachium  corp.  bigem.  superioris,  into  the  small 
nerve-cells  of  the  ganglion  (fig.  272,  6rt,  W). 

Besides  this  mediate  connection  between  the  corpus  quadrigeminum  and 
the  tractus  opticus,  a  direct  connection  is  effected  by  fibres  that  may  be 
traced  from  the  tractus  directly  into  the  brachium  corp.  higem,  ivferioris. 
No  more  convincing  argument  could  be  found  for  the  propriety  of  regard- 
ing the  optic  nerve  as  morphologically  a  part  of  the  cort-ex  cerebri,  and  not 
a  peripheric  nerve,  than  is  furnished  by  the  fact  that  a  portion  of  its  fibres 
thus  attach  themselves  to  the  arm  of  tJie  inferior  corpus  higerninnm,  which 
is  essentially  nothing  but  a  fasciculus  of  the  corona  radiata,  having  its 
origin  in  the  cortex  cerebriy  and  its  termination  in  the  said  ganglion  (fig. 
272,  Gi,  Bi). 

Connected  as  it  is  with  both  divisions  of  the  corp.  qvndrigem.,  the  internal  corpus 
geniculatum  keeps  the  Bame  relative  position  to  these  ganglia,  in  point  of  development, 
throughout  the  Mammal  series.  The  size  of  the  internal  corpus  geniculatum  maintains 
also  a  constant  proportion  to  that  of  the  tegmentum  itself,  probably  not  alone  on  ac- 
count of  the  relation  of  this  ganglion  to  the  corp.  quadrigem. ,  but  al^o  because  it  is 
iteelf  really  one  of  the  ganglia  of  origin  of  the  tegmentum,  by  reason  of  the  fibres 
which  it  sends  to  join  the  arm  of  the  inferior  corp.  bigem. 

The  inneiTOost  fibres  of  the  tractus  opticus  in  part  embrace  the  basis 
cruris,  in  part  intertwine  themselves  with  the  outermost  fasciculi  of  the 
latter.  (Fig.  271.)  The  further  course  of  this  gi-oup  of  fibres  is  not  known 
to  me.  I  can,  however,  say  with  certainty  that  they  do  not,  as  appears  at 
the  first  glance,  and  as  Burdach  believed,  unite  with  the  substantia  nigra, 
though  the  latter  certainly  lies  veiy  near  them.  On  the  contrary,  they 
always  seem  t-o  terminate  suddenly,  near,  or  posteriorly  to,  this  ganglion. 

The  region  of  the  corpus  qtiadrigeminum  lies  inwardly  from  the  so-called 
optic  region  (Sehursprung),  and  consists  of  three  supei-posed  and  fused 
divisions,  disposed  about  the  aqueductus  Sylvii,  which  lies  somewhat  su- 
jieriorly  or  rather  posteriorly  to  a  plane  dividing  the  whole  region  under 
consideration  into  two  equal  parts  {^g.  272  A).  Above  (or  behind)  the 
afpeduct  lies  the  corp.  quadrigem.  proper,  having  between  its  two  halves 
the  roof  of  the  aqueduct.  In  front  of  the  aqueduct  (if  we  imagine  our- 
selves looking  at  a  cross-section)  lie  first  in  order  the  tegmenta  cruris 
cerebri,  fused  together  at  the  middle  in  the  raphe  (72),  and  having  for  their 
inferior  surface  the  lamina  perforata  posterior  (La).  Laterally  from  and 
anteriorly  to  the  tegmenta,  lie  on  either  hand  the  lowest  divisions  of  the 
region  marked  out  by  the  corpus  quadrigeminum,  the  basis  cruris  cerebri. 
Tlie  corp.  quadrigeminum  is  made  up  of  a  superior  and  an  inferior  pair  of 
ganglia,  which,  taken  together  with  their  respective  brachia  (the  fasciculi 
sent  to  them  from  the  cortex  cerebi-i  by  way  of  the  corona  radiata),  have, 
in  general  terms,  a  transverse  position  in  the  encephalon.  The  brachia 
inferiora  preserve  by  no  means  strictly  this  transverse  position,  for,  acting 
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as  the  axis  for  the  arch-shaped  thalamus  opticus,  they  are  pushed  forward 
by  the  posterior  tubercle  of  the  latter  (fig.  266  Si),  The  masses  of  gang- 
lionic substance  of  the  corp.  quadrig.  are  enclosed  between  a  supei^cial 
(fig.  272  Bs—Xp)  and  a  deep-seated  {lag.  272  Xp--Tl,  264,  m)  layer 
of  medullary  substance.  The  superficial  layer  forms  a  sort  of  streUum 
zancde,  such  as  invests  the  thalamus  opticus,  made  up  of  fibres  of  the  brachia 
coi-p.  quadrigem.,  which  is  the  only  set  of  fibres  belonging  to  the  first  mem- 
ber of  the  projection-system  that  are  visible  upon  the  surfiioe  of  the  brain. 
The  deep-seated  layer  of  medullary  substance  contains  the  fibres  contributed 
by  the  corp.  quadrigem.  to  the  tegmentum.  The  superficial  medullary 
system  of  one  side  is  continuous  with  the  dee|>seated  system  of  the  other, 
and  they  are  all  consequently  fused  together  at  the  middle  line.  Within 
the  posterior  fifth  of  the  length  of  the  corp.  quadrigem.,  the  deep-seated 
medullary  substance  is  no  longer  to  be  distinguished  as  a  separate  layer, 
having  lost  its  compactness  by  being  spread  through  the  gray  substance  of 
the  ganglion  (fig.  273  Q).  A  processus  corpoiis  quadrigemini  ad  cere- 
bellum certainly  exists,  probably  made  up  of  fibres  from  iSke  brachia  after 
their  decussation,  although  this  designation  is  by  no  means  deserved  by  the 
tract  to  which  it  is  usually  given  (the  processus  cerebelli  ad  cerebrum, 
Bindearm).  It  properly  belongs  to  the  frenulum  veli  medullaris,  which 
consists  demonstrably  of  two  similar  halves,  and  which  runs,  by  way  of  the 
valve  of  Vieussens,  into  the  superior  vermiform  process  of  the  cerebellum. 

A  cross-section  of  the  medullary  substance  of  the  corpus  quadrigeminum 
which  passes  through  the  middle  line  of  the  ganglion  (t.  0.,  a  median  longi- 
tudinal section  of  the  ganglion  in  its  natural  position),  shows  the  former  to 
be  directly  continuous  with  the  medullary  substance  of  the  posterior  com- 
missure (fig.  264  m').  This  posterior  commissure  is,  however,  in  connec- 
tion not  only  with  the  thalamus,  as  has  been  described,  but  also  with  xhe 
ganglionic  substance  of  the  pineal  gland  (conarium),  and  with  that  of  its 
pedicle,  the  habenula.  This  entire  medullary  formation  of  the  |>osterior 
commissui*e  appears  on  a  longitudinal  section  of  the  brain  (fig.  264,  m%  Zy 
Z')  as  an  S-shaped  appendix  to  the  central  part  of  the  medullary  substance 
of  the  corpus  quadrigeminum.  The  lower  curve  of  the  S  is  formed,  1.  by 
the  cross-section  of  the  groove  made  by  the  posterior  commissure,  its  open- 
ing looking  backwards,  its  upper  curve  (2)  continuous  with  the  lower  by 
the  section  of  the  medullary  substance  of  the  conarium^  which,  as  the  fibres 
curve  round,  parallel  with  its  surface,  also  appears  as  a  groove  whose  open- 
ing looks  forwards,  and  the  beak  of  the  S  by  the  ganglion  hahenulcB  of  one 
side  or  the  other,  together  with  its  longitudinal  fibres  that  divide  oflF  the 
thalamus  opticus  from  the  gray  substance  lining  the  3d  ventricle,  and  that, 
according  to  Arnold^  Luys^  Jung^  Inzani,  and  J^enwigne,  stand  in  con- 
nection with  the  fornix  also.  In  the  early  stages  of  development  in  the 
Human  brain,  and  permanently  in  many  Mammal  brains,  the  pineal  gland 
itself,  as  well  as  its  pedicle,  is  split  into  two  halves  (Luys). 

Burdach  and  Arnold  have  found  true  commissural  fibres  in  the  posterior 
commissure. 

TJie pineal  gland  has  often,  but  improperly,  been  compared  to  the  hypo- 
physis cerebri.  Luys  regards  it  as  a  prolongation  of  the  gi*ay  substance  of 
the  third  ventricle.  Arnold  very  properly  declared  it  to  be  separated  by  its 
medullary  substance  from  that  gray  substance.  It  should  in  truth  be  con- 
sidered as  a  ganglion,  and,  like  the  ganglion  of  its  pedicle,  which  is  similarly 
constructed,  it  is  connected  on  the  one  hand  with  the  medullary  substance 
of  the  cere'bral  lobes,  and  on  the  other,  by  means  of  the  posterior  commis- 
sure, with  the  crus  cerebri.     It  may  then  be  reckoned  among  the  ganglia 
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of  origin  of  the  Ugmentvm,  It  contains  cells  of  two  different  sizes,  the  one 
15fiin  thickness,  the  others  very  small,  only  6 /a  in  thickness,  and  its 
structure  only  differs  from  that  of  the  other  cerebral  ganglia  in  that  its  cells 
are  crowded  very  closely  together.  In  the  habenula,  layers  of  cells  often 
alternate  with  layers  of  nerve-fibres,  a  formation  which  calls  to  mind  tho 
alternating  layers  of  granules  and  fibres  in  the  bulbus  olfactorius.  The 
neighborhood  of  the  medullary  substance,  as  weU  as  the  universal  presence 
of  processes,  characterize  the  cells  described  as  nervous  elements.  The 
crowded  arrangement  of  these  cells  is  like  that  of  the  cells  in  the  stratum 
corporum  arctorum  of  the  comu  ammonis,  and  this  peculiar  mode  of  ar- 
rangement and  minute  size  is  found  also  among  the  cells  of  the  olfactory 
lobe,  the  cortex  cerebelli,  and  certain  cell-masses  in  the  coi7)us  striatum. 
The  latter  ganglion  contains  also  collections  of  larger  nerve-cells. 

The  fibres  of  the  fii-st  member  of  the  projection-system  from  the  cortex 
cerebri  enter  the  corpus  quadrigeminum  by  way  of  the  bracbia  corp.  bi- 
gem.  superioris  (fig.  272  Be)  et  inferioris  (fig.  272  Bi,  273  ^  x  ).  The  bra- 
chium  Corp.  bigem.  superioris  traverses  the  thalamus  opticus  just  above  the 
two  corp.  geniculata,  leaving  between  itself  and  them  a  portion  of  the  sub- 
stance of  Uie  thalamus  which,  on  sections,  appears  triangular  (fig.  272,  Bs^ 
Oe,Gi). 

The  fibres  of  the  brachia  corp.  quadrigem.  terminate,  perhaps,  like  the 
fibres  of  the  corona  radiata  in  general,  in  the  ganglion  of  the  same  side  with 
the  hemisphere  from  which  they  spring.  The  median  decussation  between 
the  fibres  of  the  two  sides  takes  place  after  interruption  of  the  fibres  by  the 
cells  of  the  corp.  quadrigem.,  or,  in  other  words,  takes  place  between  spinal 
cord  fibres,  which  have  sprung  fi-om  the  substance  of  the  ganglion. 

That  which  has  just  been  said  respecting  the  mode  of  termination  of  the 
brachia  corp.  quadrigem.  undoubtedly  holds  good  as  regards  those  fibres 
that  plunge  at  once  into  the  midst  of  the  substance  of  the  ganglion,  and  it 
may  also  without  hesitation  be  assumed  to  be  true  of  the  fibres  that  take 
part  in  the  formation  of  the  stratum  zonale  of  the  corpus  quadrigeminum, 
for  the  reason  that  the  cells  of  the  corp.  quadrig.  are  not  confined  exclusive- 
ly to  the  gray  substance  of  the  special  nuclei,  but  ai-e  scattered  abundantly 
through  the  external  layers  of  the  stratum  zonale,  so  that  the  component 
fibres  of  the  latter  are  by  no  means  obliged  to  penetrate  into  the  substance 
of  the  gray  nuclei,  which  would  be  possible  only  after  they  had  crossed  the 
median  line  in  order  to  find  their  terminal  cells.  It  is  not  so  easy  to  dis- 
cover the  course  adopted  by  the  most  anteiior  fibres  of  the  brachium  corp. 
bigem.  as  respects  their  decussation,  inasmuch  as  on  cross-sections  from  the 
brain  of  the  Ape,  these  fibres  are  seen  to  pass  through  the  thalamus  opticus, 
not  as  a  compact  group,  but  separated  irregularly  from  one  another  by  the 
substance  of  the  latter,  whei*eas  they  are  collected  into  a  compact  fasciculus 
as  they  traverse  the  superior  corpus  bigeminum.  It  is,  however,  probable 
(although  the  matter  needs  further  investigation),  that  the  fibres  in  question 
do  end  in  the  ganglion  of  the  corp.  quadrigem.  of  the  same  side,  and  they 
perhaps  accompli^  it  by  bending,  when  in  the  neighborhood  of  the  median 
line,  and  running  backwards,  i,e.,  downwards  pai-allel  to  the  same,  to  decus- 
sate at  a  later  period.  The  probability  of  the  truth  of  this  explanation  is 
strengthened  by  the  fact  that,  in  longitudinal  sections  through  the  cor- 
pus bigeminum  superius,  certain  fine  longitudinal  fibres  are  to  be  seen,  dis- 
tributed through  the  gray  substance  (fig.  264  Q' )  and  running  from  the 
point  of  the  entrance  of  the  brachium  corp.  bigem.  superioris  towards  a 
more  posterior  portion  of  the  median  line,  where  they  decussate. 

It  has  already  been  remai-ked  that  the  brachium  corp.  bigem.  inferioris 
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is  joined,  during  its  passage  through  the  corp.  genicidatum  internum^  by 
fibres  from  tlie  tractus  opticus. 

The  gray  substance  lining  the  inner  surface  of  ike  corpus  quudrigemi- 
num  belongs,  like  that  on  the  inner  surface  of  the  thalamus  opticus,  to  the 
central  tubular  gray  matter.  This  gray  substance  surrounds  the  aqueduc- 
tus  Sylvii,  as  a  continuation  of  that  which  lines  the  3d  ventricle.  Hei-e, 
too,  the  description  of  the  ganglia  of  the  corp.  quadrigem.  should  be  pre- 
ceded by  a  description  of  thLs  gray  substance,  because,  since  the  two 
masses  lie  so  near  each  other,  and  are  so  intimately  connected,  the  significa- 
tion of  the  former  will  thereby  be  made,  in  certain  respects,  more  intelligi- 
ble. The  central  tubular  gi'ay  substance  surrounding  the  aqueductus  Sylvii 
is  limited  posteriorly  by  the  decussating  medullary  fibres  of  the  corp.  quad- 
rigem., anteriorly  by  the  posterior  longitudinal  fasciculus  (hintei-er  lilngs- 
bundel)  (figs.  272,  273,  A'^Xp^  Bx^L).  It  is  bordered  laterally,  within 
the  limits  of  the  corp.  bigem.  superius,  by  well-defined  fibres,  which  are  on 
their  way  to  join  the  tegmentum,  while  in  the  region  of  the  corp.  bigem.  in- 
ferius  it  is  not  less  sharply  bordered  by  a  system  of  fasciculi  which  run 
more  or  less  parallel  with  the  aqueductus,  and  which  show  on  cross-section 
a  chain  of  cut  surfaces  (fig.  273,  5')  that  lies  externally  to  the  posterior  lon- 
gitudinal fasciculus.  These  fibres,  which  constitute  the  descending  root  of 
the  quintus,  become  gradually  developed  from  the  cells  surrounding  the 
aqueduct.  The  lumen  of  the  aqueduct,  which  differs  at  different  levels,  has 
been,  together  with  its  lining  of  cylindrical  epithelium,  described  by  Ger- 
lach.  If  the  ring  of  gray  substance  that  surrounds  it,  as  seen  on  cross-sec- 
tions, be  divided  into  two  half-iings  by  a  transverse  line,  drawn  in  the 
region  of  the  corp.  bigem.  superius  just  in  front  of  the  aqueduct,  in  the  re- 
gion of  the  coi-p.  bigem.  inferius  through  the  aqueduct,  the  posterior  half- 
ring  will  be  found  to  be  peopled  with  small  cells  25  /£  in  length  and  5  /x  in 
breadth,  and  the  anterior  half-ring  by  large  cells  30 — 50  ft  in  length,  15 — 25  ^ 
in  breadth.  The  larger  nerve-cells  occur  partly  dispersed,  i>artly  quite 
compactly  disposed.  Under  the  latter  form  they  constitute,  in  the  region 
of  the  upper  corp.  bigem.,  the  common  nucleus  of  origin  of  the  oculo- 
motorius  and  trochlearis,  which  is  bordered  by  limiting  fibres,  and  which, 
in  the  region  mentioned,  lies  posteriorly  to,  and  in  the  region  corresponding 
to  the  upper  half  of  the  corp.  bigem.  inferius,  in  an  excavation  in  the  pos- 
terior longitudinal  fasciculus.  To  the  same  region  belong  also,  in  fact,  the 
systems  of  scattered  cells  in  the  neighborhood,  which,  lower  down,  are  not 
to  be  distinguished  from  the  collections,  of  cells  which  people  the  eminentia 
teres. 

The  common  nudeus  of  the  oculo-motorius  and  trochlearis  stands  in  connec- 
tion :  1 .  With  the  Jlbrce  rectce  of  the  raphe  (fig.  272,  III  P  ),  of  whose  compo- 
nent fibres,  in  so  far  as  they  do  not  terminate  in  the  cells  which  lie  scattered 
in  the  raphe  itself,  the  innermost  radiate  in  diverging  lines  among  the  dis- 
persed cells  belonging  to  the  above-mentioned  nucleus,  the  central  and 
external  ones  pass  into  its  compact  portion,  the  nucleus  proper.  In  so  doing, 
these  fibres  describe  curves  whose  convexities  are  directed  outwards,  and 
the  innermost  somewhat  smaller  cells  of  the  nucleus  are  disposed  with  their 
long  axes  strikingly  parallel  to  these  ciirves.  The  fibrse  rectse  of  one  side 
deciissate  at  acute  angles  with  those  of  the  other  side.  They  have  their 
origin  in  the  nucleus  lenticularis,  and  form  (as  already  described)  the  most 
inferior  stratum  of  the  ansa  pedimcularis,  then  the  innermost  fasciculus  of 
the  basis  cruris.  They  bear  the  same  relation  to  the  nucleus  of  the  oculo- 
motorius  and  trochlearis,  that  the  fibres  which  cross  with  the  anterior  pyra- 
mids bear  to  the  nuclei  from  which  spring  the  anterior  roots  of  the  spinal 
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nerves.  They  are  the  shortest  of  the  constituent  fihres  of  the  crural  system, 
because,  originating  as  they  do  in  the  nucleus  lenticular  is,  they  terminate 
peripherally  in  that  part  of  the  central  tu)>ular  gray  matter  that  contains 
the  nuclei  from  which  spring  the  most  superior  pair  of  the  motor  cerebral 
nerves. 

2.  From  the  substance  of  this  common  nucleus  of  the  oculo-motorius  and 
trochlearis,  in  which  these  fibres  terminate,  spring  the  roots  of  the  oculo- 
motorius  nerve  (fig.  272,  IIF)^  being  fibrous  bundles  of  considerable  thick- 
ness, which  run  forward  through  the  substance  of  the  tegmentum  to  the 
inner  side  of  the  cms  cerebri,  curving  outwardly  (as  if  in  continuation  of 
the  curves  described  by  the  fibrse  rectae),  and  passing  partly  through,  partly 
to  the  inner  side  of  the  red  centre  of  the  tegmentum.  The  entire  course  of 
the  fibres  which  terminate  in  the  oculo-motorius  furnishes  us  with  a  simple 
scheme  which  may  be  applied  to  the  course  of -the  great  mass  of  fibres  of 
which  the  projection-system  is  in  part  made  up,  those  which  run  by  way  of 
the  anterior  division  of  the  cms  cerebri,  its  basis,  to  the  collective  motor- 
nerve  roots  of  the  whole  cerebro-spinal  system.  The  superior  member  of 
this  simple  typical  projection-tract  consists  of  the  respective  fibres  of  the 
corona  radiata  that  terminate  in  the  nucleus  lenticularis ;  its  second  member, 
of  the  fibres  which,  springing  from  that  ganglion,  run  for  a  cei-tain  distance 
in  the  basis  cerebri,  cross  the  middle  line  as  fibrae  rectse  of  the  raphe,  and 
terminate  in  the  nucleus  of  origin  of  the  oculo-motorius  nerve,  which  latter 
forms  the  third  member  of  the  same  projection-tract.  The  size  of  the  fibrous 
bundles,  the  number  of  their  component  fibres,  and  the  calibre  of  the  indi- 
vidual fibres,  are  all  much  smaller  in  the  bundles  that  enter  from  the  cms 
cerebri  into  the  nucleus  of  the  oculo-motorius,  than  in  the  nerve-roots  that 
pass  off  from  the  same  nucleus,  a  fact  which  is  in  accordance  with  the  state- 
ment made  by  Deiters,  which  certainly  in  many  cases  admits  of  confirmation, 
that  a  change  in  the  structure  of  the  nerve- fibres  accompanies  the  interrup- 
tion of  their  course  by  the  cells  of  every  central  ganglionic  nucleus. 

3.  From  the  same  nucleus  spring  the  roots  of  the  nervus  trochlearis. 
The  decussation  of  this  pair  of  nerves  (i,  e.,  of  the  fibres  that  make  up  the 
nerve-tract  of  which  the  trochlearis  is  the  peripheral  portion)  takes  place,  as 
Stilling  has  demonstrated,  not  previous  to  their  entrance  into  the  nucleus, 
but  after  the  formation  of  the  nerve-roots  proper,  and  immediately  before 
their  exit  from  the  brain,  in  the  valve  of  Vieussens  just  below  the  corpus 
quadrigeminum  (fig.  274,  4). 

According  to  this  view  of  the  case,  it  would  seem  probable  that  the  fibres 
which  connect  the  trochlearis  with  the  cerebral  lobes  do  not  decussate,  as 
do  those  which  run  to  the  oculo-motorius  under  the  form  of  fibne  rectse  of 
the  raphe,  unless  we  assume,  as  physiological  observations  do  not  justify  us 
in  doing,  that  a  second,  reversed  decussation  takes  place.  The  roots  of  tlie 
trochlearis  spring  principally  from  the  compact  portion  of  the  common 
nucleus,  and  .especially  from  that  part  of  it  which  lies  below  the  rest,  in  an 
excavation  in  the  posterior  longitudinal  fasciculus,  and  their  fibres  converge 
in  the  form  of  a  pencil.  On  cross-sections  made  through  the  upper  half  of 
the  lower  corpus  bigeminum,  these  fibres  are  seen  surrounding  and  forming 
a  border  for  their  nucleus  posteriorly.  In  the  region  of  the  lower  half  of 
the  same  ganglion,  these  converging  bundles  come  together  and  form  a  com- 
pact fasciculus,  whose  transversely  cut  surface  is  to  be  seen  on  cross-sections 
through  the  ganglion  at  the  extremity  of  the  transverse  axis  of  the  ring  of 
gray  substance  surrounding  the  aqueduct  of  Sylvius  (fig.  273,  4). 

The  entire  course  of  the  trochlearis,  whose  nucleus  of  origin  lies  anterior 
to  the  aqueduct  and  in  the  region  of  the  upper  corp.  bigem.,  while  its  final 


Digitized  by 


Googl(^ 


ro4 


THE   BRAIN   OF   MAMMALS. 


point  of  exit  lies  behind  the  aqueduct  and  below  the  lower  corp.  bigem., 
must  of  necessity  lie  in  a  plane  which  inclines  downwards  and  forwards 
from  the  point  of  origin  of  the  nerve,  and  encircles  the  aqueduct  of  Sylvius 
(Stilling).     Misapprehending  their  real  character,  Stilling  and  Deite/.'s  have 

Fig.  278. 


Fig.  273.  Transparent  crass-section  passing  through  the  lower  half  of  ths  corpus 
bigetninum  inferius  and  tJu  upper  portion  of  the  pons  VarolU,  Human  brain.  A^  the 
aqueductuB  Sylvii  enclosed  within  its  central  tubular  graj  substance ;  Q,  the  gang- 
lion of  the  Corp.  bigem.  inferius ;  Bs^  decussation  of  the  brachia  corp.  bigem.  iuferi- 
oris ;  8^  pedunculus  corp.  bigem.  infer,  (lemniscus) ;  m,  superior  lamina  of  the  lem- 
niscus, from  the  corp.  bigem.  superius ;  Ba,  processus  cerebelli  ad  cerebrum,  in  pro- 
cess of  decussation  ;  Vsy  fibres  destined  for  the  spinal  cord,  lying  to  the  inner  side  of 
the  processus  cerebelli  ad  cerebrum ;  4,  cross-section  of  one  of  the  trochlearia  roots ; 
X,  posterior  longitudinal  fasciculus ;  d,  cells  of  the  substantia  fermginea ;  5\  descend- 
ing roots  of  the  5th  pair,  with  the  bladder-shaped  cells  from  which  they  spring*  P, 
continuation,  in  the  anterior  section  of  the  pons,  of  the  basis  cruris  cerebri ;  TVp, 
deep-seated  transverse  fibres  of  the  processus  cerebelli  ad  pontem ;  Trs,  superficial 
trausverse  fibres  of  same. 

described  certain  descending  roots  of  the  5th  nerve,  which  certainly  lie  very 
near  the  trochlearis  at  the  point  of  exit  of  the  latter,  as  a  so-called  inferior 
division  of  the  roots  of  the  latter  nerve  (fig.  274,  5). 

£ven  within  the  limits  of  the  upper  corp.  bigem.,  the  central  tubular  gray 
matter  encloses  nuclei  that  give  lise  to  the  motor  nerve  roots  i-eferred  to, 
which  lie  more  or  less  near  the  median  line  /  also  a  IcUerally  disposed  sensory 
nerve  tract,  the  roots  of  the  5th  cerebral  nerve.  The  fibres  composing  these 
roots  originate  at  the  outermost  border  of  the  gray  matter  that  surrounds 
the  aqueduct  of  Sylvius,  in  small  collections  of  large  bladder-shaped  cells 
60  fjL  in  length  and  45 — 50  /x  in  breadth  (fig.  272  V)y  and  form  themselves  by 
degrees  into  a  seiies  of  bundles  whose  transversely-cut  surfaces,  succeeding 
each  other  like  the  links  of  a  chain  (as  seen  in  cross-sections  made  in  this 


Digitized  by 


Google 


THE   TEGMENTUM   CRURIS   CEREBRI   WITH    ITS   GANGLIA.  705 

region),  lie  in  a  curved  line  around  the  outer  edge  of  the  thick  wall  of  gray 
substance  which  surrounds  the  aqueduct  (figs.  273  and  274,  5'). 

Fig.  274. 


Tig.  274.  Transparent  cross-section  from  the  ffumanpons  VaroUi^  shotmng  the  nenms 
troeMearis  at  its  exit.  A^  central  tabnlar  gray  matter  enclosing  the  aquednctus  Sylyii ; 
4,  decnssatdon  of  the  nervns  trochlearis  in  the  velum  meduUare  anterius.  4\  cross- 
section  of  a  trochlearis  root :  5,  substantia  ferruginea ;  5',  chain  of  the  cross-sections  of 
the  descending  roots  of  the  oth  pair  ;  X,  posterior  longitudinal  fasciculus  ;  BA^  cross- 
section  of  the  processus  cerebelli  ad  cerebrum,  becoming  compact  again^  after  their 
decussation  ;  V8,  fibres  destined  for  the  spinal  cord,  lying  to  the  inner  side  of  the 
processus  cerebelli  ad  cerebrum ;  m,  stratum  lenmisci  from  the  corp.  bigem.  superius ; 
&,  stratum  lenmisci  from  the  corp.  bigem.  inferius. 

The  cell-masaes  from  which  spring  the  two  kinds  of  nerves,  motor  and 
sensory,  have  then,  even  in  the  region  of  which  we  have  been  treating,  the 
same  general  position  in  relation  to  each  other  that  they  retain  throughout 
the  whole  extent  of  the  central  tubular  gray  matter,  those  connected  with 
the  motor  nerves  lying  in  the  neighborhood  of  the  median  line,  and  towards 
the  anterior  part  of  the  ring  of  gray  substance,  while  those  connected  with 
the  sensory  nerves  ai'e  placed  latei*ally  and  at  the  same  time  towards  the 
posterior  part  of  the  same  ring,  and  the  nerves  of  this  region  thus  become 
anatomically  analogous  to  the  anterior  and  posterior  spinal  nerves. 

In  the  pons  Varolii  and  oblongata  there  appears,  as  Deiters  has  pointed 
out,  another  system  of  nerves,  an  intermediate,  lateral  system,  whose  roots 
lie  between  those  of  the  median  (anterior)  nerves  and  those  of  the  lateral 
(posteiior)  nerves. 

The  cells  from  which  spring  the  above-mentioned  roots  of  the  5th  pair 
differ  strikingly,  in  respect  to  their  shape,  from  the  cells  in  the  common  nu- 
cleus of  the  oculo-motorius  and  trochlearis.  The  former  cells  are  inflated, 
bladder-like,  and  furnished  with  but  very  few  and  slender  processes,  which 
project  abruptly  from  the  cells  like  the  straw  from  a  soap-bubble.  The 
latter  are  large  like  the  former,  but  slender,  and  rich  in  processes  whose 
calibre  passes  by  gradual  transition  into  that  of  the  cells.  The  former  re- 
semble the  cells  of  the  spinal  ganglia,  the  latter  those  of  the  anterior  comua 
of  the  spinal  cord.  Indeed,  it  is  not  the  difference  in  size,  but  a  morpholo- 
gical characteristic  of  another  kind,  that  serves  thus  to  distinguish,  among 
these  cells,  the  sensory  from  the  motor. 

Bnnning  from  the  upper  border  of  the  epithelium  that  lines  the  aqueduct  of  Syl- 
vius to  the  median  groove  of  the  corp.  quadrigem. ,  there  is  to  be  seen,  especially  in 
the  lower  Mammals,  a  dark  line,  a  sort  of  seam,  which  I  have  been  able  to  recognize 
in  the  Cat  as  consisting  of  a  layer  of  fibrous  connective  tissue  furnished  with  vessels, 
that  divides  into  two  layers  which  pass  outwards  at  the  upper  edge  of  the  aqueduct, 
just  as  the  layer  of  connective  tissue  in  the  posterior  fissure  of  the  spinal  cord  divides 
into  two  layers.  The  thread-like  extremities  of  the  posterior  epithelial  cells  of  the 
aqueduct  extend  themselves  toward  it.  In  Dogs,  I  have  found  star-shaped  and 
45 
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oblonsf  cells  in  this  lamella.    A  trace  of  the  same  lamella  is  to  be  seen  in  the  Human 
brain,  especially  in  the  region  of  the  lower  corp.  bigem. 

As  regards  the  ganglionic  masses  of  the  corp.  quadrigem.^  those  of  the 
superior  corp,  bigem.  have  each,  on  cross-section,  the  shape  of  a  plano-convex 
lens,  whose  lower  surface  rests  upon  the  fibres  which  are  on  their  way  out- 
wards and  forwards  from  the  point  of  their  decussation  to  enter  the  crus 
cerebri,  while  those  of  the  inferior  corp.  bigem. y  more  delicately  but  more 
clearly  defined,  are  shaped  like  double  convex  lenses,  and  are  bounded  in- 
feriorly  by  the  innermost  of  those  fibres  which  they  themselves  send  to  join 
the  crus. 

The  size  of  the  nerve-^ls  of  the  corpus  quadrigeminum  is  subject  to  great 
variation.  In  general  the  smaller  among  them,  15-21  /a  in  length  and  5  fi 
in  breadth,  are  the  ruling  forms,  and  the  superficial  layers  of  both  corp. 
bigem.  are  peopled  exclusively  by  this  variety.  In  the  deeper  layers,  how- 
ever, and  especially  towards  the  median  line,  there  are  to  be  found  (perhaps 
in  preponderance  in  the  region  of  the  super,  corp.  bigem.)  very  large  cells, 
45-90  fji  in  length  and  10-30  fx  in  breadth.  The  principal  axis  of  the  nerve- 
cells  may  lie  in  one  of  three  directions:  1,  parallel  with  the  surface  of  the 
ganglion,  as  is  most  pronounced  within  the  limits  of  the  superficial  distri- 
bution of  the  brachia,  for  example,  along  the  convexity  of  the  inferior 
Corp.  bigem. ;  2,  in  an  antero-posterior  direction,  as  is  seen  in  that  part  of 
the  superior  corp.  bigem.  which  lies  near  the  median  plane.  The  position 
of  these  nerve-cells  is  in  keeping  with  the  course  of  those  fibres  of  the  brar 
chium  corp.  bigem.  superioris  that  run  so  far  backwards  before  reaching 
the  place  of  decussation,  as  described  (bottom  of  p.  701,  fig.  264  Q');  3,  in 
the  direction  of  lines  radiating  outwards  from  the  aqueduct  as  a  centre. 

One  set  of  cells,  whose  axes  have  the  last-mentioned  general  direction, 
seem  to  be,  in  virtue  of  their  position  and  relations,  especially  important  to 
the  formation  of  a  correct  idea  of  the  structure  of  the  corp.  quadiigem. 
When  the  deep-seated  layer  of  medullary  substance,  that  separates  the  gan- 
glionic gray  matter  from  the  central  tubular  gray  matter,  is  examined  on 
cross-section  (fig.  264,  m)  under  high  magnifying  powers,  it  is  seen  to  be 
traversed  by  a  number  of  fine,  straight  fibrillse.  In  the  course  of  these 
fibrrllas  are  inserted  long,  spindle-shaped  cells,  45  /i,  by  10  /a,  and  the  two 
establish  a  nervous  connection  between  the  gray  matter  of  the  corp.  quad- 
rigem.  and  the  gray  matter  around  the  aqueduct,  in  which  latter  the  nu- 
clei which  give  rise  to  the  motor  nerves  of  the  eye  are  embedded.  Thus 
connected,  the  two  sets  of  ganglia  form  a  single  nervous  centre,  as  it  were, 
and  this  anatomical  union  is  in  keeping  with  the  physiological  fact  that  an 
influence  is  exercised  by  the  i-etina,  when  brought  into  a  condition  of  excite- 
ment, upon  the  muscular  system  of  the  globe  of  the  eye.  Just  as  the  fibr» 
rectse  furnished  to  the  nucleus  of  the  oculo-motorius  belonged  to  the  basis 
•  cruris  of  which  they  were  the  shortest  fibres,  so  may  these  straight  fibres 
be  regarded  as  belonging  to  the  fibrous  system  of  the  tegmentum  cruris,  in- 
.asmuch  as  they  play  for  that  nucleus  the  part  which  other  fibres  of  the  same 
system  play  for  the  nuclei  of  origin  of  the  spinal  nerves,  viz.,  that  of  bring- 
ing them  into  connection  with  the  ganglia  of  origin  of  the  tegmentum 
itself. 

Tlie  crus  cerebri  springs  in  similar  manner  from  the  superior  and  from 
the  infeiior  corp.  bigeminum.  From  the  same  ganglionic  masses  that  re- 
'<»ived  the  brachia  corp.  quadrigem.  emerge  bundles  of  fibres  that,  in 
decussating  at  the  median  line  with  those  of  the  opposite  side,  form  the 
•dense  nervous  substance  of  the  raphe,  which  is  the  continuation   back- 
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wards  of  the  medullary  substance  of  the  posterior  commissure.  The 
fibres  that  form  the  indirect  prolongation  of  the  hrachium  cwp,  higem, 
super,  pass,  after  their  decussation,  forwards  and  upwards,  in  delicate 
fasciculi,  in  which  small,  elongated  cells,  18  and  25  /u.  by  5  /u.,  lie  scattered 
obliquely  and  outwards.  They  collect  themselves  finally  into  a  fibrous 
layer,  which  on  cross-section  presents  a  crescent-shaped  surface.  This  layer 
of  fibres,  which  is  at  first  covered  in  by  the  brachium  corp.  bigem.  inferi- 
oris,  forms  the  superior  Uvinbia  of  the  lemniscus  (figs.  272,  7V,  273,  m). 
The  fact  that  nerve-cells  are  scattered  among  the  fibres  of  this  formation, 
even  after  it  has  become  a  part  of  the  tegmentum,  indicates  that  the  num- 
ber of  these  same  fibres  is  continually  on  the  increase.  The  fibres  contribu- 
ted by  the  corp.  bigem.  inferius  to  the  tegmentum  run  forward  in  fasciculi 
that,  under  the  form  of  the  inferior  lamina  of  the  lemniscuSy  are  in  part 
covered  over  by  a  sickle-shaped  segment  of  the  superior  lamina  of  the  lem- 
niscus, but  that  form  to  a  great  extent  the  exposed  outer  surface  of  the 
tegmentum.  This  layer  of  fibres  covers  immediately  the  processus  cerebelli 
ad  cerebrum  of  the  same  side,  which,  at  the  level  of  the  origin  of  the  for- 
mer in  the  corp.  bigem.  infer.,  has  already  completed  its  decussation  and  is  on 
its  way  towards  the  outer  surface  of  the  tegmentum  (figs.  273  and  274  m. 

The  tegmentum  cruris,  which  is  directly  continuous  with  tlie  posterior 
region  of  the  pons,  is  not,  strictly  speaking,  in  a  condition  of  complete 
organization  even  at  the  lowest  extremity  of  the  cms  cerebri,  but  continues 
to  receive  additional  fibres  within  the  uppermost  section  of  the  pons.  In 
the  region  of  the  corp.  quadrigem.  the  stratum  formed  by  the  lemniscus  is 
not  so  broad  as  to  reach  to  the  median  raphe,  but  comes  t(3  an  end  at  a  dis- 
tance of  about  5  mm.  from  it  (fig.  272,  m).  In  the  upper  part  of  the 
region  of  the  pons,  however,  this  fibrous  stratum,  the  most  anterior  of  all 
the  formations  of  the  tegmentum,  by  which  the  rest  of  the  tegmentum  is, 
as  it  were,  supported,  reaches  actually  to  the  raphe  (fig.  274,  m). 

This  increase  in  size  is  by  no  means  brought  about  by  a  pushing  inwards  of 
the  superficial  layer  of  the  stratum  lemnisci,  but,  as  Stilling  observed,  by  the 
actual  accession  of  a  group  of  fibres  which  are  contributed  by  the  basis  cruiis 
cerebri,  and  which  fill  up  the  gap  between  the  stratum  of  the  lemniscus  and 
the  raphe.  Thi^  takes  place  in  the  following  manner :  While  the  compact 
formation  of  the  basis  is  being  split  up  into  secondary  fasciculi  by  the  ti-ans- 
verse  fibres  of  the  processus  cerebelli  ad  pontem  (fig.  273),  the  most  poste- 
rior fibres  of  the  latter  divide  off  a  certain  portion  of  the  hindermost  longi- 
tudinal fibres  of  the  basis  cruris,  leaving  them  to  continue  their  course  as 
the  above-mentioned  innermost  portion  of  the  stratum  of  the  lemniscus, 
and  in  consequence  as  a  part  of  the  tegmentum.  Although  this  last  group 
of  fibres  is  associated  alternately  with  the  basis  and  with  the  tegmentum 
cruris,  it  is  recognized  as,  without  doubt,  belonging  in  fact  to  the  tegmen- 
tum, the  posterior  tract  of  the  caudex  cerebri,  inasmuch  as  it  does  not  take 
part  in  the  decussation  of  the  anterior  pyramids^  as  do  all  the  other  sjjinal- 
cord  fibres  belonging  to  the  basis  cruris. 

There  must  be,  then,  a  certain  region  within  the  ganglia  of  origin  of  the 
basis  cruris  which  is  as  yet  undiscovered,  and  which  should  be  classed 
among  the  ganglia  of  origin  of  the  tegmentum  cruris.  The  ganglia  of  origin 
of  the  tegmentum  have  been  described  as  characterized  by  the  meeting 
within  them  of  the  extremities  of  sensory  and  motor  nerve-tracts,  a  peculi- 
arity which  distinguishes  these  ganglia  from  those  connected  with  the  basis 
cruris,  and  thereby  assists  materially  to  the  formation  of  a  correct  idea  of  the 
duplex  character  of  the  origin  of  the  spinal  cord.     We  have  seen,  however, 
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that,  within  the  domains  of  the  ganglia  of  origin  of  the  basis  cruris,  there  is  a 
region  which,  by  means  of  the  fibres  from  the  olfactory  lobe,  is  in  connec- 
tion with  one  of  the  sensory  surfaces  of  the  body,  and  vice  versdy  just  as  the 
retina  is  in  connection  with  the  gray  matter  of  the  thalamus  opticus.  This 
region  is  the  inferior  portion  of  the  caput  corp.  striati,  just  above  the  lam- 
ina perforata  anterior.  It  is  characterized  by  its  structure,  which  differs, 
in  respect  to  the  form  and  disposition  of  the  nerve-cells,  from  that  of  the 
corpus  striatum  proper,  as  not  belonging  morphologically  to  the  ganglion  in 
which  it  is  embedded.  The  possibility  that  this  region  may  give  rise,  in 
part,  to  fibres  destined  for  the  basis  cruris  cerebri,  may  perhaps  suggest  the 
direction  in  which  a  thorough  investigation  might  advantageously  be  made, 
concerning  the  origin  of  those  fibres  of  the  stratum  lemnisci  (so  called  by 
Keichert)  which  are  not  derived  from  the  coi-p.  quadrigem. 

The  organization  of  the  tegmentvmn  is  then  finally  complete,  at  the  level 
which  corresponds  to  the  lower  boundary  of  the  most  inferior  of  its  ganglia 
of  origin.  It  consists  as  described,  1.  of  the  processus  cerebelli  ad  cere- 
brum, which  in  the  region  of  the  superior  corp.  bigem.  is  inflated  (by  the 
addition  of  nerve-cells)  to  the  centrum  rubrum  of  the  tegmentum,  and  in 
the  region  of  the  inferior  corp.  bigem.  becomes  freed  of  diese  cells ;  2.  of 
the  posterior  longitudinal  fasciculus  which  springs  from  the  ganglion  of  the 
ansa  peduncularis ;  3.  of  fibres  derived  from  the  thalamus  opticus  of  the 
opposite  side  which  have  crossed  the  median  line  in  the  posterior  commis- 
sure; 4.  of  fibres  also  from  the  thalamus,  but  which,  without  having 
crossed  the  median  line,  pass  into  the  tegmentum  by  way  of  the  lamina 
meduUares;  5.  of  the  fasciculus  from  the  ganglion  of  the  habenula,  which 
perhaps  does  not  cross  the  median  line ;  6.  of  fibres  which  have  crossed 
from  the  pineal  gland  of  the  opposite  side ;  7.  of  the  superior  lamina  of 
the  lemniscus,  from  the  superior  corp.  bigem. ;  9.  of  the  above-mentioned 
posterior  fascicidus  from  the  basis  cruris  cerebri. 

Above  the  level  of  the  region  where  the  fibres  of  the  processus  cerebelli 
ad  cerebrum  intertwine  themselves  among  those  of  the  tegmentum,  as  will 
presently  be  described,  the  latter  is  traversed,  within  the  region  of  the 
supeiior  corp.  bigem.,  by  a  tract  that  terminates  peripherally  in  the  larger 
root  of  the  fifth  cerebral  nerve.  The  larger  root  of  the  fifth  nerve  holds,  to 
that  region  of  the  tegmentum  in  which  this  process  now  to  be  considered 
takes  place,  and  to  certain  of  the  fasciculi  destined  for  the  antero-lateral 
columns  of  the  spinal  cord,  the  same  relation  that  the  posterior  roots  of  the 
spinal  nerves  hold  (as  will  be  further  described)  to  the  medulla  oblongata, 
in  that  region  in  which  the  future  antero-lateral  columns  of  the  spinal  cord 
are  traversed  by  the  fibres  which  run  from  the  posterior  columns.  The 
large  cells,  that  give  rise  to  the  descending  root  of  the  fifth  pair,  described 
at  p.  704,  which  lie  in  clusters  embedded  at  J:he  external  border  of  the 
central  tubular  gray  matter  around  the  aqueduct  of  Sylvius,  give  rise  also 
to  a  striking  system  of  fibres  that  encircle  the  latter.  They  may  be  desig- 
nated, collectively,  as  the  communicating  quintus-tract  (Quintusstrange). 
This  tract  is  made  up  of  fasciculi  which,  disposed  one  above  the  other,  form 
a  continuous  delicate  (about  150  /a  thick)  medullary  wall,  which  surrounds  the 
aqueduct  throughout  almost  the  entire  i*egion  of  the  corp.  bigem.  superioris. 
Somewhat  below  the  transverse  diameter  of  the  aqueduct,  these  fibres  cease 
to  lie  one  above  the  other,  and  range  themselves  side  by  side,  occupying,  on 
cross-sections,  a  considerable  space,  to  attain  which  new  position  the  bundles 
of  fibres  diverge  in  the  form  of  a  water-jet,  and  make  their  way,  partly 
through  the  tissues  lying  between  the  posterior  longitudinal  fJEisciculns  and 
the  red  centre  of  the  tegmentum,  partly  to  the  outside  of  this  red  centre 
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among  the  mass  of  fibres  running  from  the  thalamus  opticus  to  the  spinal 
cord ;  in  other  words,  through  all  parts  of  the  tegmentum  at  that  level, 
except  the  stratum  derived  from  the  lemniscus.  The  first-mentioned  set  of 
these  fibres  may  then  be  seen  to  cross  the  median  line,  and,  curving  around 
the  lower  periphery  of  the  red  centre,  to  pass  some  little  distance  outwards, 
under  the  form  of  the  so-called  ^^rcB  arcuato!.  Before  as  well  as  after  their 
decussation,  these  Jibrce  ar<matce,  thus  derived  from  the  commimicating  tract 
of  the  fifth  nerve,  enter  into  connection  with  nerve-cells  60  ft  in  length  by 
15  /A  in  breadth,  and  in  the  adult  Human  brain  containing  pigment,  by 
means  of  whose  processes  the  tracts  that  are  to  become  the  motory  columns 
of  the  spinal  cord  are  brought  into  connection  with  these  same  arch-shaped 
fasciculi  of  the  quintus-tracts. 

In  looking  back  over  the  organization  of  the  tegmentum  and  its  ganglia, 
we  can  discover  in  the  structure  of  the  latter  two  peculiarities,  that  mark 
them  as  differing  fundamentally  from  the  ganglia  of  the  basis  cruris,  and 
that  assist  us  in  recognizing  the  differences  in  the  functions  of  these  two 
tracts  that  constitute  finally  the  spinal  cord. 

In  the  first  place,  the  ganglia  of  origin  of  the  tegmentum  are  character- 
ized by  enclosing,  within  one  and  the  same  collection  of  gray  matter,  the 
termination  of  the  tractus  opticus  and  the  origin  of  motor  spinal  tracts,  and 
further  by  effecting  a  connection,  through  the  agency  of  multipolar  nerve- 
cells,  between  the  communicating  quintus-tracts  and  the  motor-tracts  just 
mentioned,  as  having  for  their  function  the  conversion  of  centripetal  excita- 
tion into  motion.  The  ganglia  of  the  basis  cruris,  on  the  other  hand,  not 
being  connected  with  any  sensory  surfaces,  must  depend  for  the  excitation 
to  the  performance  of  their  functions  upon  another  source,  viz.,  the  condi- 
tions of  excitation  of  the  cerebral  lobes. 

In  the  second  place,  the  ganglia  of  the  tegmentum  are  remarkable  as 
being  foci  in  which  the  necessaiy  mechanism  is  provided  anatomically  for 
the  production  of  special,  definite  motions,  for  which  the  exciting  cause  is 
again  furnished  in  the  above-mentioned  centripetal  excitations.  The  pecu- 
liarity of  their  structure  in  this  respect  consists  in  the  fact  that  the  modes 
of  origin  in  the  spinal  cord  tracts  in  these  ganglia  are  so  vai*ied,  and  further 
in  the  fact  that  one  and  the  same  ganglion  contributes  to  these  spinal-cord 
tracts  fibres,  of  which  a  part  cross  the  median  line  to  the  opposite  side, 
while  another  part  remain  uncrossed  (thalamus  opticus,  for  example).  It 
might  be  expected  as  a  result  of  this  anatomical  arrangement,  that  an  im- 
pulse communicated  to  the  ganglion  of  one  side  would  call  into  play  at  the 
same  moment  the  action  of  unsymmetrical  muscles  of  the  two  aides  of  the 
body,  in  such  a  manner  as  might  be  necessary  for  the  production  of  certain 
definite  co-ordinate  movements.  The  belief  in  the  existence  of  such  pieces 
of  co-ordinating  mechanism  has  already  been  expressed  by  Schroeder  V. 
D.  Kolk,  who  based  his  opinion  upon  the  supposed  fact  that  the  abducens 
nerve  is  supplied  by  fibres  from  the  cerebral  ganglia  of  the  same  side,  while 
those  which  give  rise  to  the  oculo-motor  have  crossed  the  median  line,  a 
point  to  which  we  shall  recur  again  below. 

The  fibres  of  each  basis  cruris,  on  the  other  hand,  spring,  without  ex^ 
ception,  from  the  ganglia  of  the  same  side,  and,  in  so  far  as  they  are  destined 
for  the  spinal  cord,  they  all  have,  as  will  appear  below,  a  common  place  of 
decussation,  i,  e.,  in  the  course  of  the  anterior  pyramids  of  the  medulla  ob- 
longata. 

The  ganglia  of  the  basis  cruris  cerebri  seem,  therefore,  not  to  be  foci  for 
the  production  of  co-ordinated  movements,  such,  for  example,  as  would  re- 
quii'e  the  simultaneous  action  of  unsymmetrical  muscles  of  the  two  halves 
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of  the  body.  If  such  movements  are  to  be  produced  by  way  of  these  gang- 
lia, they  must  first  be  planned,  as  it  seems,  within  that  nervous  centre  from 
which  the  ganglia  receive  their  (centrifugal)  impulses,  within  the  cerebral 
lobes,  which  are  provided  for  the  purpose  with  their  fibr»  arcuatss,  or  associa- 
tion-systems. 

4.  The  Region  Occupied  by  the  Passage  op  the  Processus  Cerebelli 

AD   PoNTEM   through   THE   PrOJECTION-SySTEM. 

The  consideration  of  this  part  of  the  subject  should  properly  be  preceded 
by  a  study  of  the  anatomy  of  the  cerebellum  itself,  that  centre  which,  in  the 
region  to  be  considered,  becomes  intimately  connected  with  the  projection- 
system  by  means  of  its  processus  ad  pontem,  that  make  their  way  trans- 
versely through  the  latter,  and  by  means  of  certain  collections  of  nerve- 
cells.  The  description  of  the  cerebellum,  however,  which  at  best  can  be 
but  very  imperfect,  will  be  made  easier  of  comprehension  if  it  be  preceded 
by  a  statement  of  the  relations  in  which  this  organ  stands  to  other  parts  of 
the  encephalon,  whereby  we  may  get  an  insight  into  its  functional  signifi- 
cance, in  one  respect  at  least. 

Regoflrded  exterrudly  and  from  below,  the  region  occupied  by  the  inter- 
lacement of  the  fibres  of  the  projection-system  with  those  of  the  processus 
cerebelli  ad  pontem  embraces  the  pons  and  the  upper  half  of  the  oblongata. 
If  the  lower  surface  of  the  brain  in  Man  and  in  most  of  the  Apes  be  com- 
pared with  those  of  the  other  Mammal  brains,  important  differences  will  be 
observed  in  almost  every  case,  not  only  in  the  relative  development  of  the 
different  parts,  but  even  to  all  appearance  in  their  morphological  significance. 
The  brain  of  the  aquatic  Mammals  only  exhibits  in  this  region  a  confor- 
mation similar  to  that  of  the  brain  of  the  Apes  and  of  Man. 

The  differences  in  the  size  of  the  parts  ai'e  caused  by  the  small  degree  of 
development,  in  the  lower  Mammals,  of  the  pons  Varolii  and  the  anterior  py- 
i*amids  on  the  one  hand,  and  on  the  other  by  the  excessive  fulness  of  develop- 
ment in  the  same  animals  of  the  posterior  division  of  the  oblongata,  the 
prolongation  of  the  tegmentum  cruris  cerebri.  The  differences  in  form  are 
these. '  In  the  Human  brain,  upon  the  surface  of  the  region  in  question  of 
the  oblongata  Ue  three  longitudinal  prominences:  1,  the  anterior  pyrof 
mids  /  2,  the  olivary  bodies  y  3,  the  inferior  peduncle  of  the  cerebellum  y 
while  in  the  brain  of  the  lower  Mammals  there  appears  in  the  fii'st  place,  at 
the  sides  of  the  pyramids,  a  body  which  is  apparently  wanting  to  the  Hu- 
man brain,  the  corpus  trapezoideSy  a  thick,  prominent,  transverse  band, 
which  extends  round  the  oblongata  as  far  as  to  the  pedunculus  cerebelli. 
On  the  other  hand,  the  olivary  body  of  the  Human  oblongata  seems  to  be 
wanting  in  that  of  the  lower  animals. 

A  sort  of  hybrid  formation  characterizes  the  brain  of  the  Ape  (Pavian) 
in  this  respect,  inasmuch  as  the  corpus  trapezoides  and  oUvary  bodies  exist 
there  side  by  side,  although  both  are  but  slightly  developed.  In  the  Lemur, 
Jiowever  (Lemures),  I  found  the  corpus  trapezoides  alone. 

It  is,  nevertheless,  easy  to  convince  one's  self  that  these  parts  are  in  re- 
ality neither  wanting  nor  exceptionally  present,  but  that  quantitative  varia- 
tions in  their  development  give  rise  to  this  deceptive  appearance.  The 
corpus  trapezoides  consists,  in  fact,  of  transverse  bundles  of  fibres  that  lie 
behind  the  pyramids,  and  that,  in  the  Human  brain,  ai*e  concealed  by  the 
pons  (which  in  Man  is  very  long),  while  in  the  brain  of  other  Mammals  they 
lie  exposed.      So  also  the  olivary  body  is  really  to  be  found  on  cross-sectiou 
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of  the  oblongata  of  all  Mammals,  but  in  most  cases  it  lies  hidden  behind  the 
anterior  pyramids,  instead  of  appearing  externally  by  their  side. 

Further,  a  little  thought  will  make  it  clear  that  these  variations  in  the  form 
of  the  parts  in  tite  region  of  the  oblongata  are  hut  the  'natural  consequence 
of  the  differences  in  Sie  degree  of  development  between  the  cerebral  lobes  of 
Man  and  those  of  the  other  Mammals,  so  that  we  cannot  but  recognize  the 
presence  of  a  far-reaching  morphological  harmony,  in  point  of  size,  between 
the  highest  and  the  lowest  divisions  of  the  encephalon. 

The  key  to  this  morphological  harmony  is  contained  in  the  fact,  discussed 
in  the  preceding  pages,  that  the  basis  cruris  cerebri  keeps  perfect  step,  as 
regards  its  development,  with  the  cerebral  lobes. 

For  if  the  size  of  the  basis  cruris  be  dependent  on  that  of  the  cerebral 
lobes,  and  if,  as  has  been  mentioned,  a  certain  proportion  of  the  fibres  of  the 
basis  cruris  pass,  by  way  of  the  anterior  section  of  the  pons,  into  the  cere- 
liellum,  which  accounts  for  the  diminished  size  of  the  prolongation  of  the 
basis  at  its  emergence  from  the  pons  under  the  form  of  the  anterior  pyiu- 
mids,  then  it  is  plain  that  the  length  of  the  pons  must  be  in  direct  propor- 
tion to  the  size  of  the  basis  cruris  cerebri,  and,  consequently,  to  that  of  the 
cerebral  lobes.  In  the  Human  brain,  therefore,  the  pons  is  long ;  in  that  of 
other  Mammals  it  is  short.  Since,  however,  the  development  of  certain  of  the 
deeper  layers  of  transverse  fibres  in  the  pons  is  independent  of  the  develop- 
ment of  the  basis  cruris  cerebri,  they  will,  under  certain  conditions, — i.e., 
when  the  latter  tract,  and,  in  consequence,  the  anterior  transverse  fibres  of 
the  pons,  ai*e  but  slightly  developed, — appear  uncovered,  behind  and  at  the 
sides  of  the  anterior  pyramids.  This  happens  in  some  degree  in  the  Ape, 
whose  cerebral  lobes  are  but  imperfectly  developed ;  more  fully  in  the  Lemures 
(Lemur)  and  in  the  lower  Maanmals  these  deep-seated  transverse  fibres  of 
the  pons  appear  as  the  corpus  trapezoides.  In  Man,  on  the  other  hand, 
where  the  continuation  of  the  basis  cerebri,  the  anterior  pyramids,  require, 
because  of  their  comparatively  great  size,  quite  a  large  space  within  the 
limits  of  the  oblongata,  they  crowd  to  the  surface  the  olivary  bodies,  which 
in  the  lower  animals  lie  behind  the  pyramids  and  in  the  neighborhood  of  the 
median  line,  and  these  displaced  olivary  bodies  lie  escposed  by  the  side  of  the 
pyramids. 

It  should  be  further  mentioned  in  this  connection  that  the  development 
of  the  lateral  regions  of  the  cerebellum  is  in  direct  proportion  to  that  of 
the  cerebral  lobes,  and  that  the  development  of  a  certain  ganglion  of  the 
cerebellum,  the  nudeus  dentaius,  which  keeps  pace  with  the  latter  in  its 
growth,  is  in  direct  proportion  to  that  of  the  olivary  bodies.  The  absolute 
size  of  these  latter,  then,  must  increase  with  the  increase  in  the  size  of  the 
hemispheres,  and  their  prominence  on  the  surface  of  the  oblongata  must  be 
thereby  made  greater. 

The  Pbocessus  Cerebelli  ad  Cerebrum,  with  the  Velum  Medullars 

Anterius. 

The  expression,  *'  passage  of  the  processus  cerebelli  through  the  projection- 
system,"  does  not  strictly  define  the  process  which  characterizes  the  region 
which  is  its  seat,  for  in  truth  the  great  part  of  the  fibres  that  branch  off 
from  among  those  of  the  projection-system,  and  into  the  processus  cerebelli 
in  general,  did  not  first  become  associated  with  the  latter  tract  within  the 
limits  of  the  pons  and  upper  half  of  the  oblongata,  as  might  be  supposed, 
but  formed  a  part  even  of  the  crus  cerebri.  This  is  most  strikingly  true  of 
the  processus  cerebelli  ad  cerebrum,  which  was  associated  with  even  still 
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higher  sections  of  the  projection-system,  having  formed  a  pai-t  of  the  cere- 
bral medullary  substance^  the  corona  radiata,  before  its  fibres  were  gathered 
into  the  centrum  rubrum  of  the  tegmentum. 

The  process  to  be  considered  consists  then  essentially  in  the  disengage- 
ment of  the  fibres  of  this  processus  cerebelli  ad  cerebrum  from  the  pro- 
jection-system, that  they  may  pass  into  the  cerebellum  as  an  independent 
tract,  and  in  the  course  of  this  process  the  arrangement  of  the  constituent 
bundles  of  this  fibrous  tract  passes  successively  thi'ough  the  following 
phases. 

Although,  as  has  been  said,  the  bundles  of  fibres  composing  the  processus 
cerebelli  ad  cerebrum  were  forced  apart,  in  the  region  of  the  crus  cerebri 
above  the  corp.  quadrigem.,  by  the  introduction  of  a  mass  of  finely  granu- 
lar gray  substance,  containing  nerve- chills  of  two  general  sizes  (some  45  /a 
by  15  ft,  others  15  fi  by  3  fi),  and  were  thereby  made  to  form  the  centrum 
rubrum  tegmenti,  the  same  processus  appears  in  the  region  of  the  lower  half 
of  the  superior  corp.  bigem.  as  a  simple  medullary  tract,  the  circumference 
of  which,  by  reason  of  the  loss  of  the  granular  gray  substance,  must  mani- 
festly be  less  than  that  of  the  centrum  rubrum. 

This  medullary  tract  has,  however,  freed  itself  from  the  connective  sub- 
stance of  the  centrum  rubrum  only  ;  it  continues  to  contain  large  numbers 
of  nerve-cells,  and  the  latter  still  remain  scattered  among  its  fibres  even 
after  its  decussation.  These  nerve-cells,  which  are  of  great  size  (45  /x  by  1 5 
/a),  are  disposed  in  a  striking  and  unusual  manner,  inasmuch  as  they  lie 
])aTallel  rather  to  the  smallest  arteries  and  the  capiUaries  than  to  the  nerve- 
fibres.  They  appear  to  be  in  the  closest  apposition  with  the  walls  of  these 
vessels,  are  suitably  bent  to  fit  the  angles  made  by  their  branches,  and  send 
out  long  and  thick  processes  that  run  longitudinally  along,  and  probably  in, 
their  walls.  This  peculiar  arrangement  is  to  be  demonstrated  even  in  the 
.centinim  rubrum  itself,  and  from  there  onwards  to  beyond  the  point  of  de- 
cussation of  the  processus,  and  the  latter  does  not  entirely  free  itself  of 
nerve-cells  until  it  has  emerged  from  the  corp.  quadrigem.  These  cerebi-al 
capillaries  seem  thus  to  constitute,  in  the  midst  of  the  central  organ  itself, 
a  periphery  for  the  termination  of  the  cell-processes,  and  further  investi- 
gation will  show  whether  this  crural  portion  of  the  processus  cerebel.  ad 
cerebrum  is  the  only  scene  of  such  an  anungement. 

Examined  by  means  of  successive  cross-sections,  the  processus  cen^belli 
ad  cerebrum  may  be  seen  to  approach  very  near  to  the  median  raphe.  The 
sui'faces  wliich  it  presents  on  such  sections,  however,  are  never  made  up  ex- 
clusively of  the  cut  ends  of  longitudinal  fibres,  but,  even  in  the  region  above 
the  lower  half  of  the  superior  coip.  bigem.,  contain  also  a  large  number  of 
transverse  lines,  which  coiTespond  to  such  fibres  of  the  processus  as  have 
left  their  longitudinal  course  to  pass  over  to  the  opposite  side  of  the  tegmen- 
tum, decussating  at  the  median  line  with  those  that  cross  in  the  reverse 
direction.  The  region  occupied  on  the  transversely-cut  sui'face  of  the  teg- 
mentum by  these  decussating  fibres,  lies  between  the  posterior  longitudinal 
fasciculus  and  the  stratum  lemnisci,  the  remaining  spinal  fasciculi  of  the 
tegmentum  having  been  all  pushed  away  by  them  from  the  neighborhood. 
After  their  decussation,  the  fasciculi  of  the  processus  run  outwards  until 
they  reach  the  inner  surface  of  the  inferior  lamina  of  the  lenmiscus  (that 
which  comes  from  the  inferior  corp.  bigem.),  which  latter  forms  for  them  a 
sort  of  cover. 

The  nearer  this  decussation  and  the  subsequent  process  of  reconstruction 
of  the  processus  cerebelli  ad  cerebrum  (which  takes  place  in  the  region  of 
the  lower  half  of  the  inferior  corp.  bigem.  and  of  the  place  of  exit  of  the 
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nervus  trochlearis)  comes  to  its  completioD  (figs.  273  and  274,^),  the  more 
strictly  the  decussating  fibres  become  confined  to  the  anterior  half  of  the 
posterior  division  of  the  pons.  The  processus  of  the  two  sides,  taken  to- 
gether, with  the  decussating  fibres,  come  thus  to  have  the  form  of  a  horse- 
shoe opening  backwards,  which  encloses  between  its  two  branches  the 
comparatively  large  area  occupied  by  those  constituent  fibres  of  the  tegmen- 
tum destined  for  the  spinal  cord,  which  lie  between  the  posterior  longitudi- 
nal fasciculus  and  the  stratum  lemniscL  Only  a  small  portion  of  these 
fibres  remain  unenclosed,  viz.,  those  which  lie  in  front  of  the  decussating 
processus,  between  them  and  the  stratum  lemnisci  on  either  side.  The 
position  of  all  the  spinal-cord  fibres  of  this  region  is  governed  completely  by 
that  of  the  processus,  which,  in  the  course  of  their  decussation,  force  their 
way  among  the  former  and  push  them  aside  in  such  a  manner  that,  so  long 
^as  the  processus  occupy  a  central  position  in  the  tegmentum,  the  remaining 
fibres  lie  to  the  outside  of  them,  whereas  when  the  processus  attain  a  lateral 
position,  the  other  fibres  appear,  on  cross-section,  between  them. 

At  fig.  275,  a  new  phase  in  the  course  of  the  processus  under  considera- 
tion is  to  be  seen.  After  having  completed  its  decussation,  which  is 
undoubtedly,  as  Stilling  declared,  complete,  and  not  simply  partial,  as  Arnold 
later  affirmed,  each  processus  disengages  itself,  superiorly  and  externally, 
from  the  posterior  division  of  the  projection-system  in  which  it  was  embedded 
(fig.  275).  Before  it  reaches  the  point  corresponding  to  the  greatest  con- 
vexity of  the  pons  Varolii,  the  processus  still  remains  covered  by  a  part  of 
the  inferior  lamina  of  the  lemniscus  (S)^  which  anteriorly  is  of  considerable 
thickness  (fig.  275,  S  A,  on  the  left  hand  side) ;  opposite  the  greatest  con- 
vexity of  the  pons  it  lies  entirely  free.  Opposite  the  region  occupied  by  the 
central  course  of  the  5th  pair  it  has  already  buried  itself  in  the  medullary 
substance  of  the  cerebeUum  (fig.  276,  A),  where  it  is  at  first  covered  over  by 
the  other  processus  of  the  cerebellum,  but  enters  later  into  connection  with  • 
the  gray  substance  of  the  nucleus  dentatus. 

During  the  exposed  part  of  their  course,  the  processus  cerebelli  ad  cere- 
brum form  the  lateral  boundary  walls  of  the  4th  ventricle,  but  after  their 
fusion  with  the  cerebellum  they  form  a  part  only  of  the  thick  medullary  roof 
with  which  the  cerebellum  provides  that  cavity.  At  that  part  of  their 
course  that  lies  between  the  corp.  quadrigem.  and  the  cerebellum,  the  pro- 
cessus cerebel.  enclose  between  them  the  vcUve  of  Vieussena  (velum  medullare 
anterius)  (figs.  273,  275,  V)^  with  which  they  form,  to  use  Burdach's  expres- 
sion, the  connective  system  (Bindesystem)  of  the  cerebellum.  This  valve  of 
Vieussens,  the  prolongation  of  the  frenulum  veli  medullaris,  is  the  part  that, 
as  Arnold  has  shown,  really  deserves  the  designation  of  processus  cerebelli 
ad  corpus  quadrigeminum,  which  has  been  wrongly  applied  to  the  processus 
cerebelli  ad  cerebrum. 

In  the  velum  medullare,  three  different  systems  of  medullary  fibres  lie 
woven  together.  1.  The  great  mass  of  its  substance  is  composed  of  the 
fasciculi  of  the  frenulum.  2.  At  its  anterior  extremity  the  decussating 
fasciculi  of  the  nervus  trochlearis,  which  are  of  great  thickness,  intertwine 
themselves  transversely  among  those  of  the  frenulum  {^g,  274,  4).  3. 
The  velum  medullare  further  contains  longitudinal  fibres  from  the  superior 
vermiform  process  of  the  cerebellum ;  they  decussate  before  quitting  the 
limits  of  the  latter,  and  after  traversing  the  valve  of  Vieussens  almost  to 
the  lower  border  of  the  corp.  quadrigem.  they  turn  on  themselves,  describ- 
ing curves  with  their  convexity  looking  upwards,  join  the  inferior  lamina 
of  the  lemniscus  as  its  hindermost  fasciculus,  and  pass  onward  with  the  lat- 
ter, in  the  posterior  division  of  the  pons  Varolii,  to  the  spinal  cord. 


Digitized  by 


Google 


714  THE  BRAIN   OF  MAMMALS. 

This  latter  system  of  fibres  in  the  valve  of  Vieussens  either  appears  so 
often  as  an  anomalous  formation  that  Hirschfeld  commits  no  great  blunder 
in  figuring  it  as  a  normal  occurrence,  in  his  plates  on  the  anatomy  of  the 
brain,  or  else  it  is  really  constant,  and  only  less  conspicuous  externally  in 
some  brains  than  in  others. 

Since,  as  will  be  shown  below,  the  cerebelliun  sends  no  fibres  directly  to 
the  antero-lateral  columns  of  the  spinal  cord,  but  on  the  other  hand  gives 
rise  to  a  great  part  of  its  posterior  columnSy  it  is  to  be  inferred  that  this  in- 
nermost or  hindermost  fasciculus  of  the  inferior  lamina  of  the  lemniscus, 
which  traverses  the  valve  of  Vieussens  as  described,  is  destined  also  to  join 
the  posterior  spinal  columns. 

Even  were  the  appearance  of  these  questionable  fibres  in  the  valve  of 
Vieussens  to  be  regarded  as  a  very  common  anomaly,  still,  if  they  be  con- 
sidered as  really  a  part  of  the  extensive  system  of  fibres  that  the  cerebellum* 
sends  to  take  part  in  the  formation  of  the  posterior  colunms,  from  the  main 
body  of  which  they  have  wandered  away  to  follow  for  a  certain  distance 
an  abnormal  course,  the  anomaly  would  be  one  that  would  not  violate,  in 
any  essential  particular,  the  normal  structural  type,  whereas  it  would  in- 
volve an  actual  violation  of  the  normal  type  were  a  set  of  fibres  to  pass 
occasionally/  from  the  cerebellum  to  the  antero-lateral  columns.  The  pro- 
cessus cerebelli  ad  cerebrum  itself  remains  by  no  means  free  from  the 
admixture  of  foreign  elements  during  the  whole  of  its  course  to  the  cere- 
bellum. At  the.  level  of  the  region  of  origin  of  the  fifth  pair,  the  pro- 
cessus b  in  part  traversed,  and  in  part  covered,  by  the  bundles  of  fibres 
passing  from  the  cerebellum  to  the  greater  root  of  that  nerve  (figs.  275  and 
276  A'  6  d)j  and  fui-ther  down,  as  will  be  described  later,  it  is  traversed 
by  bundles  of  fibres  belonging  to  the  nervus  acusticus,  which  form  indeed  a 
group  of  some  size. 

The  Processus  Cerebelli  ab  Pontbm,  with  the  continuation  of  thk 
Basis  Cruris  Cerebri. 

Like  the  processus  cerebelli  ad  cerebrum,  so  the  processus  cerebelli  ad 
pontem  also  are  represented  even  in  that  portion  of  the  projection-system 
that  lies  within  the  cerebral  lobes. 

Inasmuch  as  the  number  of  the  fibres  that  radiate  from  the  cortex  cerebri. 
into  the  nucleus  lenticularis  and  nucleus  caudatus  is  greater  than  that  of  the 
fibres  that  spring  from  these  ganglia  in  the  form  of  the  basis  cruris  cerebri^ 
the  collective  fasciculi  of  the  latter  must  be  regarded  as  a  mediate  prolonga- 
tion of  the  respective  portion  of  the  corona  radiata,  including  those  fasciculi 
that,  instead  of  passing  by  way  of  the  anterior  pyramids  to  the  spinal  cord, 
branch  off  from  the  projection-system  in  the  region  of  the  pons  Varolii,  and 
enter  the  cerebellum. 

At  the  same  time  that  the  basis  cruris  cerebri  becomes  split  up  into 
secondary  fasciculi,  by  the  passage  through  it  of  the  transverse  fibrous  tracts 
of  the  processus  (figs.  273,  275,  277,  TV*,  TV  0,  P),  the  size  of  the  individual 
fasciculi  also  becomes  reduced  by  reason  of  the  fact  that  after  the  latter 
have  still  further  divided  into  bundles  of  very  small  size,  a  certain  number 
of  their  component  fibres  come  to  an  end  by  entering  into  connection  with 
nerve-cells  (30  |x  in  length  and  12  m*  in  thickness),  which  cells  are  in  con- 
nection likewise  with  the  fibres  of  the  processus  ad  pontem. 

These  nerve-cells  are  to  be  found  not  only  along  the  borders  of  the  dis- 
tricts occupied  by  the  secondary  groups  of  longitudinal  fibres  belonging  to  the 
cms  cerebri,  where  the  latter  lie  in  contact  and  evidently  in  connection  with 
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the  transverse  fibres  of  the  processus  cerebelli  ad  pontem,  which  are  inter- 
woven amongst  them,  but  they  are  also  to  be  found :  1.  toward  the  more  cen- 
tral portions  of  the  secondary  groups  of  longitudinal  crural  fibres,  which  in- 
dicates that  these  groups  are  everywhere  penetrated  by  the  fibres  belonging 
to  the  processus  ad  pontem,  and  2.  within  the  strata  that  contain  the  exclu- 
sively transverse  fibres  of  the  processus,  viz.,  both  the  superficial  and  the 
deep  transverse  fibrous  layers  of  the  anterior  division  of  the  pons.  In  this 
latter  position  chey  cannot  be  supposed  to  serve  any  purpose  except  that  of 
interrupting  the  course  and  increasing  the  number  of  the  cerebellar  fibres  in 
one  direction  or  another. 

We  may  divide  the  transverse  fasciculi  belonging  to  the  processus  ad  pon- 
tem,  as  they  appear  on  the  surface  of  the  pons  obtained  by  cross  section,  into 
— 1.  a  supei'ficial  stratum;  2.  those  interwoven  among  the  longitudinal  cru- 
ral fibres ;  3.  a  deep-seated  stratum  (figs.  275  and  277,  Ts^  P,  Tp).  One 
is  tempted  to  assume  that  only  the  second  of  these  three  divisions  is  con- 
cerned in  conducting  to  the  cerebellum  the  longitudinal  crural  fibres  with 
which  its  own  cure  interwoven^  the  other  two  divisions,  and  especially  the 
deep-seated  stratum,  seem  to  be  entirely  out  of  connection  with  the  projec- 
tion-system and  to  act  only  as  a  commissure  for  the  hemispheres  of  the  cere- 
bellum, and  at  the  same  time,  if  such  were  their  function,  their  peculiar  ar- 
rangement would  still  remain  a  mystery.  Certain  considerations  oblige  us, 
however,  to  abandon  the  conception  of  these  superficial  and  deep  transverse 
fasciculi  as  tracts  that,  ranged  one  behind  another,  simply  cross  from  one 
processus  ad  pontem  to  the  other,  and  to  regard  them  as  following  a  more 
complicated  course,  even  those  of  the  deep-seated  layer  being,  in  fact,  in 
common  with  all  the  constituent  fibres  of  the  entire  transvei'se  system,  con- 
nected by  means  of  the  cells  above  referred  to  with  the  fibres  of  the  projec- 
tion-system. The  following  are  three  of  these  considerations : — 1.  The  deep- 
seated  stratum  of  transverse  fibres  has  its  upper  boundary  at  a  lower  level 
and  its  lower  boundary  at  a  higher  level  than  does  the  superficial  stratum, 
for  which  reason  the  latter  projects  somewhat  beyond  the  former,  both  at 
the  superior  and  at  the  inferior  edge  of  the  pons,  leaving  small  cavities  be- 
hind it,  the  foramina  cteca.  This  may  be  fairly  accounted  for  on  the  sup- 
position that  the  deep-seated  transverse  fibres  spring  from  the  nerve-cells  of 
this  i*egion  of  the  pons,  in  which,  as  described,  the  fibres  belonging  to  the 
cms  cerebri  terminate.  In  virtue  of  this  arrangement,  at  the  superior  edge 
of  the  pons,  where  none  of  the  crural  fibres  have  as  yet  entered  into  connec- 
tion with  these  cells  (fig.  273),  and  at  its  inferior  edge,  whore  this  process 
has  ceased  and  where  the  formation  of  the  anterior  pyramids  is  already  com- 
pleted, the  transverse  fibres  of  the  deep  layer,  which  have  their  origin  at  the 
termination  of  the  cioiral  fibres,  would  be  wanting;  whereas,  toward  the  mid- 
dle of  the  region  of  the  pons,  where  the  crural  fibres  terminate  in  the  great- 
est numbers,  this  deep  stratum  would  be  (as  in  fact  it  is)  in  its  fullest  state 
of  development.  2.  Fasciculi  that  belong  to  the  central  division  of  the 
transverse  system,  made  up  of  those  which  are  interwoven  with  the  longitu- 
dinal fasciculi,  may  be  seen  to  cross  over  and  join  the  deep  transverse  stra- 
tum of  the  opposite  side,  after  running  backwards  for  a  certain  distance  in 
the  median  line.  In  all  the  cross-sections  that  include  the  deep  transverse 
layer,  bundles  of  fibres  are  to  be  detected  curving  around  the  outer  side  of 
the  general  mass  of  longitudinal  crural  fasciculi  (from  the  central  to  the  deep 
transverse  stratum).  (Figs.  275,  right-hand  side,  and  277.)  Having  passed 
the  middle  line  once,  i.  e,y  having  come  from  the  processus  ad  pontem  of  the 
opposite  side  and  made  their  way,  as  a  part  of  the  central  division  of  the 
transverse  fibres,  between  the  longitudinal  fasciculi,  these  bundles  of  fibres 
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pass  the  median  line  for  the  second  time  in  the  opposite  direction,  as  fasci- 
culi of  the  deep  stratum,  to  return  into  the  very  processus  of  which  they 
originally  made  a  part.  This  fact  suggests  as  plausible  the  following  general 
theoiy  of  the  course  of  the  component  fibres  of  the  processus : — Each  fasci- 
culus, after  leaving  its  respective  processus,  crosses  the  median  line  as  a  part 
of  the  superficial  transverse  stratum  of  the  pons,  makes  its  way  among  the 
anterior  longitudinal  fasciculi  of  the  opposite  side,  and  enters  into  connec- 
tion with  the  latter  by  means  of  nerve-cells.  It  then  curves  around  the 
outer  side  of  the  groups  of  longitudinal  fasciculi,  entera  the  deep  stratum  of 
the  transverse  fibres,  crosses  the  median  line  for  the  second  time,  and  runs 
through  the  same  processus  to  which  it  first  belonged,  back  again  into  the 
cerebellum.  Following,  in  the  light  of  this  hypothesis,  the  course  of  the 
crural  fasciculi  through  the  region  of  the  pons,  we  may  say  in  general  terms 
that  each  fascicvlv^  of  Hie  basis  cruris  cerebri  that  tennincUes  in  eitlier  side  of 
the  anterior  division  of  the  pons,  is  representetf  in  the  cerebellar  hemisphere  of 
the  opposite  side  by  two  fasciculi^  one  of  which  rwns  with  the  superficial,  the 
other  with  the  deep  stratum  of  the  transverse  system  of  fibres  from  the  point 
of  their  connection  with  the  crural  fasciculus  into  the  processus  cerebelli  ad 
pontem  of  the  opposite  side.  If  this  be  true,"  then  each  basis  cruris  cerebri, 
besides  being  brought  into  connection  with  the  opposite  half  of  the  spinal 
cord  by  means  of  the  decussation  of  the  anterior  pyramids,  is  also  brought 
into  connection  with  the  opposite  hemisphere  of  the  cerebellum  through  the 
agency  of  these  fibres,  which  cross  into  the  opposite  processus  cerebelli  ad 
pontem.  Since  each  basis  cruris  cerebri  sympathizes,  as  a  rule,  in  the  atro- 
phy of  the  cerebral  lobe  of  the  same  side,  it  may  be  that  the  connection  just 
described  between  the  basis  cruris  and  the  opposite  cerebellar  hemisphere 
accounts  for  the  complication  of  such  an  atrophy  of  one  hemisphere  of  the 
cerebrum  with  atrophy  of  the  opposite  hemisphere  of  the  cerebellum. 

Pedunculi  Cerebelli  Inferiobes,  with  the  Continuation  of  the  Teg- 
mentum. 

The  pedunculi  cerebelli  contain  the  third  stratum  of  fibres  which  inter- 
weave themselves  transversely  among  the  longitudinal  fasciculi  of  the  pi^o- 
jection-system.  The  relation  which  the  pedunculus  cerebelli  bears  to  the 
projection-system  diifera  from  that  borne  by  the  two  last-mentioned  fibrous 
systems  by  which  the  latter  is  traversed,  in  that  while  the  processus  cere- 
beUi  ad  cerebrum  constitute  a  connecting  tract,  that  seems  only  to  traverse 
the  projection-system,  and  while  the  processus  cerebelli  ad  pontem  serve  to 
conduct  a  portion  of  the  second  member  of  the  projection-system  into  the 
cerebellum^  the  pedunculi  cerebelli  inferiores  bring  an  addition  of  considera- 
ble size  to  the  projection  system,  or,  to  speak  more  exactly,  convey  a  contri- 
bution of  fibres  from  the  cerebellum  to  the  posterior  columns  of  Hie  spinal 
cord.  Each  pedunculus  cerebelli  is  divided,  according  to  Stilling,  into  an 
outer  and  an  inner  division.  In  his  great  work  on  the  pons  Varolii,  that 
has  fairly  broken  the  path  for  the  study  of  the  anatomy  of  the  brain,  he 
makes  the  outer  division  (fig.  280  M  F  C)y  the  corpus  restiforme^  a  fascicu- 
lus of  considerable  size  which  emerges  from  the  cerebellum  at  a  point 
which,  measured  on  the  pons  Varolii,  corresponds  to  the  region  between 
the  origins  of  the  superior  and  inferior  roots  of  the  facial  nerve  (fig.  277, 
(7r,  ^g,  278,  St).  The  corpus  trapezoides  of  the  lower  Mammals,  and  the 
stratum  zonale  which  invests  the  surface  of  the  oblongata,  and  especially 
the  olivary  bodies,  are  formed  of  fibres  derived  from  the  supei-ficial  layers 
(figs.  280,  281,  ZZ)  of  this  fasciculus. 
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The  inner  division  of  the  pedunciilus  cerebelli  emerges  from  the  cerebel- 
lum at  about  the  same  level  with  the  corpus  restiforme  (figs.  277,  Z  6^,  and 
278,  M)  and  forms  a  ti-act  of  fine  bimdles  of  fibres  which,  on  cross  section, 
appears  as  a  four-sided  surface,  lying  to  the  inner  side  of  the  oval  surface 
presented  by  the  former  tract  (fig.  280  S  F  C),  Stilling  committed  an  er- 
ror in  regarding  this  inner  division  of  the  pedunculus  cerebelli  as  the  com- 
mencement of  the  fasciculus  gracilis  nnd  the  fasciculus  cuneatus  of  the 
spinal  cord.  The  dimensions  of  the  former  tract,  which  descends  immedi- 
ately from  the  cerebellum  (figs.  277,  278),  are  much  less  considerable  than 
those  of  the  fasciculi  gracilis  et  cuneatus,  and  the  structure  of  the  two 
tracts  is  very  different,  the  inner  division  of  the  pedunculus  consisting  of 
small  fasciculi  embedded  in  a  diffused  collection  of  gray  substance,  which 
contains  very  hirge  nerve-cells  (figs.  280  S  F  C^2^\  Gr,  and  Cn),  By  the 
side  of  the  fetscictili  grac.  et  cuneat,  which  on  cross-section  appear  as  if  dis- 
tended by  the  masses  of  gi*ay  matter  which  they  enclose,  and  whose  fibres 
are  arranged,  in  the  inner  portion  of  the  tract  made  up  of  the  two  fas- 
ciculi, after  the  manner  of  wicker-work,  in  its  outer  portion  moi*e  com- 
pactly, the  pedunculus  remains  always  distinguishable,  although  constantly 
diminishing  in  size  as  it  passes  downwards.  If  then,  on  the  one  hand, 
Deiters  \&  not  justified  in  denying  that  any  portion  of  the  fibres,  which 
make  up  the  inner  division  of  the  pedunculus  cerabelli,  are  derived  directly 
from  the  cerebellum,  still,  on  the  other  hand,  it  is  quite  probable  that  these 
fibres  do  not  reach,  under  the  form  of  the  inner  division  of  the  pedimculus, 
the  respective  posterior  column  of  the  spinal  cord,  but  that,  even  above  the 
point  of  closure  of  the  central  canal,  they  resolve  themselves  into  fibi-»  ar- 
cuatfB  of  the  oblongata.  At  any  rate,  before  the  disappearance  of  this  inner 
division  of  the  pedunculus,  it  becomes  wedged  apart  from  the  corpus  resti- 
forme by  the  introduction  between  them  of  that  fibrous  foi*matiou  which, 
together  with  the  masses  of  gray  substance  which  it  encloses,  and  which  so 
distend  it  that  it  forms  on  the  surface  the  prominences  of  the  fasciculi  gra- 
cilis et  cuneatus,  really  passes  over  into  the  posterior  column  of  the  same 
side  of  the  spinal  cord.  It  will  be  explained  below  that  these  meduUary 
fasciculi  are,  on  each  side,  the  indirect  prolongation  of  the  corpus  restiforme 
of  the  opposite  side^  the  latter  diminishing  progressively  in  bulk  at  the 
same  rate  at  which  they  increase. 

The  pedunculus  that  seems  externally  to  be  continuous  with  the  respec- 
tive posterior  column  of  the  cord,  is  made  up,  therefore,  of  the  following 
distinct  formations:  1.  The  corpus  restiforme.  2.  The  inner  division  of 
the  pedunculus  cerebelli     3.  The  fasciculi  gracilis  et  cuneatus. 

These  formations  are  to  be  seen  side  by  Bide,^in  that  part  of  the  oblongata  that  lies 
between  the  limits  whioh  correspond  to  the  lections  represented  in  figs.  280  and 
281. 

The  Posterior  Tract  op  the  Projection-System. 

The  explanation  of  the  manner  in  which  the  peduncvli  cerebelli  weave 
their  fibres  among  those  of  the  projection-systemy  with  the  two  sides  of 
which  thfey  lie  in  apposition,  must  be  preceded  by  a  description  of  the  mo- 
saic-like arrangement,  at  various  levels,  of  the  constituent  formations  of  the 
latter  as  seen  on  cross-sections. 

In  the  region  where  this  posterior  tract  of  the  projection-system  (the 
tegmentum)  has  freed  itself,  which  takes  place  in  the  upper  third  of  the  re- 
gion of  the  pons,  from  the  processus  cerebelli  ad  cerebrum,  by  which  it  had 
been  traversed,  t.  e.,  after  the  latter  have  made  their  way  to  the  outer  siir^* 
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face  of  the  posteiior  division  of  the  pons,  where  they  form  the  lateral 
boundary  walls  of  the  4th  ventricle  (fossa  rhomboidea)  (fig.  275  A),  cross- 
sections  of  the  same  tract,  which  may  here  be  called  the  posterior  division 
of  the  pons,  show  the  following  new  formations  to  have  associated  them- 
selves with  those  which  have  been  described  in  connection  with  the  cms 
cerebri,  as  comprising  the  different  sets  of  fibres  contributed  by  the  ganglia 
of  origin  of  the  tegmentum  to  the  antero-lateral  columns  of  the  spinal  cord. 
These  additional  sets  of  fibres  are  :  1.  the  prolongation  of  that  portion  of 
the  lemniscus  which  is  derived  from  the  corp.  bigem.  inferius,  the  "pes 
lemnisd'^  (figs.  275  and  276,  JS)  ;  2,  the  ^ascending  root  of  the  bthpair  of 
nerves,  the  tri-facial  (figs.  276  §,  277,  280,  281,  JS)  ;  3,  the  peduiiculus  cere- 
belli,  just  described. 

Fig.  275. 


Fig.  275.  Transparent  section  from  the  Ilvman  pons  Varolii^  at  the  letet  of  its  greatest 
convexity.  Tlie  left  half  of  the  section  comes  from  a  higher  letel  than  the  right,  andfaUs 
tcithin  the  region  occupt^  by  the  motor  {smaUer)  root  of  the  6th  pair, 

F,  velum  medullare  with  the  lingula,  roofing  over  the  4th  ventricle,  that  becomes 
wider  below  (i.  e.^  as  represented  in  the  right-hand  half  of  the  figure) ;  A^  cro6&-sec- 
tion  of  the  processus  cerebelli  ad  cerebrum,  as  they  lie  in  the  lateral  walls  of  the  4th 
ventricle ;  Z/,  the  posterior  longitudinal  fasciculus,  lying  beneath  the  floor  of  the  4th 
ventricle  ;  &,  the  inferior  lamina  of  the  lemniscus,  on  the  left-hand  side  of  the  sec- 
tion still  covering  the  processus  ad  oerebrum,  on  the  right-hand  side  appearing  aa  a 
circular  group  of  nerve-fibres,  which  surrounds  a  collection  of  gray  substance  iS) ; 
FM,  the  motor  district  of  the  posterior  division  of  the  pons  ;  6",  the  stratum  lem- 
nisci  of  Reicfiert ;  Br^  the  processus  cerebelli  ad  pontem — 7]p,  being  the  deep-seated, 
Ts^  the  superficial  stratum  of  its  transverse  fibres ;  P,  cross-sections  of  the  groups 
of  longitudinal  fasciculi  of  the  basis  cruris  cerebri  ;  5m,  the  nucleus  of  origin  of  the 
motor  root  of  the  5th  pair,  which  towards  the  outer  part  of  the  section  are  seen  pen- 
etrating the  processus  ad  pontem  (5)  ;  F^  substantia  ferruginea  anterior;  56,  56, 
bundles  of  fibres  which  come  from  the  substantia  ferruginea,  make  their  way  among 

*  The  terms  ^'  ascending  *'  and  ^^  descending  '*  applied  to  the  roots  of  the  nerves  in- 
dicate that  the  latter  run  upwards  or  downwards  to  reach  the  point  of  exit  of  the 
nerves  themselves. 
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and  around  the  outside  of  the  fibres  of  the  posterior  longitudinal  fasciculus,  Z,  cross 
the  raphe,  and  gather  themselves  (at  the  level  corresponding  to  the  right  half  of  the 
section)  to  form  the  inner  portion  of  the  descending  root  of  the  5th  pair,  lying  to  the 
right  of  the  posterior  longitudinal  fasciculus.  These  fibres  are  joined  by  fibne  rec- 
tee  from  the  raphe  that  curve  round  the  inner  border  of  the  posterior  longitudinal 
fasciculus  ;  6e^  the  outer  portion  of  the  descending  roots  of  the  5th  pair ;  5(2,  por- 
tions of  the  larger  root  of  tiie  5th  pair,  curving  themselves  around  the  processus  ad 
cerebrum  ;  B,  the  raphe. 

Thus  constituted}  the  surface  obtained  by  cross-section  of  the  collective 
groups  of  fibres  conveyed  by  the  tegmentum  to  the  antero-lateral  spinal 
columns  may  be  divided,  for  purposes  of  description,  into  different  districts, 
as  follows :  Proceeding  forwards  from  the  gray  floor  of  the  fourth  ventricle, 
three  such  districts,  lying  one  behind  the  other,  may  be  distinguished.  The 
first  contains  the  posterior  longitvdin^  fasciculus  y  the  second,  the  (middle) 
motor  region/  the  third,  the  stratum  lemnisci  (lieichert).  Again,  in  pro- 
ceeding from  the  median  line  outwards,  there  may  be  distinguished  two 
such  districts  lying  side  by  side,  the  first  being  occupied  by  the  groups  of 
fibres  destined  to  form  the  anterior  spinal  column,  a  i*egion  which  borders 
on  the  median  raphe  and  is  bounded  outwardly,  in  the  pons  by  the  roots  of 
the  nervus  abducens,  in  the  oblongata  by  those  of  the  nervus  hypoglossus ; 
the  second  by  the  group  of  fibres  destined  for  the  lateral  column.  The 
latter  district  borders  on  the  former,  and  extends  outwards  as  far  as  the 
ascending  root  of  the  fifth  pair,  enclosing  therefore  the  pes  lemnisci  (Stil- 

2^he  posterior  longitudinal  fasdaulus,  which  extends  uninterruptedly 
through  the  medulla  oblongata  into  the  posterior  fasciculi  of  the  anterior 
spinal  column  (as  is  seen  on  transpai'ent  longitudinal  sections  through  the 
caudex  cerebri),  owe  the  compact  characteristic  appearance  which  they  pre- 
sent on  section  prepai-ations  to  the  great  si^e  of  their  component  mediillated 
fibres,  which  distinguishes  them  even  in  the  highest  regions  of  the  caudex 
cerebrL  The  straJtum  lemnisci  is  characterized  by  similar  optical  peculiari- 
ties. The  remaining  distiicts  of  the  tegmentum  do  not  have  this  striking, 
compact  appearance  until  later.  According  to  Peiters,  a  change  of  this 
kind  in  the  calibre  of  the  nerve-fibres  necessarily  implies  a  previous  inter- 
ruption of  their  course  by  nerve-cells. 

The  remaining  groups  of  fibres  of  the  tegmentum  attain  this  increased 
size  in  the  following  order:  In  the  region  of  origin  of  the  facial  nerve, 
those  portions  of  that  collection  of  fibres  described  as  destined  to  form  the 
anterior  spinal  columns,  which  lie  in  the  immediate  neighborhood  of  tlie 
posterior  longitudinal  fasciculus,  become  more  compactly  disposed,  and  in 
the  sections  taken  from  the  upper  part  of  the  oblongata  this  entire  region, 
occupied  by  the  future  anterior  spinal  colunn,  appears  uniformly  dense, 
while  the  region  occupied  by  the  future  lateral  column  of  the  spinal  cord 
presents  in  its  central  portions  a  similar  appearance,  which,  as  stated  above, 
is  due  to  an  increase  in  the  medullary  substance  of  the  nerve-fibres,  but  not 
imtil  a  later  period. 

The  pes  lemnisci  is  made  up  of  the  fibres  belonging  to  the  inferior  lamina 
of  that  system  gathered  into  a  group,  which,  until  it  nearly  reaches  the 
region  of  the  facial  nerve,  has  a  circular  form  (figs.  275,  276  S),  and  that 
encloses  a  compact  mass  of  cells  of  the  same  size  with  those  which  lie 
between  the  fibres  of  the  lemniscus,  while  the  latter  still  covers  the  pro- 
cessus ad  cerebrum.  It  is  incorrect  to  give,  as  Stilling  does,  the  designation 
of  gelatinous  substance  to  this  mass  of  cells,  as  is  proved  by  their  size  (30 
/A  by  12  ft),  which  considerably  exceeds  that  of  the  elements  of  the  latter. 
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From  the  level  of  the  origin  of  the  facial  nerve  outwards,  the  pes  lemnisci 
is  no  longer  to  be  distinguished  by  its  enclosing  this  compact  mass  of  nerve- 
cells,  but  contains  them  only  scattered  here  and  there.  This  tract  by  no 
> means  loses  itself,  however,  in  the  ascending  root  of  the  fifth  pair  (figs.  27G, 
right-hand  side,  Q,  277,  280,  281  /S^),  as  I  formerly  believed,  but,  on  the  con- 
trary, cross-sections  from  oblongatas,  where  the  inferior  lamina  of  the  lem- 
niscus can  be  satisfactorily  followed,  prove  that  the  pes  lemnisci  extends, 
under  the  form  of  the  outermost  fasciculus  of  the  lateral  columns,  even  into 
the  spinal  cord  (Stilling),  lying,  in  the  pons  and  oblongata,  at  first  by  the 
side  of  the  roots  of  the  facial  nerve  (fig.  277),  then  in  the  closest  apposition 
to  the  ascending  root  of  the  fifth  i)air.  Since  this  root  encloses  gelatinous 
substance  which  is  in  direct  continuation  with  tlie  caput  comu  posterions 
of  the  spinal  cord  (substantia  cinerea  gelatinosa),  in  whose  cells  it  termin- 
ates, it  is  plain  that  the  continuation  of  the  pes  lemnisci  must  lie  within  the 
spinal  cord,  in  apposition  with  this  same  caput  comu  posterioris.  Owing 
to  the  favoring  circumstance  that  these  roots  of  the  fifth  pair  are,  by  the 
fineness  of  their  constituent  fibres,  which  contain  but  little  medullary  sub- 
stance, and  therefore  look  comparatively  dark  on  cross-section  preparations, 
to  be  clearly  distinguished  from  the  white  columns  of  the  spinal  cord,  it  is 
easy  to  demonstrate  that,  at  the  lower  end  of  the  oblongata,  this  caimt 
comu  posterioris  ceases  to  be  accompanied  by  them,  as  it  had  been  before, 
and  comes  into  immediate  contact  with  the  lateral  and  posterior  columns,  a 
relation  which  remains  unchanged  throughout  the  entire  length  of  the  spinal 
cord. 

Genetically  considered,  the  group  of  fibres  that  border  on  the  anterior 
part  of  the  posterior  comu  (the  posterior  portion  of  the  lateral  spinal 
column)  arises  from  the  same  central  generative  mass  from  which  the  pos- 
terior columns  are  derived,  and  should  be  reckoned  physiologically  with 
the  centripetal  ti'acts.  May  it  not  be  that  this  group  of  fibres,  which  be- 
longs thus  functionally  to  the  posterior  columns,  though  associated  anato- 
mically with  the  lateral  columns,  is  perhaps  only  a  continuation  of  those 
fibres  of  the  pes  lemnisci  that  came  by  way  of  the  valve  of  Vieussens  from 
the  cerebellum?  (p.  713).  If  this  be  so,  then  that  portion  of  the  stratum 
lemnisci  that  arises  in  the  corp.  quadrigem.  passes  entire  into  the  centrifu- 
gal tracts  of  the  spinal  cord. 

To  the  inner  side  of  the  pes  lemnisci  (the  continuation  of  the  inferior 
lamina  of  the  lemniscus),  and  behind  the  stratum  lemnisci  (continuation  of 
the  superior  lamina  of  the  lemniscus),  which  curves  slightly  to  make  room 
for  it,  lies  the  superior  olivary  body*  of  Schroeder  v.  d,  KcXh  (figs.  276, 
277,  278,  279,  0),  described  by  JSttUing  in  treating  of  the  Human  brain 
as  a  ganglionic  mass,  supplementary  to  his  inferior  trigeminus-nucleus ;  by 
Deiters,  however,  recognized  and  designated  rightly,  even  as  it  occurs  in 
the  Human  subject.  In  Man  it  extends  from  the  most  superior  of  the  roots 
of  the  facial  nerve  down  to  the  lower  border  of  the  pons ;  in  certain  ani- 
mals, to  the  lower  border  of  the  corpus  trapezoides.  In  the  brain  of  the 
Cercocebus  cinomolgus  I  found  it  to  be  2.5  mm.  in  length.  In  Man  its  out- 
lines ai*e  indistinct ;  but  in  the  Bog,  for  example,  it  appears  as  a  well-de- 
fined body,  consisting  of  an  outer  poition,  which  is  bent  into  the  shape  of  a 
XJ,  and  an  inner  portion,  the  superior  accessory  olive,  which  on  cross-section 
has  an  elongated  oval  form.  I  have  satisfied  myself,  by  means  of  an  exqui- 
site longitudinal  section  from  an  Ape's  brain,  made  by  Dr.  Clason,  prosector 

*  The  olivary  body  of  the  medulla  should,  strictly  speakiBg,  be  designated,  as  it  is 
here,  as  the  inferior  olivary  body. — (Tbanb.) 
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in  XJpaala,  that  the  superior  olive  is  traversed  by  fibres  of  the  tegmeutum, 
i.  e.,  of  its  prolongation  in  the  posterior  division  of  the  pons,  and  that  these 
fibres  enter  into  connection  with  slender  nerve-cells  of  the  ganglion  (30  /x  by 
6-9  fjLJy  their  position  in  the  mosaic  work  of  cross-section  preparations  being 
behind  the  stratum  lemnisci  and  to  the  inner  side  of  the  pes  lemnisci. 

The  inferior  olivary  bodi/,  which  belongs  to  the  upper  half  of  the  medulla, 
attains  in  the  Human  brain,  through  the  enlargement  and  corrugation  of  its 
nucleus  dentatus,  its  highest  degree  of  development.  Indeed,  »Schroeder  v. 
d.  Kolk  believed  the  superior  and  the  inferior  olivary  bodies  of  the  lower 
Mammals  to  be  united  in  the  inferior  olive  of  Man,  which  is  however  a 
mistake.  The  so-called  accessory  olivary  bodies  (external  and  internal) 
have  precisely  the  same  structure  with  the  nucleus  dentatus,  being  made  up 
of  finely  granular  gray  connective  substance  with  multipolar  nerve-cells,  24 
fi  in  length  by  9-12  in  thickness;  and  indeed  are  probably  not  really  sepa- 
rated from  the  main  nucleus,  but  ai*e,  on  the  contrary,  the  extremities  of 
the  latter,  folded  back  to  form  the  opening  of  the  so-called  hilus,  which 
faces  backwards  and  inwards. 

The  appearance  of  separation  between  the  two  masses  may  be  due  to  the 
fact  that  the  main  nucleus  is  traversed,  at  the  place  of  the  apparent  inter- 
val, by  an  especially  abundant  supply  of  transverse  nerve-fibres.  Keichert 
concluded,  from  the  gross  appearance  of  the  cut-surface  of  the  oblongata, 
that  the  accessory  olivary  bodies  were  nothing  but  blood  coagula  in  small 
vessels,  cut  across,  and  dit*colored  by  chromic  acid,  an  opinion  which  is  cer- 
tainly untenable.  The  inferior  olive  lies,  with  respect  to  the  longitudinal 
fasciculi  of  the  tegmentum,  anteriorly  to  the  superior  olive,  being  embedded 
in  the  midst  of  the  medvUary  substance  of  the  stratum  lemnisci  {funiculus 
olives  of  Burdach),  whose  fibres,  running  slightly  inwards  and  backwards,  ' 
in  longitudinal  spiral  curves,  penetrate  the  nucleus  dentatus  and  enter  into 
connection  with  its  nerve-cells,  thus  constituting  the  longitudinal  portion 
of  the  medullary  substance  which  occupies  the  cavity  of  the  olivary  body. 
Clason's  beautiful  longitudinal  sections  from  the  Ape's  brain  have  entirely 
convinced  me  of  the  correctness  of  this  view.  Dei  tors  also  has  described 
the  olivary  bodies  as  being  connected  with  the  spinal  columns. 

A  certain  portion  of  the  fibres  of  the  stratum  lemnisci  do  not  penetrate  the  olivary 
body,  but  merely  pass  over  a  part  of  its  surface,  and,  inasmuch  as  they  are  brought 
into  prominence  by  the  bulging  form  of  the  latter,  they  have  received  from  Burdach 
the  designation  of  funiculi  siliquae  (Hiilsenstrange).  Their  relation  to  the  nucleus  is 
merely  one  of  position,  and  they  are  inconstant  in  their  occurrence,  and  variable  as 
to  the  degree  of  their  development. 

Besides  these  defined  masses  of  gray  substance,  the  olivary  bodies,  and  be- 
sides the  collections  of  nerve-cells  that  evidently  stand  in  connection  with  the 
roots  of  the  cerebral  nerves  and  later  become  their  nuclei,  there  are  other 
nerve-cells  enclosed  within  the  motor  district  of  the  posterior  division  of  the 
pons,  which  are  sometimes  of  small,  sometimes  of  large  size,  irregularly  dis- 
posed, and  which  plainly  stand  in  connection  with  the  fibres  of  the  pedun- 
culus  cerebelli,  by  which  the  region  in  question  is  traversed. 

The  smaller  elements  (24-33  ^  by  9-12  ^)  of  these  systems  of  scattered  cells 
are  limited,  essentially,  to  that  region  of  the  pons  that  lies  betwean  the 
place  of  decussation  of  the  processus  cerebelli  ad  cerebrum,  and  the  region 
of  origin  of  the  facial  nerve  (figs.  275,  270,  Jl/"  J<J  w),  where  they  form  num- 
berless small  clusters  that  lie  between  the  medullaiy  fibres  of  the  nwtor 
district  and  ai-e  especially  common  in  the  stratum^  lemnisci. 

In  the  lower  half  of  the  pons^  these  cell-clusters  become  confined  to  the 
46 
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neighborhood  of  the  ascending  roots  of  the  5th  pair  of  nerves,  into  vhich 
they  are  undoubtedly  carried  by  the  transverse  fibres  by  which  the  latter  is 
traversed ;  indeed  they  are  to  be  distinguished  by  their  size  as  belonging 
to  these  fibres,  even  in  the  midst  of  the  gelatinous  substAnee  which  the  roots 
of  the  5th  pair  enclose. 

In  the  oblongata,  and,  to  speak  more  exactly,  in  the  region  of  the  vagus 
nerve,  these  cell  clusters  make  their  appearance  again  in  the  lateral  columns, 
in  the  fii*st  place  in  the  form  of  a  single  quite  large  group,  situated  to  the 
inner  side  of  the  stratum  lemnisci,  the  nucleus  of  the  laterid  columns  (Still- 
ing, Clarke,  Deiters),  and  further  in  small  groups  that  lie  posteriorly  to  the 
olivary  body  and  towards  the  median  line. 

In  the  upper  part  of  the  pons,  where  the  smaller  cells  abound,  the  largerele- 
ments  of  the  scattered  cell-systems  of  the  motor  district  are  only  found  in 
very  small  numbers  scarcely  deserving  of  mention.  In  the  region  of  origin 
of  the  facial  nerve  they  begin  to  be  of  frequent  occurrence,  but  lower  down 
their  number  is  still  greater,  and  in  that  section  of  the  medulla  oblongata 
which  has  just  been  under  consideration  they  ai-e  everywhere  to  be  found. 

Even  within  this  region  however,  as  seen  in  cross-section,  these  large  cells 
are  not  distributed  equally  over  every  part  of  the  surface.  In  those  districts 
where  the  nuclei  of  the  motor  nerves  (facialis,  abducens,  hypoglossus,  vagus, 
and  accessorius)  are  present  in  the  greatest  profusion  they  occur  also  in  the 
greatest  numbers,  and  moreover  they  are  the  most  thickly  disposed  in  the 
neighborhood  of  the  gray  floor  of  the  4th  ventricle  and  in  the  lateral  columns 
— in  short,  in  the  districts  occupied  by  these  very  nuclei.  Deiters  therefoit 
certainly  did  not  si)eak  without  reason  when  he  said  that,  besides  their  con- 
nection with  their  nuclei  of  origin,  the  nei-ve  roots  were  connected  'with 
these  dispersed  elements,  a  relation  of  which  more  will  be  said  below. 

The  fibrous  system  oi  the  fbrce  arcuatce  (figs.  275  to  281  M  F  JbJ,  M  FL 
M  F,  in  F  M^  VJS,  and  at  ar,  a,  A  iS,  A  M)  plays  an  important  part,  a» 
appears  at  first  glance,  in  the  structure  of  that  section  of  the  posterior  tract 
of  the  caudex  cerebri  (the  continuation  of  the  tegmentum)  that  lies  Wtween 
the  level  at  which  the  decussation  of  the  processus  corebelli  ad  cerebnim  is 
completed,  and  that  which  corresponds  to  the  lower  extremity  of  the  olivary 
body.  The  greater  part  of  these  transverse  fibres,  however,  are  derived 
from  the  pedunculus  cerebelli,  and  as  emissaries  of  the  latter  they  weave 
themselves  among  the  fibres  of  the  projection-system.  The  rest  of  them  are 
derived  from  the  ganglia  of  origin  of  the  cerebi-al  nerves,  and  will  be  treated 
of  below. 

The  course  of  that  part  of  the  fibn©  arcuatie  that  is  now  to  be  considered 
cannot  be  satisfactorily  traced  for  all  the  regions  in  which  they  occur,  and 
the  greatest  difficulty  is  met  with,  as  may  be  imagined,  in  the  region  of  the 
greatest  convexity  of  the  pons  and  that  occupied  by  the  main  roots  of  the 
5th  pair  (figs.  275  and  276),  for  at  that  level  the  pedunculus  cerebelli  has 
not  yet  made  its  appearance,  by  tracing  whose  course  it  becomes  possible 
later  to  obtain  an  insight  into  the  manner  of  termination  of  these  fibn*. 
The  fibrre  arcuatse  of  this  obscure  region  may  be  divided  into  three  system?, 
according  to  their  relations  and  course. 

The  1st  or  superior  system.  It  is  certain  that  the  fibne  arcuate  of  the 
superior  part  of  this  region  enter  into  comiection  with  the  clusters  of  the 
sinaller  nei-ve-celh^  and,  through  their  agency,  with  the  fibres  of  the  project 
tion-system  (future  antero-lateral  columns  of  the  spinal  cord).  It  is  how- 
ever probable  that  the  posterior  set  of  these  same  transverse  fibres  direct 
their  course  backwards  when  they  arrive  near  the  inner  surface  of  the  pro- 
cessus cerebelli  ad  cerebmm,  and  thus  enter  the  cerebellum  (fig.  275,  left- 
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hand  side),  while  at  the  same  time  the  tendency  which  their  inner  extrem- 
ities show  to  turn  forward,  makes  it  probable  that  they  cross  the  mphe  and 
pass  into  the  anterior  set,  whose  component  fibres,  as  will  appear  later,  are 
all  in  connection  with  the  corpus  restifonne, 

Tlie  2d  or  middle  system  of  fibrsB  arcuatie  is  connected  with  the  nucleus 
dentatus  of  the  superior  olivary  body,  which  acquires  a  worm-like  appear- 
ance from  the  transverse  striation  made  by  the  passage  of  these  fibres  (tigs. 
279,  276,  277,  278,  o). 

Fig.  279. 


Fig.  279.*  Transparent  seetion  from  the  oblongatn,  at  the  levd  of  Vie  nertus 
acvMtieus,  from  Hypsiprimnm  murinus.  VIII,  nucleus  of  the  nemis  acusticus ;  P, 
anterior  pyramid ;  M  F,  section  of  the  motor  district  of  the  posterior  division  of  the 
oblongata ;  H^  raphe ;  G\  gelatinous  substance ;  0,  superior  olive ;  JS7,  inner  division 
of  the  i>edunculus  cerebelli ;  7\  corpus  trapezoides ;  5,  genu  nervi  facialis ;  6,  nervus 
abducens ;  8,  roots  of  the  nervus  acusticus ;  8',  fibres  from  the  nuclei  of  the  nervus 
acusticus,  that  lose  themselves  in  the  neighborhood  of  the  posterior  longitudinal 
fasciculus  8 '. 

The  fibrae  arciiat«e,  which  in  the  Human  brain  emerge  from  the  restiform 
body  immediately  behind  the  deep  stratum  of  transverse  fibres  of  the  pons, 
in  the  region  of  origin  of  the  facial  nerve,  and  which,  passing  partly  in  front 
of,  partly  through,  the  root  of  the  5th  pair,  pierce  the  stratum  lemnisci  on 
their  way  to  the  raphe  (fig.  277  cr,  through  JS  to  Jt),  are  morphologically 
identical  with  the  corpus  trapezoides  (Deiters)  of  the  lower  animals,  which, 
on  account  of  the  shortness  of  the  pons  (in  the  lower  Mammal  brains),  lies 
freely  exposed  on  the  surface  of  the  oblongata,  by  the  side  of  each  anterior 
pyramid  (fig.  279  7\  278  fSt,  Jis),  After  having  decussated  at  the  median 
line,  these  fibres  direct  their  course  outwards,  passing  behind  the  corpus 
trapezoides  of  the  opposite  side  to  reach  the  superior  olivary  body  (fig. 
278  jV^to  O;  figs.  277  and  279,  i2  to  O).  By  winding  themselves  spirally 
around  the  surface  of  this  nucleus,  they  help  to  form  for  it  a  capsule  of 
nerve  fibres  (figs.  278,  279,  0),  and  then  make  their  way  ti-ansversely  through 
its  substance,  entering  undoubtedly  into  connection  with  its  nerve-cells. 
Besides  being  united  in  this  manner  with  the  restiform  body  of  the  opposite 
side,  the  nucleus  dentatus  of  the  superior  olivary  body  is  further  brought 
into  connection  with  the  cerebellum,  by  means  of  fibres  that  run  directly 
into  the  latter,  piercing  on  their  way  the  inner  division  of  the  pedunculus 
cerebelli.  These  fibres  pass  off  from  the  system  of  nerves  that  form  its  cap- 
sule, and  in  certain  animals  form  so  large  a  group  as  to  attract  the  attention 
immediately  (fig.  279  ICl). 

♦  Since  the  plates  were  arranged  to  illustrate  the  description  of  the  various  an- 
atomical systems  of  fibres,  figs.  279  and  280  have  been  removed  from  the  places  that 
they  would  occupy  if  their  natural  succession  had  been  regarded.  In  order  however 
that  the  reader  m^y  be  able  to  refer  the  sections  to  their  real  positions,  they  are  num- 
bered according  to  the  order  in  which  they  anatomically  occur. 
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They  are  probably  to  be  regarded  as  the  continuation  of  those  fibres  of  the 
restiform  body  that  have  been  described  as  entering  the  olivary  body,  and 
that,  before  their  emergence,  i*an  in  an  intiicate  manner  around  and  through 
the  substance  of  the  latter. 

I  would  not  maintain  that  all  the  connections  of  the  superior  oliyaiy  body  have 
been  included  in  the  foregoing  description.  Especially  in  the  region  of  the  trapezoid 
body,  delicate  bundles  of  fibres  are  to  be  seen  ascending  from  the  neighborhood  of 
the  latter  to  the  outer  border  of  the  nucleus  dentatus  superior  of  the  same  edde, 
which  assuredly  form  no  portion  of  the  above-mentioned  tracts,  and  whose  origin 
cannot  indeed  be  referred  with  certainty  to  the  restiform  body. 

The  third  or  inferior  system  of  fibres  arcuatce  from  tJie  pedvneulus  cerebdli 
lies  in  the  region  of  the  infeiior  olivary  body  (figs.  280,  281).  The  rela- 
tions of  this  last  system  are  not  so  easy  of  demonstration  as  the  points  which 
we  have  just  been  discussing,  concerning  the  connection  between  the  fibr» 
arcuatse  and  the  superior  olivaiy  body.  I  see,  therefore,  a  proof  of  that 
power  of  penetration  of  Otto  Deitera  that  marks  him  as  a  true  investigator, 
in  the  fact  that  he  was  able  to  discover  between  the  formations  of  this 
region  a  relation  of  an  entirely  unexpected  character,  which,  although  sub- 
jected to  the  closest  criticism  and  to  repeated  modification,  must  still  be 
regarded  as  affording,  in  its  leading  features,  the  key  to  the  correct  compre- 
hension of  the  anatomy  of  the  district  in  question.  Stilling,  Lenhossek,  and 
Schroeder,  and,  with  even  greater  fidelity,  Clarke,  had  described  the  course 
of  the  superior  and  inferior  systems  of  the  fibrsB  arcuatas,  their  connection 
partly  with  the  external,  partly  with  the  internal  division  of  the  pedunculus 
cerebelli,  as  well  as  the  fact  of  their  traversing  the  substance  of  the  olivai-y. 
That,  however,  the  restiform  body  and  the  anterior  division  of  the  fibrse  ar- 
cuatse  in  the  region  of  the  inferior  olivary  bodies,  the  fasciculi  cuneatus  and 
gracilis,  which  pass  into  the  posterior  spinal  column,  and  the  posterior  divi- 
sion of  the  same  fibrse  arcuatse,  are  but  fragments  of  one  and  the  same  fibrous 
system  with  which  the  inferior  olivary  bodies  stand  in  connection,  no  investi- 
gator before  Deiters  ventured  to  maintain.  Lenhossek  indeed  emphasized 
his  belief  in  the  fact  that  the  anterior  division  of  these  fibrie  arcuat«8  had  no 
connection  with  the  other  parts  of  the  system  referred  to,  by  describing  them 
as  forming  a  commissure  between  the  cerebral  lobes.  Nevertheless,  the  fact 
that  the  corpus  restiforme,  the  outer  division  of  the  pedunculus  cerebelli  (fig. 
280  MFC,  in  fig.  281  the  prolongation  of  Z  behind  iS)y  progressively  dimin- 
ishes in  size  from  above  downwards,  finally  to  disappear  altogether,  just  at 
the  same  rate  at  which  the  funiculi  gracilis  et  cuneatus,  the  posterior  column 
of  the  oblongata  (fig.  281  H,  i,e,  Gn-\-  Gr),  increase  in  size,  justifies,  and 
even  forces  upon  us,  the  condusion  that  these  two  tracts  constitute  in  reality 
only  different  portions  of  one  coherent  system,  the  posterior  column  of  one 
side  having  its  origin  in  the  cerebellar  hemisphere  of  the  other  side.  Taking 
this  general  conclusion  of  Deitei-s  as  a  guide,  I  have  unravelled  the  details 
of  this  connection  between  the  different  parts,  as  follows : — 

The  fibrous  tracts  of  the  oblongata,  from  which  the  posterior  columns  are 
thus  formed,  may  be  divided  into  two  groups,  each  of  which  follows  a  differ- 
ent course. 

1.  The  outermost  and  midcUe  fibres  arcuatce  from  the  restiform  body  form 
a  system  of  fibres  analogous  to  the  corpus  trapezoides,  in  the  region  of  the 
superior  olivary  body.  Having  their  origin  in  the  cerebellum,  they  pass  in 
part  around  and  to  the  outside  of  the  ascending  root  of  the  5th  pair  (aS')  and 
the  olivary  body,  under  the  form  of  the  stratum  zonale,  and  in  part  they 
make  their  way  through  the  root  of  the  5th  pair  as  well  as  through  the 
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olivary  body,  although  without  entering  into  connection  with  the  nerve-cells 
of  the  latter.  While  passing  transversely  through  the  region  occupied  by 
the  root  of  the  5th  nerve,  their  course  is  inten-upted  by  small  nerve-cells, 
and  further  on  they  become  connected  with  the  cell-clustei*8  of  the  motor  dis- 
trict (nucleus  of  the  lateral  column  of  the  oblongata). 

Fig.  280. 


Fig.  280.  Transparent  section  from  the  Human  oblongata  at  the  level  of  the  upp&r- 
most  roots  of  the  vagiis  nerve.  Vtll  to  X*,  transvt^rRe  section  of  the  gray  floor  of  the 
4th  ventricle-  P,  anterior  pyramid;  0,  inferior  olivary  body,  with  Z,  the  stratum 
zonale ;  MFu^  the  outer  division  of  the  pedunculus  cerebelli  (corpus  restiforme) ; 
8FCy  the  imier  division  of  the  pedunculus  cerebelli ;  0»\  Oe^  nuclei  olivares  accessorii 
intemus  et  extemus ;  i2,  raphe ;  MFJ^  inner  division  of  the  motor  district  (future 
lateral  column  of  the  spinal  cord) ;  (?,  the  gelatinous  substance ;  S^  fibres  constituting 
the  ascending  root  of  the  5th  cranial  nerve  enclosed  in  and  surrounding  this  gelatinous 
substance.  A  8^  fibne  arcuat»  connected  with  the  inner  division  of  the  pedunculus 
cerebelli ;  Am^  fibrss  arcuat»  connected  with  the  outer  division  of  the  pedunculus 
cerebelli ;  XII^  the  roots  of  the  nervus  hypoglossus  ;  X  portions  of  the  main  roots  of 
the  vagus  passing  through  the  gelatinous  substance.  The  X  placed  beneath  the  gray 
floor  of  the  ventricle  marks  certain  portions  of  this  root  that  emerge,  in  company  with 
certain  roots  of  the  hypoglossus,  from  the  median  raphe ;  X'  bundles  of  fibres  from  the 
posterior  column  of  fibres  from  which  the  vagus  (in  part)  arises ;  X*,  the  anterior 
nucleus  of  the  vagus,  with  fibres  that  run  backwards  toward  the  gray  floor  of  the  ven- 
tricle and  bend  round  beneath  it  to  enter  the  main  root  of  the  nerve  :  X^,  bundles  of 
fibres  that  emerge  from  the  raphe  and  run  just  beneath  the  epithelium  of  the  gray 
floor,  around  and  through  the  eminentia  teres;  X',  median  nucleus  of  the  vagus; 
VIII,  fibres  belonging  to  the  nervus  acusticus  (Clarke). ' 
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These  fibrss  arcuatsB  then  cross  the  median  raphe  of  the  oblongata,  passing 
on  the  way  in  part  in  front  of  the  olivary  body,  in  part  out  of  its  hilus,  and 
make  their  way  into  the  hilus  of  the  olivary  body  of  the  opposite  Me^  enter- 
ing into  connection  mitfi  its  net^e-cells.  This  connection  between  the  olivary 
of  one  side  and  the  restiforrn  body  of  the  opposite  side  was  assumed  by 
Deitera  on  the  strength  of  the  fact  that  in  both  olivary  bodies,  besides  a  cer- 
tain number  of  fibrsB  arcuatas  that  stand  in  connection  with  the  nerve-cells 
of  the  latter,  as  may  be  proved  by  following  them  up  in  alcoholic  prepara- 
tions, other  fibres  are  to  be  found  that  simply  pass  without  interruption 
through  the  nucleus,  in  curving  lines.  The  justice  of  this  view  is  confirmed 
by  the  pathological  cii'cumstance  that  atrophy  of  one  hemisjihere  of  tJie  cere- 
bellum always  occurs  in  connection  with  atrophy  of  the  opposite  inferior 
olivary  body.  From  the  cells  of  the  olivary  body,  the  fibras  arcuatfe  (rather 
the  posterior  set  of  them)  continue  their  course  towai^d  th^  funiculi  gra^cilis 
et  cuneatuSj  which  form  the  posterior  column  of  the  opposite  side  from  that 
hemisphere  of  the  cei*ebellum  in  which  they  originated,  to  become  finally  a 
component  part  of  these  longitudinal  tracts,  after  making  their  way  through 
the  nuclear  masses  that  the  same  enclose.  The  bulk  of  the  funiculi  is  thereby 
so  much  increased  that  they  approach  the  median  line  from  both  sides  be- 
hind the  central  tubular  gray  matter  of  the  region,  so  as  finally  to  come 
into  apposition  with  each  other,  leaving  only  the  posterior  fissure  between 
them  (tig.  281   Gr). 

2.  It  is  manifestly  impossible  that  the  most  jyosterior  of  all  the  fibrae  arcii- 
atse  should  be  in  connection  with  the  olivary  body  of  the  same  side  with 
the  posterior  column  of  which  they  finally  make  a  part,  because,  during  their 
entire  course  from  the  raphe  to  the  latter,  they  lie  behind  the  olivary  nu- 
cleus. Tliere  are  however  reasons  for  thinking  that  these  same  hindermost 
fibrsB  arcuatie  have  already  traversed  the  other  olive,  before  i*eaching  the 
raphe.  It  is  found  in  fact  that  they  do  not  run  directly  across  the  median 
line  in  passing  from  one  side  of  the  oblongata  to  the  posterior  column  of 
the  other  side.  On  the  contrary,  their  course  is  long  and  is  directed  from 
before  backwards,  or,  to  be  more  explicit,  they  run  along  the  raphe  in  the 
form  of  fibne  rectae  during  one  part  of  their  course,  while  during  another 
part,  t.  c,  before  they  have  left  the  anterior  column  to  cross  the  median 
line,  they  run  in  straight  lines  in  a  direction  from  forwards  and  outwards, 
backwards  and  inwards  toward  the  raphe,  thereby  travei'sing  in  all  proba- 
bility, the  region  of  the  olivary  body.  It  is  especially  this  set  of  the  fibrse 
arcuatte  that  enter  into  connection  with  the  large,  irregularly  grouped  colls 
of  the  motor  district  of  the  oblongata.  It  is  probable  then  that  Ute  most 
posterior  of  ths  fibrce  arcuatre  that  spring  from  the  corpus  trapezoides  of 
either  side,  traverse  the  substance  of  the  olivary  body  of  Hie  same  side,  but 
pa^s  behind  the  ojyposite  olivary  body  after  crossing  the  raphe,  and,  having 
entered  into  connection  with  the  large,  scattered  cells,  they  join  the  posterior 
column,  their  final  destination. 

Having  reached  their  resjiective  posterior  columns,  the  collective  groups  of 
fibres  whose  course  we  have  been  considering  lose  themselves  in  collections 
of  nerve-cells,  within  which  they  become  organized  anew  into  a  sort  of  net- 
work which  gives  a  peculiar  flame-like  appearance  to  section-preparations, 
and  separate,  below  the  floor  of  the  ventricle,  into  two  groups  that  are  fused 
together  anteriorly,  known  as  the  nuclear  masses  of  the  funiculi  gracilis  el 
cuneatus  respectively  (fig.  28 1  On,  Gr).  The  component  elements  of  these 
nuclei  are  for  the  most  part  of  small  size  (24  ft  by  6-9  ft),  only  a  small  but 
easily  distinguishable  semi-cii-cular  group,  consisting  of  the  outermost  hin- 
det-niost  cells  of  the  fasciculus  cuneatus,  being  made  up  of  larger  elements 
(30-36  ft  by  15  ft). 
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The  Tarious  paths  followed  by  the  fibrsB  transversae  from  the  pedunculu  cerebelli, 
as  described  above,  serve  moreover  to  place  these  fibres  in  connection  with  the  fasci- 
culi of  the  projection-system  composing  the  continuation  of  the  tegmentum  cruris 
cerebri.  The  two  systems  of  fibres  seem  by  no  means  merely  to  lie  side  by  side  with- 
out farther  connection,  but  to  be  actually  united  with  each  other  by  means  of  the 
above-mentioned  dusters  of  snvill  cdU^  by  means  of  the  dicary  bodies^  and  perhaps  even 
by  means  of  the  large  sen  tiered  ceUa, 

The  real  significance  of  the  relation  which  the  systems  of  fibras  arcuatae  that  lie 
above  and  in  the  region  of  the  superior  olivary  body  bear  to  the  spinal  tracts  of  the 
teigmentum  is  at  present  scarcely  to  be  conjectured,  perhaps  because  our  knowledge 
of  the  morphological  conditions  of  the  case  is  still  too  imperfect.  Even  were  it  true 
however,  as  seems  possible,  that  both  these  tracts  terminate  in  the  cerebellum,  this 
fact  would  give  us  no  help  in  deciding  whether  they  serve  to  conduct  in  general  in  a 
centripetal  or  a  centrifugal  direction. 

On  the  other  hand,  the  fibroR  tranaversce  of  the  oblongata  which  pass  over  into  the 
posterior  columns  constitute  manifestly  a  centripetal  tract,  and  in  virtue  of  their 
connection  with  the  cell -clusters  (nuclear  masses  of  the  lateral  columns)  that  lie  on  the 
other  aide  of  the  oblongata  from  the  respective  posterior  columns  of  which  they 
make  a  part,  and  thereby  with  certain  of  the  spinal  fasciculi  of  the  tegmentum  of  that 
aide,  they  establish  a  mechanism  for  the  production  of  reflex  action,  such  as  exists  in 
the  ganglia  of  origin  of  the  tegmentum  and  again  in  the  course  of  the  cms  cerebri, 
where  the  motor  fibres  of  the  latter  are  connected  with  the  oth  cerebral  nerve,  as 
described  above. 

It  is  not  leas  probable  that  certain  fasciculi  of  the  projection-system  that  are  known 
to  pass  from  the  cms  cerebri  into  the  olivary  bodies  are,  through  the  agency  of  the 
nerve-cells  of  the  latter,  brought  into  connection  with  the  spinal  cord,  or,  by  as  yet 
undiscovered  paths,  into  connection  with  the  nuclei  of  origin  of  the  motor  cerebral 
nerves.  Ihitent,  to  be  sure,  regarded  the  longitudinal  crural  fibres  that  stand  in  con- 
nection with  the  olivary  bodies  as  serving  to  prolong  the  posterior  columns  of  the 
cord  into  the  cerebral  lobes.  Such  an  assumption  however  is  by  no  means  justifiable 
from  a  morphological  point  of  view,  since,  as  we  have  seen,  those  fibres  that  pass 
from  the  tegmentum  into  the  olivary  bodies  proceed  from  tracts  (the  stratum  lemnisci 
and  the  motor  district  of  the  tegmentum)  that  are  the  continuation  of  the  antero- 
lateral columns  of  the  spinal  cord.  The  belief  that  the  centrifugal  and  the  centri- 
petal nerve-tracts  in  the  projection-system  remain  distinct  from  each  other  would 
have  to  be  abandoned  altogether,  if  Deiters^  view  of  the  relation  which  the  inferior 
olivary  body  bears  to  the  projection-system  should  be  accepted,  which  certainly  should 
not  be  done  without  stronger  restsons  therefor  than  have  as  yet  been  afforded. 

Of  the  possible  significance  of  the  large,  scattered  cells,  more  will  be  said  later. 

Mode  of  Obigin  op   the  Cerebral   Nerves  prom   the  Fifth    to  the 

Twelfth. 

Within  the  region  occupied  by  Wi^ passage  of  the  collective  process^is  cerebdli 
through  the  projection-system  of  the  crvs  cerebri,  the  latter  loses  that  group 
of  nerve-fibres  which  represent  the  muscles  and  the  sensitive  surface  of  the 
head,  inasmuch  as  they  reach  their  point  of  termination  in  the  central 
tubular  gray  matter  at  tliis  level.  The  cell -masses  in  which  these  fibres,  the 
2d  member  of  the  projection-system,  thus  terminate,  serve  also  to  give  origin 
to  the  corresponding  part  of  the  3d  member  of  the  projection-system,  i,  e.,  to 
the  respective  cerebral  nerves  themselves,  at  the  same  time  increasing  the 
number  of  the  component  fibres  of  the  nerve-ti-act,  all  of  which  has  already 
been  explained  in  speaking  of  the  common  nucleus  of  the  oculo-njotorius  and 
the  trochlearis. 

That  system  of  nerve  fibres  that  represents  the  cerebral  nerves  in  the  crus 
cerebri,  like  that  which  is  destined  to  form  a  part  of  the  spinal  cord,  con- 
sists of  two  sets,  one  of  which  runs  in  the  anterior,  the  other  in  the  poste- 
rior division  of  the  crus,  the  one  standing  in  a  certain  relation  to  consciousness, 
the  otiier  forming  a  part  of  certain  reflex  mechanisms. 

The  exact  position  occupied  by  the  fasciculi  that  represent  the  cerebral 
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nerves  in  the  cms  cerebri  cannot  at  the  present  day  be  defined  in  the  mosaic- 
work  of  the  cross-section  preparations,  and  the  only  point  of  the  truth  of 
which  it  is  possible  to  satisfy  oue^s  self,  is  that  inasmuch  as  it  is  certain  that 
the  collective  fibres  of  the  basis  cruris  of  one  side  decussate  with  those  of  the 
opposite  side,  and  that  this  decussation  must  take  place  in  this  r^on 
between  the  fibrse  rectas  and  the  raphe,  the  position  of  the  fasciculi  in  ques- 
tion before  their  entrance  into  the  raphe  must  be  in  the  innermost  i*egion  of 
the  anterior  division  of  the  pons,  t.  e.,  the  anterior  longitudinal  fasciculi  of 
the  basis  cruris,  and  in  the  corresponding  part  of  the  anterior  pyittmids,  and 
indeed  that  such  is  probably  their  position  from  the  period  of  their  first 
association  with  the  cms  cerebri  (v.  p.  686,  ansa  pedunculaiis). 

On  the  other  hand,  inasmuch  as  the  fibres  concerned  in  the  production  of 
reflex  action  cannot  be  supposed  to  undergo  decussation  invariably,  we  are 
deprived,  in  the  localization  of  the  fasciculi  associated  with  the  cerebral 
nerves  in  the  midst  of  the  posterior  division  of  the  pons  and  oblongata,  even 
of  the  assistance  which  the  certainty  of  the  occurrence  of  this  process  previ- 
ously aiTorded  us,  and  the  assumption  of  Schroeder  v.  d.  Kolk,  that  such  fas- 
ciculi occupy  the  district  lying  l)etween  the  raphe  and  the  hypoglossal  nerve, 
cannot  be  proved  to  be  true  by  following  up  the  course  of  the  tracts  involved, 
though  it  finds  some  support  in  the  undeniable  fact  that  the  dimensions  of 
this  district  gradually  become  smaller,  farther  down.  Better,  however, 
than  the  course  of  these  crural  fasciculi  toward  the  points  where  they  termi- 
nate in  the  central  tubular  gray  matter,  can  we  determine  these  points  of 
termination  themselves,  for  they  are  characterized  by  being  at  the  same  time 
the  points  of  origin  of  the  cerebral  nerves. 

A  large  number  of  these  so-called  nuclei  of  the  nerves  (for  the  description 
of  whose  relation  to  the  special  nerve-roots  we  are  indebted  to  Stilling)  lie 
in  the  gray  matter  which  forms  the  floor  of  the  4th  ventricle,  and  indeed  the 
prominences  on  the  surface  to  which  these  nuclei  give  rise  and  the  conse- 
quent furrows  between  them  divide  this  floor  into  well-defined  districts. 
Receiving  its  rhomboid  form  from  the  convergence  of  the  processus  cereheUi 
ad  cerebrum  above  and  the  convergence  of  the  funiculi  gracHes  below,  the 
4th  ventricle  is  divided  by  the  median  furrow  of  the  calamus  into  two 
symmetrical  lateral  halves,  and  by  the  strife  medullares  (or,  when  they  are 
wanting,  by  an  imaginary  line  uniting  the  two  nervi  acustici)  into  an  upj>er 
and  a  lower  half. 

At  the  upper  extremity  of  the  floor  of  the  4th  ventricle,  exterior  to  the 
eminentiss  teretes  (formations  which  were  present  even  in  the  region  of  the 
aqueductiis),  is  a  depression,  the  fossa  ctervlea^  which  forms  the  extremity 
of  a  sharp  angle  between  the  surface  of  the  floor  and  its  lateral  wall,  the 
epithelial  investment  of  wliich  depression  gives  a  bluish  tint  to  the  dark- 
colored  cells  of  the  substantia  ferruginea  which  lie  beneath  (figs.  273  and 
275  Fy  5),  in  accordance  with  the  laws  that  regulate  refraction  in  slightly 
opaque  media.  About  6  mm.  superiorly  to  the  stiiie  medullares,  i.  «.,  in  the 
region  where  the  inner  surface  of  the  processus  cerebelli  ad  cerebrum  is 
traversed  by  fasciculi  belonging  to  the  inner  division  of  the  pedunculus  cere- 
belli (fig.  278  i/'),  lies  the  upper  end  of  a  district  of  the  gray  floor,  the 
inner  muchus  of  the  auditory  nerve  (  Clarke)^  which  has  a  rhomboid  form, 
being  limited  inwardly  by  a  furrow  bent  in  an  obtuse  angle.  It  may  be 
seen  in  cross-section  at  fig.  277  at  8.  Stilling  recognized  the  true  charac- 
ter of  the  upper  and  larger  portion  of  this  district,  triangular  in  shape,  while 
he  mistook  its  lower  portion,  which  lies  in  the  domains  of  the  infeiior  half 
of  the  ventricle,  for  a  muHeus  of  the  glosso-pharyngeal  nerve.  The  broadest 
part  of  this  rhomboid  district,  which  occurs  at  the  middle  of  its  length,  cor- 
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responds  to  the  position  of  the  striae  meduUares  of  the  auditory  nerve.  To 
the  inner  side  of  the  imclens  of  the  auditorius,  above  the  region  of  the  stri«, 
the  motor  cohimn  of  the  gray  substance  is  represented  by  an  oval-shaped 
elevation,  the  common  nucleus  of  the  nervi  facialis  et  abdttcens  (Stilling^ 
Clarke)  i^g.  277  near  6!^). 

The  sulcus  that  lies  between  the  upper  half  of  the  rhomb-shaped  auditory 
nucleus  and  the  last-mentioned  oval  elevation  is  not  seldom  made  still  more 
conspicuous  by  the  occurrence  of  a  number  of  ascending  strife  medulla/res 
(J.  Engels),  which  ran  parallel  to  the  course  of  the  sulcus,  from  the  inner 
extremity  of  the  striae  medullares  transversae  upwards  and  outwards.  They 
are  in  reality  the  prolmigation  of  certain  roets  of  the  auditory  nerve  that 
form  a  part  of  the  pedunculus  cerebelli  of  the  opposite  side,  or  in  other 
words  they  constitute  the  superficial  fasciculi  of  origin  of  the  auditory  nerve 
from  the  opposite  hemisphere  of  the  cerebdlvm.  Very  often  only  the  inner- 
most fasciculus  of  the  ascending  stria:  meduUares  is  visible,  and  it  might 
with  great  propriety  receive  again  the  designation  chosen  for  it  by  JBerg- 
manUy  of  conductor  sonorusy  now  tliat  it  is  no  longer  regarded  as  an  incon- 
stant posterior  root  of  the  6th  pair,  as  Stilling  considered  it.  That  the 
striae  medullares  are  not  seen  in  animals,  does  not  signify  that  the  fibres 
which  compose  them  are  really  wanting,  but  only  that  they  I'emain  as 
naked  axis-cylindei*8,  t.  e.,  without  medullary  sheaths,  and  therefore  invisible. 
Whether  their  medullary  sheaths  become  developed  or  not,  depends  upon 
the  degree  of  development  of  the  respective  brains  themselves,  which  ex- 
plains the  fjftct  that  they  are  wanting  in  the  brains  of  new-bom  Children,  and 
especially  constant,  on  the  contrary,  in  those  of  Adults,  as  J.  Engels  has 
stated.  It  is  for  the  same  reason  that  the  basis  cruris  cerebri  of  new-bom 
Children  appears  gi-ay  instead  of  white.  A  closer  study  of  this  matter  of 
the  development  of  the  white  medullary  nerve-sheaths  of  the  Infant,  appear- 
ing as  they  do  at  different  periods  in  the  different  regions  of  the  encephalon, 
would  be  attended  with  important  results. 

In  the  inferior  half  of  the  4th  ventricle,  on  each  side,  wedged  in  between 
the  median  elevation  which  is  principally  caused  by  the  mbdeus  of  the 
hypoglossus,  a  motor  nerve,  and  that  caused  by  Clarke's  inner  nucleus  of 
the  auditorius,  lies  the  common  nucleus  of  the  vagus  and  accessorius  (StiU- 
ing,  Clarke),  the  nucleus  of  origin  of  a  system  of  the  so-called  median, 
lateral  system  of  mixed  nerves  (Deiters).  Inasmuch  as  this  nucleus  sinks 
inwards  below  the  surface  at  the  upper  end  of  the  calamus  scriptorius,  be- 
tween the  nucleus  of  the  auditory  nerve  and  Stilling's  nucleus  of  the  hypo- 
glossus  (fig.  280  -X*,  between  the  lateral  and  median  elevations),  it  appears 
externally  in  the  form  of  a  triangle  with  one  of  its  points  directed  upwards, 
and  conversely  the  district  occupied  by  the  nucleus  of  the  hypoglossus  ap- 
pears also  in  the  form  of  a  triangle,  but  with  its  point  downwards,  because 
this  latter  nucleus  becomes  gi-adually  concealed  by  that  of  the  vagus  and 
accessorius,  which  is  at  first  behind  the  former,  but  which  becomes  constantly 
more  prominent,  at  the  same  time  approaching  the  median  line  (figs.  280 
and  281).  The  changes  in  the  conformation  of  these  parts  are  the  cause  of 
the  gradual  deepening  of  the  ventricle,  and  the  formation  of  the  central 
canal.  The  nucleus  of  the  vagus  appears  on  the  surface  as  a  bare  mass  of 
gray  substance,  Arnold's  cda  dnerea,  covered  by  its  e)>endyma  alone.  The 
nucleus  of  the  hypoglossus,  on  the  contrary,  does  not  lie  exposed  upon  the 
surface,  but  is  covered  over  by  bundles  of  meduUated  fibres  (fig.  280,  JT*), 
by  virtue  of  whose  white  color  it  is  easily  to  be  distinguished  from  the  ala 
cinerea,  and  which  are  in  fact  fibres  belonging  to  the  roots  of  the  vagus 
and  accessorius  nerves.     The  nucleus  of  the  hypoglossus  is  moreover  still 
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further  covered  by  the  mass  of  gray  substance  ( Clurke'a  eminentia  tei'es) 
from  which  these  last-mentioned  fibres  spring,  so  that,  strictly  speaking,  the 
median  elevation  of  the  ventricle  should  not  be  designated  as  the  nucleus 
of  the  hypoglossus,  as  Stilling  describes  it,  but  rather  as  marking  the  region. 
of  that  nucleus.  The  common  nuclei  of  the  vagus  and  accessorius  of  the 
two  sides  are  connected  together  inferiorly  by  the  commissure  of  the  obex 
(Clarke,  Deiters)  (fig.  281,  06.),  the  whole  having  a  horseshoe-like  form. 
Tlie  bundles  of  fibres  from  this  commissure  give  especial  prominence  to 
the  outer  borders  of  the  inferior  halves  of  these  nuclei,  and  the  commissure 
itself  sometimes  (in  the  lower  animals  more  constantly  than  in  Man)  lies 
within  the  limits  of  the  open  ventricle. 

The  obex  is  concentric  with  the  t(tnioUp  which  proceed  from  the  substance  of  the 
funiculus  gracilis,  and  which  fonn  the  line  of  attachment  of  the  embryonic  roof  of 
the  4th  ventricle.  The  Bubsequent  cover  of  the  ventricle,  attached  along  this  line, 
and  embracing  the  nucleus  of  the  auditorius,  divides  from  the  rest  of  the  ventricle 
two  lateral  diverticula,  which,  according  to  lieichert,  are  analogous  to  the  lateral  ven- 
tricles of  the  cerebrum. 

In  the  4th  ventricle  of  the  other  Mammals  (apart  from  the  Apes),  the  regions  of 
origin  of  the  facial  and  hypoglossal  nerves  are  much  more  easily  recognizable  as  the 
representatives  of  the  median  motor  column  of  Lenhossek  than  in  Man,  for  the  reason 
that  in  the  lower  animals  the  striae  medullares  are  wanting,  and  the  nuclei  of  the 
auditory  nerve  further  removed  from  the  median  line.  The  point  of  the  calamus  scrip- 
torius  is  also  wanting  to  the  flattened,  shallow  4th  ventricle  of  the  same  animals,  for 
while  the  ala  cinerea  is  very  slightly  developed,  the  lower  extremity  of  the  nucleus 
hypoglossi  remains  quite  broad,  and  is  bordered  below  by  the  transversely-dispoaed, 
arched  fibres  of  the  obex. 

The  posterior  division  of  the  pons  encloses,  below  the  level  of  its  greatest 
convexity,  L  c,  below  the  level  that  is  marked  posteriorly  by  the  comple- 
tion of  the  disengagement  of  the  processus  cerebelli  ad  cerebrum  from 
the  lemniscus  by  which  it  had  been  covered,  and  anteriorly  by  the  emer- 
gence of  the  5th  cerebral  nerve  from  among  the  fibraj  transversaj  of  the 
pons,  the  nuclei  of  origin  of  the  5th,  6th,  7th,  and  8th  *  pairs  of  cerebral 
nerves  which  follow  successively  one  upon  the  other. 

The  uppermost  of  these  nuclei,  the  nucleus  superior  nervi  trigemini  of 
Stilllny^  gives  rise  to  the  smaller  main  root  of  the  5th  pair.  This  nucleus 
lies  in  the  lateral  region  of  the  motor  district  of  the  posterior  division  of  the 
pons,  in  front  of  the  ascending  roots  of  the  sensory  division  of  the  5th  nerve, 
to  the  inner  side  of  the  main  root  of  that  nerve  at  the  level  of  its  exit,  and 
behind  the  stratum  lemnisci,  and  exhibits  on  cross-section  preparations  aa 
oblong  surface  displaying  large  (60r75  fi  by  18-21  /x),  well-defined,  multi- 
polar nerve-cells  (fig.  275  right-hand  side,  fig.  276  left-hand  side,  5m).  Tliis 
nucleus  is  3  mm.  in  height,  its  transverse  diameter  is  1.5  mm.,  its  antero- 
lateral diameter  somewhat  more  than  1.5  mm.  Its  inferior  extremity  con- 
sists of  a  rounded  mass  only  0.8  mm.  in  thickness,  wliich  is  separated  from 
the  main  body  by  a  slight  interval. 

This  nucleus  stands  in  connection,  to  all  appearance,  solely  with  the  fibres 
of  the  inner,  smaller  root  of  the  5th  pair,  which  are  directed  obliquely  for- 
wards and  upwards,  and  which  therefore  appear  on  surfaces  obtained  by  cross- 
sections  as  short,  obliquely -directed  longitudinal  lines,  between  which  the  long 
processes  of  the  nerve-cells  are  often  to  be  followed  for  some  little  distance. 

As  to  the  question  of  the  connection  between  the  nucleus  under  con- 
sideration and  the  basis  cruris  cerebri,  it  can  only  be  said  in  a  general  way, 
that  in  this  region  great  numbers  of  fibres  pass  as  fibrae  rectaa  of  the  raphe, 

*  The  nuclei  are  numbered  according  to  the  method  of  Soemmering. — Trans, 
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from  the  anterior  into  the  posterior  division  of  tlie  pons,  and,  moreover,  that 
they  enter  into  connection  within  the  raphe,  with  elongated,  irregularly-dis- 
posed nerve-cells,  which  ai-e  of  the  same  size  with  the  cells  of  the  nucleus 
itself,  and  must  in  fact  be  regarded  as  essentially  a  part  of  the  latter.  A 
similar  disposition  of  the  nerve-cells  occurs  in  the  region  of  origin  of  the 
hypoglossal  nerve.  In  order  to  reach  the  nucleus  of  the  motor  root  of  the 
5th  nerve,  these  fibra?  rect®  must  pass  into  fibrse  arcuat«e,  of  which  they 
must  necessaiily  form  the  posterior  division.  The  tendency  shown  by  many 
of  the  iibrsB  arcuatae  to  turn  their  inner  extremities  forwards,  speaks  in  favor 
of  the  correctness  of  this  supposition. 

Fig.  276. 


Fig.  a76.  Transparent  eroM-section  fi'mn  the  Human  pons  Varolii  at  the  Irrd  of  t?u 
criffin  of  the  ffreater  root  of  the  fifth  pair.  7^ he  plane  represented  in  the  right  half  of 
the  section  lies  somewhat  lower,  than  that  reprejtented  in  the  left  half.  Ay  the 
processua  cerebelli  ad  cerebrum;  Z,  the  posterior  longitudinal  fasciculus,  lying 
just  beneath  the  gray  floor  of  the  4th  ventricle,  in  the  left  half  of  the  section  capped 
by  fibres  from  the  raphe  on  their  way  to  join  the  5th  nerve ;  7,  group  of  fibres  be- 
longing to  the  root  of  the  facial  nerve,  lying  behind  the  posterior  longitudinal  fascicu- 
lus, in  connection,  to  the  inner  side,  with  fibrsB  rectse  of  the  raphe,  and  in  close 
apposition  to  certain  descending  fibres  of  the  root  of  the  5th  nerve ;  B,  the  processus 
cerebelli  ad  pontem ;  FM^  the  motor  district  of  the  posterior  division  of  the  pons ;  ar^ 
fibrae  arcuatae ;  iJ,  the  raphe ;  8,  the  region  occupied  by  the  fibres  of  the  inferior 
lamina  of  the  lemniscus  after  they  have  turned  and  taken  a  downward  course  (pes 
lemnisci) ;  g^  the  gelatinous  substance  from  which  the  5th  nerve  in  part  arises ;  5«, 
the  greater  main  root  of  the  5th  nerve ;  56,  inner  portion  of  the  descending  roots  of 
the  5th  nerve ;  5rf,  roots  of  the  5th  nerve  from,  the  cerebellum  ;  5m,  nucleus  of  origin 
of  the  smaller  main  root  of  the  5th  nerve ;  Q,  cross-section  of  the  ascending  root  of 
the  5th  nerve,  close  to  the  outer  side  of  which  lie  bundles  of  fibres  belonging  to  the 
main  root  of  the  same  nerve,  on  the  way  to  the  point  of  their  emergence ;  0, 
neighborhood  of  the  superior  olivary  body. 

Nothing  more  definite,  certainly,  than  the  above  can  be  said  in  explana- 
tion of  the  course  of  the  nerve  tracts,  by  means  of  which  the  superior 
nucleus  of  the  5th  nerve  is  brought  under  reflex  influences.  Clarke  was  the 
first  to  call  attention  to  a  connection  of  this  nature  between  this,  the  motor 
nucleus,  and  the  sensory  nucleus  of  the  6th  nerve,  and  one  is  certainly 
tempted  to  recognize  in  the  relative  position  of  these  parts  the  essential 
features  of  the  structure  of  the  spinal  cord,  the  nucleus  of  origin  of  the 
greater  sensory  root  of  the  nerve  in  question  being  the  representative  of 
the  caput  comu  superioris,  while  the  supeiior  nucleus  niight  stand  for  the 
anterior  comu,  or  rather  for  its  processus  lateralis. 
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In  truth,  however,  Clarke  did  not  discover  any  such  connection. 

The  region  he  describes  as  being  its  seat  does  not  extend  so  high  as  to 
include  the  genuine  nucleus  of  the  motor  root  of  the  6th  nerve,  and  that 
nucleus  which  he  described  as  standing  thus  in  connection  with  the  gelatin- 
ous substance  is  not  a  nucleus  of  the  5th  nerve,  but  is  the  inferior  nucleus 
of  the  facial  nerve.  The  lower  extremity  of  the  real  nucleus  of  the  motor 
root  of  the  5th  nerve,  which  I  have  found  to  be  a  small,  distinct  group  of 
cells,  often  lying  some  little  distance  behind  the  inferior  nucleus  of  the  faci- 
alis, he  does  not  describe  as  taking  part  in  this  connection.  On  the  other 
hand,  it  is  very  possible  that  a  reflex  mechanism  of  this  kind  is  established 
by  the  aid  of  nerve-tracts  that  originate  in  others  of  the  manifold  nuclei  of 
origin  of  the  5th  pair.  The  task  of  referring  this  nerve  to  its  proper  place 
in  the  structural  type  of  the  spinal  cord,  and  of  discovering  the  analogy  be- 
tween its  mode  of  origin  and  that  of  the  posterior  spinal  nerves,  has  not  yet 
been  performed  with  the  accuracy  that  the  importance  of  the  subject  de- 
mands. 

The  history  of  trismus  certainly  shows  us  that  the  connections  of  the 
nucleus  of  the  motor  root  of  the  5th  nerve  embrace  the  sensory  tracts  of  the 
spinal  cord,  and  it  is  therefore  highly  probable  that  a  certain  portion  of  the 
fibrse  arcuatss  of  the  region  under  consideration,  although  they  cannot  be 
seen  to  join  tracts  that  run  downwards  into  the  cord,  will  nevertheless  be 
finally  discovered  to  be  in  connection  with  its  posterior  columns.  It  is  pos- 
sible that  the  large,  irregularly-disposed  nerve-cells  of  the  motor  district  of 
the  oblongata,  which  at  the  region  in  question  are  somewhat  more  numerous 
than  at  a  higher  level,  are  to  be  regarded  as  outlying  elements  of  the  su- 
perior nucleus  of  the  5th  nerve,  and  as  serving  to  place  the  latter  in  con- 
nection with  the  posterior  columns,  by  way  of  the  fibr®  arcuatsB. 

The  complicated  mode  of  origin  of  the  external  greater  sensory  root  of 
the  5th  nerve  will  be  made  most  easy  of  comprehension  if  the  primary 
roots,  by  whose  confluence  the  main  root  is  formed,  be  studied,  in  respect 
to  the  manner  of  their  origin,  under  four  headings : — 

1.  Roots  of  the  bih  nerve  which  Iiave  their  origin  in  collections  of  cells 
that  lie  within,  or  not  far  from  the  region  occupied  by  the  main  root  of  the 
nerve. — The  collection  of  cells  that  gives  origin  to  these  tracts,  which  are 
of  considerable  dimensions,  appears  in  longitudinal  sections  to  the  outer 
side  of,  and  closely  apposed  to,  the  nucleus  of  the  motor  part  of  the  5tli 
nerve,  having  itself  a  semi-lunar  form.  In  the  Human  brain  it  has  a  height 
of  4.4  mm.,  and  measures  1.2  mm.  in  its  transverse,  2.8  mm.  in  its  antero- 
posterior diameter.  It  is  made  up  of  small  clusters  of  cells  which  are  sep- 
ai*ated  from  one  another  by  the  delicate  bundles  of  fibres  that  originate  in 
the  nerve-cells  (fig.  276  ^,  5a)  and  weave  themselves  into  a  network  around 
them.  The  basement  material  of  these  clusters  is  finely-granular  connect- 
ive substance ;  their  nerve-cells  are  for  the  most  part  10-24  fx  in  length,  and 
6-9  in  thickness.  Stilling  very  properly  regards  the  whole  formation  as  a 
prolongation  of  the  gelatinous  formation,  which  extends  downwards  with- 
out interruption,  still  enclosed  in  the  ascending  root  of  the  5th  nerve,  to  the 
caput  comu  posterioris  of  the  cord. 

Certain  of  the  innermost  clusters  of  this  nuclear  mass,  which  lie  more  in 
the  neighborhood  of  the  nucleus  of  the  motor  root  of  the  5th  nerve,  contain 
elements  of  a  larger  size,  39  /ut,  in  length  by  12  fi  in  thickness,  so  that  in 
passing  from  the  motor  nucleus  to  the  outermost  clusters  of  the  mass  which 
has  just  been  under  consideration,  we  find  nerve-ceils  of  the  three  sizes  that 
characterize  the  elements  of  the  cornu  anterius,  the  collis,  and  the  caput 
comu  posterioris,  respectively. 
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2.  Hoots  of  the  bth  nerve  that  have  their  origin  above  the  plane  of  the  main 
rooty  i,  e,y  descending  roots, — The  descending  roots  of  the  5th  nerve  are  of 
three  orders : — 

The  outer  of  them  (figs.  272  F,  273,  274,  6,  275  and  276,  5c)  springs 
from  large  bladder-shaped  cells,  which  extend  from  the  region  of  the  supe- 
rior coi-p.  bigeminum  to  the  region  of  exit  of  the  5th  nerve  itself,  and  which 
give  rise  also,  as  was  described  above,  to  the  fibres  that  traverse  the  teg- 
mentum cruris  cerebri  as  the  connecting  tract  of  the  5th  nerve  (p.  708). 
This  root  descends  along  the  outer  side  of  the  central,  tubular  gray  matter 
of  the  aqueductus,  and  passes  onwaixi  through  the  region  of  the  pons,  in  the 
mean  time  constantly  increasing  in  bulk,  and  buried  in  the  lateral  region  of 
the  gray  floor  of  the  ventricle  that  lies  along  the  inner  surface  of  the  pro- 
cessus cerebelli  ad  cerebiiim.  It  presents  on  cross-sections  a  semi-lunar  sur- 
face, which  Stilling  and  Deiters  took  for  an  ascending  trochlearis-root,  and 
along  its  inner  border  lie,  through  a  large  part  of  its  course,  the  clusters  of 
cells  from  which  the  fibres  of  the  root  spring,  so  disposed  as  to  remind  one 
of  grape-clusters.  These  cells  are  distinguished  from  those  of  the  substan- 
tia ferruginea  by  the  roundness  of  their  form,  and  by  their  containing  no 
pigment  (p.  705). 

7^ he  fibres  of  tfie  middle  division  of  the  descending  roots  of  the  bth  nerve 
spring  from  the  cells  of  the  substantia  ferruginea. 

Tlujs  elongated  collection  of  pigmented,  spindle-shaped  nerve-cells  (60  /ut, 
in  length  by  20-30  /w,  in  thickness),  which  give  its  dark  color  to  the  locus 
cceruleus  of  the  4th  ventricle,  lies  with  its  superior  extremity  in  the  lower 
half  of  the  inferior  corp.  bigeminum,  extends  downwards  for  a  distance  of 
more  than  a  centimeti'e  to  just  above  the  region  occupied  by  the  main  root 
of  the  motor  part  of  the  5th  nerve,  lying  all  the  time  to  the  inner  side  of 
the  outer  of  the  descending  roots  (tigs.  273,  274,  5,  275,  F),  Scattered 
cells  belonging  to  this  formation  extend,  however,  into  the  lateral  regions  of 
the  posterior  division  of  the  pons,  appearing  as  large,  deeply-pigmented  ele- 
ments, which  lie  with  their  long  axes  perpendicular  to  the  gray  floor  of  the 
ventricle,  and  standing  in  connection  with  nerve- fibres  disposed  in  the  same 
manner.  These  cells  perhaps  send  connecting  fibres  to  that  division  also  of 
the  descending  roots  which  is  next  to  be  described.  Similar  dark-colored 
cells  lie  scattered  in  the  roof  of  the  4th  ventricle,  to  the  inner  side  of  the 
processus  cerebelli  ad  cerebrum  (substantia  ferruginea  superior).  In  the 
brain  of  Children  and  in  that  of  the  lower  Mammals  these  cells,  as  well  as 
those  of  the  substantia  nigra  of  Soemmering,  are  void  of  pigment,  which, 
indeed,  is  always  wanting  to  many  of  the  individual  elements  of  the  forma- 
tion in  question. 

The  fibres  to  which  the  substantia  ferruginea  gives  rise  form  a  layer,  0.8 
mm.  in  thickness,  beneath  the  floor  of  the  ventricle,  run  obliquely  in- 
wards, passing  over  the  surface  of  or  traversing  the  posterior  longitudinal 
fasciculus,  partly  directly,  partly  obliquely,  after  interweaving  themselves 
among  its  fibres,  and  finally  run  across  the  median  line,  thereby  decussating, 
either  in  the  region  between  the  two  post,  longit.  fascic.  or  anteriorly  to 
them,  with  the  corresponding  fibres  of  the  other  side,  at  acute  angles,  after 
the  manner  of  commissural  fibres.  During  the  decussation  they  describe 
curves  yrith  their  convexities  upwards.  Having  crossed  the  median  line, 
these  fibres  direct  their  course  outwards,  passing  partly  through,  partly  in 
front  of,  the  other  posterior  longitud.  fascic,  and  finally  bend  forwards  to 
join  the  current  of  fibres  that  make  up  the  greater  root  of  the  5th  nerve, 
as  the  nuddle  division  of  the  chain  of  fasciculi  tha^  form  a  border  for  the 
floor  of  the  ventricle  (figs.  275,  276,  56). 
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The  posterior  longitudinal  tasciculus  which  is  thus  traversed  by  these 
systems  of  fibres,  and  still  more  the  region  which  lies  just  in  front  of  it,  is 
very  rich  in  nerve-cells  that  extend  as  far  as  the  border  of  the  posterior 
division  of  the  pons.  A  few  of  these  cells  are  of  large  siae ;  the  greater 
number  are  quite  small.  The  middle  division  of  the  descending  6th  nerve- 
roots  seem  to  me  to  stand  in  connection  with  the  larger  cells. 

lite  inner  division  of  the  descending  roots  of  tfie  bth  nerve  is  in  all  pro- 
bability derived  from  the  longitudinal  fasciculi  of  the  anterior  division  of 
the  pons  (the  pes  cruiis  cerebri),  being  composed  of  fibres  which  pass  thence, 
under  the  form  of  fibres  rect»  of  the  raphe,  into  the  posterior  division  of 
the  pons.  After  decussating  at  acute  angles  with  those  of  the  other  side, 
these  fibres  turn  outwards  and  pass  on,  some  in  front  of  the  post,  longitud. 
^ascic,  some  through,  and  some  behind  the  same,  to  join  the  5th  nerve  as 
the  innermost  division  of  the  fibres  that  border  on  the  floor  of  the  ventri- 
cle, taking  a  position  between  the  post,  longitud.  fascic.  and  the  middle  di- 
vision of  the  descending  roots  of  the  nerve  (fig.  275,  right-hand  side  X,  fig. 
27G,  left- hand  side  liL),  The  fibres  of  the  middle  division  of  the  descend- 
ing roots,  which  run  transversely  across  the  raphe,  and  those  of  the  inner 
division,  that  run  longitudinally  along  the  raphe,  do  not  become  interwoven 
with  each  other,  but  to  all  appearance  the  first-mentioned  set  arch  over  the 
last-mentioned.  The  fibres  of  the  inner  division  of  the  descending  roots 
enter  into  connection  with  the  collections  of  small  nerve-cells  that  lie 
before  and  behind  the  posterior  longitud.  fascic. 

StUUng  referred  the  origin  of  the  two  last-mentioned  divifiions  of  the  roots  of  the 
5th  nerve  nimply  to  the  gray  Bubstonce  forming  the  floor  of  the  ventricle.  I  myself 
had  pre\'iou8ly  considered  them  as  made  up  of  a  group  of  fibres  that  paaa  beneath  the 
thalamus  opticas,  at  a  level  still  higher  than  that  represented  at  fig.  271,  to  attach 
themselves  to  the  outer  side  of  the  posterior  longitudinal  fasciculus,  and  descend  in 
its  company.  Inasmuch  as  these  bundles  of  fibres  run  downwards  between  the  external 
division  of  the  descending  roots  of  the  oth  nerve  and  the  poster,  longitud.  fascic,  the 
very  region  whence  a  group  of  fibres  of  considerable  size  proceeds  to  join  the  greater 
root  of  the  5th  nerve,  I  felt  obliged  to  regard  them  as  a  part  of  this  g^oup.  Having 
traced  out  subsequently,  however,  the  course  of  the  fibres  from  the  substantia  ferm- 
gfinea,  and  having  discovered  how  they  cross  the  median  line,  and  run  along  under  the 
gray  substance  forming  the  floor  of  the  ventricle  on  the  opposite  side,  I  see  that  the 
collection  of  fibres  mentioned,  lying  to  the  outer  side  of  the  poster,  longit.  fascic,  in 
the  latero-posterior  part  of  the  tegmentum,  although  traversed  and  surrounded  by  the 
genuine  descending  root-fibres,  probably  do  not  themselves  become  a  part  of  the  5th 
nerve. 

3.  A  root  of  the  bth  nerve  which  lias  its  origin  below  the  region  occupieii  by 
tlie  niain  root.  Ascending  root.  On  cross-sections  from  the  lower  part  of  the 
pons  and  the  oblongata,  as  far  down  as  to  the  lower  extremity  of  the  latter, 
there  is  to  be  seen,  to  the  outer  side  of  the  region  occupied  by  the  projection- 
system  fibres  of  the  tegmentum,  and  to  the  inner  side  of  the  cerebellar  pro- 
cesses, L  e.y  at  a  point  exactly  corresponding  to  that  occupied  above  by  the 
central  extremity  of  the  main  root  of  the  5th  nerve  (fig.  27G,  6r,  §),  a 
densely  packed  gi'oup  of  transvei*sely  cut  fasciculi,  whose  upper  exti'eniities 
must,  of  coui-se,  lie  at  the  point  of  origin  of  the  root  mentioned  (figs.  277, 
278,  279,  280,  281  aS,  G).  The  surface  exhibited  by  cross-sections  of  this 
group  of  fasciculi  has  the  form  of  a  crescent,  so  disposed  that  its  concavity 
is  dii-ected  backwai-ds,  and  enclosed  within  the  latter  lies  a  quantity  of  gray 
substance  peopled  with  nerve-cells,  for  the  most  part  of  smaU  size,  in  which, 
at  the  lower  extremity  of  the  oblongata,  the  mass  of  fibres  in  question  ter- 
minate after  breaking  up  into  delicate  bundles,  and  around  which  at  the 
same  moment  the  lateral  and  posterior  columns  of  the  spinal  coixi  close  to- 
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gether  and  coalesce.  From  this  point  onward  this  gray  substance  receives 
the  designation  of  the  gelatinous  substance,  or  caput,  of  the  posterior  comu. 
In  the  lower  half  of  the  oblongata  the  bulk  of  this  gelatinous  substance  be- 
comes gi-eatly  increased,  being  inflated  to  the  tuberculum  cinereum  Rolando, 
for  the  reason  that  in  this  region  it  gives  rise  to  the  greater  part  of  the  as- 
cending root  of  the  6th  nerve  (figs.  284,  285  O),  Certain  larger  nerve-cells, 
foreign  to  the  formation  of  the  gelatinous  substance  proper,  in  which,  how- 
ever, they  lie  embedded  at  different  regions  of  the  pons  and  oblongata,  are  in 
my  opinion  to  be  regarded  as  belonging  piinciiially  to  the  fibrw  arcuatee,  and 
in  part  to  the  nerve-roots,  by  which  the  gelatinous  substance  is  traversed. 

4.  Hoots  of  the  bth  nerve  derived  from  the  cerebdlvm, — "Under  this  head 
belong  bundles  of  fibres  that  either  traverse  or  encircle  the  processus  cere- 
belli  ad  cerebrum,  and  that  in  all  probability  become  associated  with  the 
nene  in  question,  an  opinion  already  pronounced  by  i^tiUivg  (figs.  27o,  27(3, 
bd). 

It  is  certainly  satisfactory  to  be  able  to  trace  anatomically  such  a  variety 
of  modes  of  origin  for  a  nerve  that  is  associated  functionally  with  so  many 
different  regions  of  the  periphery  of  the  body.  We  must,  however,  con- 
tent ourselves  with  tho  simple  objective  enumeration  of  these  modes  of 
origin,  for  we  have  as  yet  no  sufficient  groundwork  for  the  construction  of 
a  theory  as  to  their  functional  significance. 

Below  the  region  of  origin  of  the  5th  pair,  the  floor  of  the  ventricle  is 
divided,  on  either  side,  by  a  lateral  furrow,  into  a  median  district,  the  re- 
gion of  origin  of  the  6th  and  7th  cerebral  nerves,  and  a  lateral  distiict,  the 
i-egion  of  origin  of  the  nervus  auditorius,  the  8th  nerve  (tig.  277,  G  and  8). 

The  nervus  ahducens  (fig.  277,  6)  springs  from  iSiiiling^s  common  nu- 
cietis  of  the  nervi  facialis  et  ahducens  (fig.  277,  left-hand  side  7*),  a  dense 
collection,  1.6  mm.  in  thickness,  of  slender,  multi|>olar  nerve-cells,  averaging 
45  fi  in  length  and  15  /x  in  breadth. 

This  nucleus,  according  to  Stilling  and  Schroeder  v.  d.  Kolk,  is  connected 
by  the  hindemiost  set  of  the  fibrue  arcuataj  with  the  raphe.  1  have  further 
satisfied  myself,  by  following  them  up  carefully,  that  even  those  fibrse  rectss 
of  the  raphe  that  run  from  the  region  of  the  nucleus  obliquely  downwards 
toward  the  oblongata,  change  the  direction  of  their  course  at  the  level  of 
the  inferior  edge  of  the  pons,  and  bend  back  into  the  anterior  pyramids, 
t.  e.y  the  continuation  of  the  basis  cruris  cerebri.  The  common  nucleus, of 
the  abdueens  and  facial  nerves  of  one  side  probably  stands  therefore  under 
the  influence  of  the  nuclei  of  origin  of  the  basis  cruris  cerebri  of  the  oppo- 
site side. 

At  a  point  about  1.4  mm.  above  the  lower  border  of  the  pons,  the  roots 
of  the  abdueens  emerge  from  this  nucleus  in  the  form  of  fine,  distinct  fibres, 
which  run  parallel  to  the  raphe  as  far  as  the  edge  of  the  posterior  division 
of  the  pons,  and  make  their  way  thence  obliquely  downwards  to  the  well- 
known  jioint  of  exit  of  the  nerve  at  the  inferior  surface  of  the  pons.  The 
outermost  fibres  of  the  main  root  of  the  abdueens,  which  si)ring  from  the 
nerve-cells  in  the  anterior  part  of  the  nucleus,  may  be  seen  to  curve  in- 
wards and  forwards  toward  their  destination.  The  inner  fibres  of  the  same 
root,  however,  do  not  appear  to  be  in  connection  with  the  nerve-cells  of  the 
nucleus,  but  form  a  dense  fibrous  layer  behind  it,  in  which  a  few  nerve-cells 
lie  scattered.  I  have  been  able  to  convince  ni}  self,  however,  that  these  fibres 
really  do  proceed  from  the  nucleus,  but  that  they  are  so  disposed  as  to  de- 
scribe almost  a  circle  around  it. 

The  fibres  in  connection  with  the  abdueens  then,  like  those  in  the  nucleus 
of  the  hypoglossus  (l^g,  281  XII  )^  are  wound  together  into  the  fonn  of  a 
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coil.  The  central  ends  of  the  coiled  fibres  are  in  both  cases  continuous  with 
the  fibrss  rectas  of  the  raphe,  or  more  immediately  with  the  hindmost  set 
of  the  fibr»  arcuatsB,  being  originally  derived  of  course  from  the  cms  cere- 
bri. They  then  appear  to  embrace  the  anterior  and  outer  surfaces  of  the 
nucleus,  enter  into  connection  with  its  nerve-cells,  and  are  transmitted  by 
them  to  the  main  root  of  the  nerve,  in  such  a  manner  that  they  complete 
the  circle  around  the  nucleus  by  enclosing  its  posterior  and  inner  surfaces. 
The  principal  reason  that  the  course  of  these  fibres  cannot  be  demonstrated 
in  its  continuity,  on  section  preparations,  is  that  that  extremity  of  each  of 
the  coiled  fibres  which  is  in  connection  with  the  fibi-sB  rectsa  belongs  to  a 
plane  inferior  to  that  which  con-esponds  to  the  nerve-root  extremity  of  the 
same  fibre.  In  that  plane,  for  example,  which  is  presented  by  the  right 
half  of  fig.  277,  and  which  lies  superiorly  to  that  represented  by  the  left 

Fig.  277. 


"'^ttiiS^its^ 


Fig.  277.  Transparent  eroM-section  from  the  Human  pons  VaroUi  at  the  level  of  the 
origin  of  the  nervi  faciales  and  abducentes.  The  plane  represented  by  the  right  half  of 
the  figure  is  somewhat  higgler  than  t/iat  represented  by  the  left  half  Cbl^  portion  of  the 
cerebellum  constituting  the  roof  of  the  4th  ventricle ;  Ze,  inner  divisioii  of  the  pednn- 
culus  cerebelli  at  its  exit  from  the  cerebellum  ;  6V,  corpus  restiforme  (outer  division 
of  ditto)  at  its  exi£  from  the  cerebellum  *  M,  raphe  of  the  posterior  division  of  the 
pons ;  Vs,  the  motor  district  of  the  posterior  division  of  the  pons ;  S,  the  sensoiy  dis- 
trict of  same,  containing  the  ascending  root  of  the  5th  pair ;  0^  the  superior  oliTaiy 
body ;  Br^  the  processus  cerebelli  ad  pontem  ;  Trp^  the  deep,  Trs^  the  snperficijJ 
stratum  of  its  traasverse  fibres ;  P,  the  anterior  longitudinal  f ascicoli  of  the  pons ; 
7,  the  main  root  of  the  nervus  facialis ;  O^  genu  nervi  facialis  ;  7\  the  posterior  (su- 
perior) nucleus  of  the  nervus  facialis,  or  common  nucleus  of  the  facialis  and  abdu- 
cens ;  *  7^*,  the  anterior  (inferior)  nucleus  of  the  nervus  facialis ;  6,  the  main  root  of 
the  nervus  abducens  ;  8,  elevation  on  the  floor  of  the  4th  ventricle  corresponding  to 
the  inner  nucleus  of  the  nervus  auditorius. 

half  of  the  same  figure,  a  portion  of  the  root-fibres  of  the  abducens  is 
already  visible,  although  nothing  of  the  nucleus  is  to  be  seen. 

"Whether  the  roots  of  the  abducens  receive  also,  as  Schroeder  v,  d,  JETolk 

*  The  7  to  the  left  of  VS  should  be  7'.  -Translator's  Note.  • 
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declared  to  be  the  case,  a  contingent  of  fibres  from  a  nucleus  as  yet  undis- 
covered which  lies  outside  of,  and  superiorly  to,  that  just  described,  must 
remain  undecided.  The  same  investigator  makes  the  attractive  suggestion 
that  the  fact  that  the  centVal  extremity  of  the  main  root  of  this  nerve  is 
directed  away  from  the  raphe,  indicates  that  it  is  connected  with  its  central 
innervating  nervous  centre  by  means  of  fibres  that  do  not  cross  the  median 
line,  whereas  the  central  extremity  of  the  root  of  the  oculo-motor,  being  di- 
rected towards  the  raphe,  is  evidently  innervated  by  the  nervous  centre  of 
the  opposite  side.  To  the  existence  of  this  arrangement  he  refers  the  simul- 
taneous action  of  the  rectus  extemus  of  the  other  side  (comp.  p.  709,  co- 
ordination-mechanisms). If  however  the  mode  of  the  origin  of  the  abdu- 
cens  is  as  I  have  described  it,  this  suggestion  loses  its  force  for  the  case  in 
hand,  however  true  the  general  fact  of  the  existence  of  such  anatomical 
mechanisms  for  the  production  of  si>ecial  co-ordinated  motions  may  be,  to 
which  1  have  already  called  the  reader's  attention  in  speaking  of  the  fact 
that  each  half  of  the  tegmentum  cruris  is  derived  in  paiii  from  the  ganglia 
of  the  same  side,  in  part  from  those  of  the  o[>posite  side.  I  have  however 
already  laid  down  the. general  principle  (p.  709)  that  no  such  mechanisms 
exist  for  the  basis  cruris,  and  the  existence  of  the  connections  between  the 
nucleus  of  the  nervus  abducens  and  the  raphe  seems  to  show  that  the  course 
of  the  fibres  sent  to  this  nerve  does  not  differ  from  that  of  the  other  fibres 
of  the  basis.  Whether  the  innervation  of  the  abducens  by  certain  special 
centres  of  co-ordination  (corjjus  quadrigeminum)  takes  place  directly,  or 
whether  by  means  of  fibres  that  cross  the  median  line  from  the  opposite 
side,  must  be  determined  by  studying  the  history,  in  other  parts  of  their 
courae,  of  the  tracts  by  which  that  nerve  is  connected  with  the  centre  in 
question.  Cei-tainly  the  interesting  fact  discovered  by  Oudden  is  worthy 
of  mention  in  connection  with  the  influence  exercised  upon  the  abducens  by 
a  distant  nervous  centre  in  the  neighborhood  of  the  origin  of  the  nervus 
oculo-motorius,  viz.,  that  a  flattened  bundle  of  fibres  passes  transversely 
from  the  corp.  bigeminum  superius  into  the  crus  cerebri  (tractus  trans- 
versus  pedunculi),  which  €rudden  found  to  attain  only  to  an  imperfect 
degree  of  development  when,  in  new-bom  animals,  he  rendered  the  retina 
incapable  of  performing  its  functions,  and  which  therefore  may  be  supposed 
to  bear  a  certain  functional  relation  to  that  organ.  The  fasciculus  itself 
had  been  already  noticed  and  con*ectly  figured  by  Inzani  and  Ijemoigne. 

According  to  Clarke  there  are  also  certain  delicate  bundles  of  fibres  belonging  to 
the  roots  of  the  nervus  abdncens  that  curve  round  the  nucleus  of  the  facial  nerve, 
after  converging,  pencil-like,  from  the  eminentia  teres,  where  they  have  their  origin. 

The  roots  of  the  nervus  facialis  originate  in  manifold  ways,  which  we  will 
again  consider  for  the  sake  of  clearness,  imder  the  following  heads : — 

1.  Hoots  of  th^  nenms  facialis  that  have  their  place  of  origin  above  the 
region  occupied  by  the  main  root  of  the  nerve.  Descending  roots.  They  pass 
through  the  raphe  from  the  basis  cruris,  as  fibne  rectss,  cross  the  median 
line  and  run  in  cur\'es  wif.h  their  convexities  upward,  arching  over  the 
common  nucleus  of  the  facial  and  abducent  from  above,  without  interrup- 
tion, into  the  main  root  of  the  facial  nerve  (fig.  277,  right-hand  side,  the  light- 
colored  bundles  of  fibres  lying  in  front  of  the  dark  surface  marked  G),  Be- 
cause of  the  curves  which  they  describe,  it  is  impossible  to  trace  these  fibres 
actually  into  the  root,  except  in  sections  passing  through  the  very  upper- 
most portion  of  the  region  of  origin  of  the  nerve  in  question,  for  any  section 
made  at>a  lower  level  cuts  off  the  summit  of  the  arch.  There  is  also  a  cer- 
tain set  of  descending  fibres  that  run,  not  vdthin  the  raphe,  but  across  the 
47 
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motor  difitrict  of  the  tegmentum,  and  therefore  across  the  path  of  the  fibra 
arcuatse,  on  their  way  to  the  main  root  of  the  facial  nerve  (fig.  277,  right- 
hand  side,  between  li  and  6).  It  is  of  course  uncertain  whether  the  fibres 
of  this  set  have  a  common  place  of  origin  (the  nucleus  lenticularis,  for  exam- 
ple) with  those  first  mentioned  descending  facialis  i*oots  that  foim  the  fibrse 
rectse  of  the  raphe. 

2.  Roots  of  the  nervus  facialis  that  have  their  origin  within  the  region 
occupied  hy  tlie  main  root  of  the  nerve.  They  spring  {Dmtcrs  holds  a  con- 
trary opinion)  from  the  common  nucleus  of  the  facialis  and  abducens,  or 
rather  from  its  upper  half,  for  it  is  doubtful  whether  in  its  lower  half  this 
nucleus  has  any  connection  with  the  facial  nerve.  As  far  as  they  are  in 
connection,  however,  the  root  fibres  are  to  be  seen  emerging  from  the  i-egion 
of  the  nucleus,  occupying  a  space  exactly  corresponding  to  the  latter  in 
breadth,  so  that  there  can  be  no  doubt  of  their  relation  therewith  (fig.  277, 
left-hand  side). 

3.  Hoots  of  the  nermis  facialis  which  have  their  origin  below  tfie  plane 
occupied  by  the  main  root  of  the  nerve.  Ascending  roots, — Dean  and  JJeiters 
described  the  course  of  these  roots  independently  of  each  other,  and  both 
correctly,  at  least  so  far  as  one  can  judge  from  Deiters'  unfinished  descrip- 
tion. Clarke  too  would  have  perfectly  understood  their  relations,  had  it 
not  been  that  he  considered  the  supeiior  olivary  body  to  be  their  nucleus  of 
origin,  instead  of  the  inferior  nucleus  of  the  facialis,  which  he  had  previously 
mistaken  for  the  nucleus  of  the  motor  root  of  the  5th  nerve. 

Their  real  nucleus  of  origin  is  then  the  anterior  (inferior)  nucleus  of  the 
facialis,  a  mass  of  large,  elongated,  multipolar  nerve-cells,  CO  /x  in  length  by 
21  /x  in  thickness,  that  reaches  inferiorly  almost  to  the  lower  border  of  the 
pons,  and  extends  upwards  nearly  to  the  level  of  the  region  occupied  by  the 
common  nucleus  of  the  facialis  and  abducens,  a  distance  of  about  3.5  mm. ; 
its  transverse  diameter  measures  1.6  mm.,  its  antero-posterior  diameter 
2.4  mm. 

This  nucleus  lies  close  to  the  outer  side  of  the  superior  olivary  body,  and 
in  Man  is  sharply  defined  (fig.  277,  left-hand  side,  7)  by  a  system  of  fibres 
that  are  coiled  around  it,  the  central  extremities  of  which  undoubt^ly 
serve  to  attach  the  nucleus  to  the  raphe  and  thereby  to  the  cms  cerebri. 

In  aiiimals  the  nucleus  is  less  sharply  defined,  because  the  elements  of  the 
coil  are  pressed  apart,  and  their  disposition  obscured,  by  the  introduction 
of  a  large  quantity  of  connective  substance  (as  was  the  case  with  the 
glomeruli  olfactorii)  (fig.  278,  7).  The  peiipheral  ends  of  these  coiled 
fibres  appear  as  fine,  distinct  lines,  that  curve  outwards  and  backwards  to- 
ward the  gray  matter  forming  the  floor  of  the  4th  ventricle,  where  they 
gather  themselves  to  a  compact  fasciculus  which  makes  a  knee-shaped  bend 
upwards  (Deitere).  This  fasciculus  (the  genu  nervi  facialis)  appears  on 
cross-sections,  throughout  the  entire  length  of  its  course,  a  distance  of  5  mm., 
as  a  dark,  sharply  defined  spot,  lying  behind,  and  to  the  inner  side  of,  the 
root  of  the  abducent  nerve  and  its  nucleus  (fig.  277,  left-hand  side,  G),  It 
seems  in  fact  to  be  actually  separated  by  these  two  last-mentioned  structures 
from  the  main  root  of  the  facial  nerve  for  which  it  is  destined,  which  is  to 
be  accounted  for  by  the  fact  that  the  genu  is  connected  with  the  nerve  it- 
self by  an  arch  of  fibres,  the  summit  of  which  lies  superiorly  to  the  plane  of 
the  sections  referred  to,  which  pass  through  its  two  branches.  In  the  curve 
of  this  arch  lies  the  common  nucleus  of  the  facialis  and  abducens.  Leaving 
the  genu  to  pass  out  with  the  main  root  of  the  nerve,  this  root  then  de- 
scribes again,  in  the  reverse  direction,  the  curve  desciibed  by  the  fibres 
which  connect  together  the  nucleus  and  the  genu,  the  two  curves  being  thus 
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parallel  with  each  other,  but  separated  by  an  interval  of  5  mm.  (fig.  277,  6r, 
7,  right-hand  side).  Inasmuch  as  the  main  root  of  the  facial  nerve  occu- 
])ies  a  space  in  the  pons  which  measures  from  above  downwards  about  2  mm., 
it  is  ])lain  that  its  most  inferior  bundle  of  fibres  must  appear,  in  a  series  of 
transverse  sections,  opposite  to  the  genu  (fig.  277,  left-hand  side). 

This  set  of  fibres  that  forms  the  ascending  root  of  the  facialis  ia  then  not 
in  connection  with  the  nucleus  of  the  abducens,  but  curves  round  the  out- 
side of,  and  avoids,  both  the  nucleus  and  the  root  of  that  nerve,  by  describ- 
ing a  course  of  the  form  of  a  horseshoe  bent  somewhat  out  of  shape.  The 
two  branches  of  this  horseshoe  lie  in  the  pons,  the  one  above  the  other,  and 
parallel  with  each  other.  The  lower  branch  consists  of  the  fibres  that  run 
inwarcLs  and  backwaixls,  from  the  anterior  (inferior)  nucleus  of  the  nerve  to 
its  genu  (fig.  278,  7*) ;  the  upper  branch  is  made  up  of  the  fibres  that  run 
from  the  upper  extremity  of  the  genu,  outwards  and  forwards,  toward  the 
point  of  emergence  of  the  nerve  (tig.  277,  right-hand  side).  The  genu  itself 
forms  the  curved  end  of  the  horseshoe,  connecting  togeHier  its  two  branches. 
This  central  connecting  piece  of  the  hoi-seshoe  is  however  at  the  same  time 
bent  inwards,  in  the  direction  of  a  line  perpendicular  to  the  surface  of  the 
horseshoe,  in  order  that  it  may  embrace  the  inner  surface  of  the  facialis  and 
abducens  ;  and  further,  the  upper  branch  is  bent  upwards  at  one  point,  in 
the  direction  of  the  plane  of  the  sui-face  of  the  horseshoe,  in  order  that  it 
may  arch  over  the  nucleus  mentioned. 

The  uppermost  of  the  fibres  that  bend  from  the  superior  extremity  of  the  knee 
into  the  main  root  of  the  facial  nerve,  arch  upwards  so  high  as  to  make  their  appear- 
ance in  the  region  of  origin  of  the  5th  nerve  (fig.  276,  7),  which  accounts  for  Stilling  s 
having  regarded  the  genu  nervi  fac.  as  a  constant  posterior  root  of  the  5th  nerve, 
and  for  his  having  designated  the  ntwleus  of  the  facial  nerve  as  the  infeinor  nucleus 
of  the  trigeminus. 

The  main  root  of  the  nervus  auditorius  comes  into  existence  at  about  the 
level  of  the  nucleus  of  origin  of  the  ascending  root  of  the  nervus  facialis 
(fig.  278,  8),  and  stands  in  connection,  within  the  region  of  the  pons,  with 
the  following  masses  of  gray  matter,  four  in  number : — 

1.  Tlie  iivner  nucleus  of  the  nermis  auditorius  (Stilling  and  Clarke). — 
This  nucleus  may  be  divided  for  purposes  of  description  into  three  parts, 
lying  one  above  the  other.  In  the  region  of  the  uppermost  of  these  divisions, 
the  nucleus  lies  to  the  outer  side  of  the  elevation  corresponding  to  the  su- 
perior nucleus  of  the  facial  nerve  (fig.  277,  8) ;  in  that  of  the  mit^/^<? division, 
which  lies  pretty  nearly  at  the  level  of  the  striie  medullares,  it  occupies  the 
«*ntire  breadth  of  the  floor  of  the  ventricle  (fig.  278,  FT"//) ;  in  that  of  the 
lowest  division,  it  lies  to  the  outer  side  of  the  region  of  origin  of  the  glosso- 
pharyngeus  and  the  common  nucleus  of  the  vagus  and  accessorius  (fig.  280, 
8).  This  nucleus  is  traversed,  beneath  the  gray  substance  forming  the  floor 
of  the  ventricle,  by  great  numbei-s  of  densely  disposed,  fine  bundles  of  fibres, 
that  run  for  the  most  part  in  the  direction  from  the  cerebellum  toward  the 
raphe,  and  scattered  among  them  lie  nerve-cells  30-45  /x.  in  length  by  12-15 
in  breadth. 

2.  The  external  nucleus  of  the  nervus  aitditorius  ( Clarke,  Dean),  occu- 
pies that  trapezoid-shaped  district  of  the  inner  division  of  the  peduuculus 
cerebelli  that  is  in  immediate  apposition  with  the  inner  nucleus  of  the  nerve 
in  question  (fig.  278,  left-hand  side  //,  right-hand  side  behind  8*,  fig.  280, 
SFC),  It  has  a  common  posterior  and  a  common  anterior  boundary  with 
this  latter  nucleus,  and  impinges  externally  on  the  corpus  restiforme  pe- 
dunculi  cerebelli.     The  external  nucleus  is,  in  its  inner  half,  traversed  by 
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densely  disposed  bundles  of  fibres  belonging  to  the  inner  division  of  the 
j.edunculus  cerebelli.  Exteriorly  to  these  it  consists  almost  exclusively  of 
gray  substance  (fig.  278),  and  in  this  portion  of  it  lie  great  numbers  of  mul- 
tipolar, elongated  nerve-cells,  60-100  /x  in  length,  by  15-21  in  thickness. 


Fig.  278. 


Fig.  278.*  Tranjiparent  cfv.*fi-xec(wn  from  the  cerebellum  and  the  upper  extremity  of 
ih^  oblongata  of  Cerocebus  cirionvtlga^^  tthowlng  the  nerviis  auditoriiis  at  its  origin.  T?ie 
plane  represented  by  the  Hqht  JuUf  of  the  figure^  lies  in  reaiity  sotnewlMt  i/\feriarly  fa 
that  represented  by  \he  left  half  V\  the  4th  veutricle  ;  lillR,  the  cortex  of  the  left 
hemisphere,  and  of  the  superior  and  inferior  vermiform  processes  of  the  cerebellum  ; 
Vi//,  the  inner  nucleus  of  the  nervus  auditorius ;  ^V,  the  raphe  ;  P,  the  anterior 
pyramid ;  MF^  the  motor  district  of  the  posterior  division  of  the  oblongata ;  G  F,  the 
gelatinous  substance,  with  the  ascending  root  of  the  5th  nerve ;  a,  fibrse  arcuatae 
standing  in  connection  with  the  inner  division  of  the  pedunculus  cerebelli ;  //,  the  in- 
ner division  of  the  pedunculus  cerebelli ;  St.,  the  outer  division  of  the  pedunc  cere- 
bel.  (between  the  two  divisions  lies  a  collection  of  large  nerve-cells) ;  Br^  the  proces- 
sus cerebelli  ad  pontem ;  i&,  corpus  rhomboideum  (trapezoides) ;  O,  superior  olivary 
body  ;  7,  inferior  nucleus  of  the  facial  nerve  lying  to  the  outer  aide  of  O,  from  which 
emerge  the  roots  of  the  facial  nerve  7',  which  fina'ly  lose  themselves  in  the  section 
of  the  genu  nervi  facialis,  that  lies  close  to  the  gjay  substance  forming  the  floor  of  the 
ventricle;  6,  ncrvus  abducens;  8,  nervus auditorius,  made  up  of  fibres:  (8').  from  its 
inner  nucleus  which  lies  near  the  floor  of  the  ventricle  of  the  fibres;  (8*),  from  i^tU- 
ling's  anterior  nucleus  of  the  same  nerve,  of  fibres  from  the  inner  division  of  the  pedun- 
culus cerebelli  (8^),  and  from  its  outer  division  (8*) ;  D,  the  nucleus  dentatus  of  the 
cerebellum ;  T,  StiUing'^s  nucleus  tegmenti  of  the  cerebellum ;  ^,  the  medullary  sub- 
stance belonging  to  the  inner  division  of  the  pedunculus  cerebelli  from  the  hemisphere 
of  the  opposite  side  ;  H ",  ditto  from  the  hemisphere  of  the  same  side  above  the  cor- 
pus restiforme,  both  in  cross-section  and  in  longitudinal  section,  its  fibres  running  in 
the  latter  case  in  a  transverse  direction. 


♦  The  7,  a  little  below  and  to  the  left  of  V*^  should  be  7^ 
the  right  of  MF^  should  also  be  8'. 


The  8,  immediately  on 
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3.  The  anterior  nucleus  of  the  nervus  auditorius  (fig.  278,  8'),  a  wedge- 
shaped  mass  of  cells  inserted  between  the  auditory  nerve,  the  corpus  resti- 
forme,  and  the  medullary  substance  of  the  flocculus,  presents  on  cross-sec- 
tion, in  the  Human  brain,  a  triangular  sui-face  3  mm.  in  length  and  2  mm.  in 
breadth.  It  is  made  up  of  closely-packed,  bladder- shaped  nerve-cells,  fur- 
nished with  but  few  processes,  resembling  the  component  elements  of  the 
spinal  ganglia  in  form,  but  not  in  point  of  size,  as  the  former  are  much  the 
smaller  of  the  two,  and  are  enveloped  like  these  each  in  a  delicate  mem- 
brane, and  contain  small  nuclei. 

4.  Certain  nerve-cells  lying  in  the  main  root  of  the  nervus  auditorium,  oc- 
curring singly  and  in  clusters  throughout  the  central  course  of  the  latter. 
They  are  present  in  such  numbera  at  the  point  of  its  emergence,  at  the  an- 
terior border  of  the  pons,  that  they  inflate  the  nerve  to  a  ganglion-like 
body,  and  they  further  lie  embedded  in  the  external  portion  of  the  main  root 
that  passes  to  the  outer  side  of  the  pedunculus  cerebelli.  Their  size,  which 
is  generally  very  considerable,  their  elongated  form,  the  great  number  of 
their  processes,  and  the  presence  of  enveloping  membrane,  forbid  us  to  re- 
gard them  as  belonging  to  the  same  formation  with  the  anterior  nucleus,  as 
Stilling  and  Clarke  have  described  them. 

As  to  the  nerve  tracts  that  stand  in  connection  with  these  various  nuclei, 
we  must  distinguish,  as  in  all  other  cases,  between  the  fibres  that  have  their 
origin  in  these  nuclei,  and  those  that  terminate  in  them,  having  descended  to 
them  from  nervous  centres  that  occupy  still  more  central  positions. 

There  are  as  yet  no  grounds  that  justify  us  in  drawinj/  a  morphological 
parallel  between  the  auditory  nerve  and  the  olfactory  lobe  and  optic  nerve, 
with  which  one  is  tempted  to  classify  it,  on  account  of  the  peculiar  and  im- 
portant function  of  the  organ  of  sense  with  which  it  is  in  connection.  The 
considerations  that  caused  us  to  regard  the  olfactory  lobe  and  the  retina  as 
having  the  same  moiphological  significance  with  the  cortex  cerebri,  do  not 
hold  good  as  regards  the  labyrinth  of  the  ear,  the  organ  of  Corti.  While 
the  medullary  substance  belonging  to  the  olfactory  lobe  and  the  retina  (t.  e. 
the  optic  nerve)  peneti^ates,  as  we  have  seen,  into  the  very  same  terminal 
ganglia  with  the  medullary  Lubstance  of  the  cortex  cerebri,  and  terminates 
there  in  exactly  the  same  manner  with  the  latter,  which  represents  the  su- 
perior member  of  the  projection-system,  the  auditory  nerve,  on  the  other 
hand,  does  not  make  its  way  into  any  one  of  these  ganglia,  but  teraiinates 
in  the  central  tubular  gray  matter,  which  is  not  in  immediate  connection 
with  the  cerebml  lobes.  The  fact  of  its  immediate  entrance  into  this  gray 
substance  and  the  nature  of  its  connection  therewith  are  manifestly  points 
which  the  nervus  auditorius  has  in  common  with  the  nerve-roots  in  general, 
that  represent  the  inferior  member  of  the  projection- system.  This  does  not, 
however,  justify  us  in  placing  the  auditory  nerve,  in  respect  to  the  details 
of  its  further  course,  unreservedly  in  the  same  category  with  the  other 
nerves  of  the  caudex  cerebri,  nor  in  referring  it  to  a  definite  place  in  the  struc- 
tural type  of  the  spinal  cord.  Deiters  attempts  this  in  seeking  to  show  that 
all  the  above-mentioned  nerves  form,  in  virtue  of  their  mutual  relations,  mem- 
bers of  his  lateral  mixed  system  of  nerves,  the  other  members  of  the  same 
system  which,  like  the  rest,  are  neither  purely  sensory  nor  purely  motor  in 
their  character,  being  represented  by  the  glosso-pharyngeal  nerve  and  the 
Viigus  and  spinal  accessory.  In  making  this  attempt,  he  only  revives  the 
old  notion  held  by  Galen,  I^aMopia,  and  IlaUer,  that  the  auditory  nerve 
(poi*tio  mollis)  forms  with  the  facial  nerve,  morphologically  speaking,  a  sin- 
gle nerve-root. 

Deiters  took  this  view  of  the  significance  of  the  nervus  auditorius,  under 
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the  belief  that  the  opinion  already  pronounced  in  general  terms  by  FovilUy 
and  Schroeder  v,  d,  Jvolk^  that  the  origin  of  the  nervus  auditorius  is  to  be 
sought  iu  the  cerebelhim,  was  an  erroneous  one.  I  desire,  however,  before 
entering  into  the  details  of  the  description,  to  express  the  decided  opinion 
that  its  connection  with  the  cerebellum  (which  is  partly  brought  about  by 
decussation)  gives  to  the  ne'nms  auditorivs  tlie  right  to  he  placed  in  a  differ- 
ent category  from  otiier  nerve-roots^  an  opinion  which  is  based  on  microsco- 
pic work  done  by  me  a  number  of  years  ago,  and  which  Clarke  and  Dean 
have  lately  confirmed. 

In  accordance  with  the  sequence  which  has  been  observed  in  the  descrip- 
tion of  the  relations  of  all  the  other  nerves,  I  should  speak  next  of  the  sys- 
tem of  nerves  which  places  the  cerebral  lobes,  by  way  of  the  crus  cer- 
ebri, in  connection  with  the  nuclei  of  origin  of  the  nervus  auditorius,  a 
connecting  system  that,  on  physiological  grounds,  we  should  expect  to  find 
of  as  considerable  dimensions  as  that  leading  to  the  retina,  the  optic  nerve. 
Surprisingly  enough,  however,  no  such  system  of  connecting  fibres  between 
the  nervus  auditorius  and  the  crus  cerebri  is  to  be  discovered. 

It  is  true  that  on  sections  from  the  common  region  of  origin  of  the  audi- 
tory and  facial  nerves,  we  find  an  appearance  that  leads  us  to  conclude  with 
certainty  that  the  entire  posterior  longitudinal  fasciculus  makes  a  sudden 
bend,  and  passes  over  into  the  nuclei  of  origin  of  the  nervus  auditorius 
(fig.  279,  8,  VIII)  which  lie  to  its  outer  side,  and  I  was  originally  induced 
thereby  to  attribute  to  the  posterior  longitudinal  fasciculus  the  significance 
of  an  auditory-tract.  Subsequent  preparations,  however,  from  the  pons 
Varolii  of  the  Dog,  the  coloring  of  which  happened  to  be  unusually  success- 
ful, have  enabled  me  to  trace  with  more  accuracy  the  facts  of  the  case,  and 
have  convinced  me  that  the  posterior  longitudinal  fasciculus  continues  in 
fact  to  pass  downwards  to  the  anterior  column  of  the  spinal  cord  (iStiliing), 
being  traversed,  liowever,  by  the  systems  of  fibres  on  their  way  towards  the 
auditory  nerve  in  such  profusion  that  it  seems  to  be  itself  diverted  from  its 
course,  and  to  pass  over  into  the  nucleus  of  the  latter. 

It  is  true  that  Stilling  has  succeeded  in  following  the  fibrte  rectte  of  the 
raphe  into  the  external  roots  of  the  auditorius  (striae  meduUares),  but  it  is 
certain  that  the  greater  number  of  them  do  not  serve  to  establish  any  con- 
nection between  this  nerve  and  the  crus  cerebri,  for  they  can  be  ti'aced  in 
the  opposite  direction  across  the  median  line,  and,  as  fibne  arcuatce,  into  the 
l>edunculus  cerebelli  of  the  opposite  side. 

In  the  light  of  the  foregoing  statements  it  may  be  regarded  as  cei*tain 
that  no  considerable  immediate  connection  exists  between  the  auditory 
nerve  and  the  cerebral  lobes,  and  we  are  obliged  to  conclude  that  a  mediate 
connection,  the  presence  of  which  in  one  form  or  another  physiological  con- 
siderations require  us  to  admit,  is  established  by  way  of  the  cerebellum. 

Of  all  the  connecting  tracts  that  spring  from  the  cerebellum,  only  the 
processus  ad  cerebrum,  or  the  velum  medullare  anterius  with  the  fienulum, 
(;an  be  thought  of  in  tliis  connection.  One  is  tempted  to  i-egard  the  pi-oces- 
sus  ad  cerebrum  as  representing  the  connecting  tract  in  question,  on  account 
of  its  dimensions,  which  are  about  the  same  as  those  of  the  optic  nerve,  and 
should  that  really  be  the  case,  the  decussation  of  the  two  processes  within 
the  tegmentum  might  be  regarded  as  forming  an  acoustic  c/iiasma. 

The  fibres  that  by  their  confluence  make  up  the  nervus  auditorius  belong 
to  the  following  systems,  some  of  which  have  their  origin  in  the  nuclei  al- 
ready mentioned. 

In  the  first  j)lace,  however,  an  anterior  main  root,  which  traverses  the 
pons  anteriorly  to  the  pedunculus  cerebelli,  is  to  be  distinguished  from  a 
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posterior  main  root,  the  outermost  fibres  of  which  pass  to  the  outer  side  of 
the  same  pedunculus,  and  to  which  the  striaa  medullares  belong.  The  ante- 
rior main  root  occupies  a  space  measuring  2  mm.  in  its  upright  diameter, 
and  i-ather  more  than  1  mm.  in  its  transverse  diameter,  between  the  corpus 
restiforme  and  the  ascending  root  of  the  5th  nerve,  and  is  made  up  of  fibres 
that  spring  in  part  from  nuclei  of  origin  of  the  same,  in  part  from  nuclei  of 
origin  of  the  opposite  side. 

1.  The  fibres  denved  from  the  opposite  side  are  the  innermost  of  those 
composing  the  anterior  main  root.  They  have  their  origin,  to  all  appear- 
ance, in  the  inner  auditory  nucleus  of  the  same  side.  In  fact,  however,  they 
only  \yass  through  this  inner  nucleus  and  the  corresponding  inner  division  of 
tlie  pedunculus  cerebelli,  on  their  way  from  the  raphe  to  the  main  root,  and 
they  are  in  reality  derived  from  the  inner  division  of  the  pedunculus  cere- 
belli of  the  opposite  side,  and  in  respect  to  their  course  thence  are  divisible 
into  two  sets.  One  set  run  from  the  respective  pedunculus  cerebelli  longi- 
tudinally through  the  inner  nucleus  of  the  auditory  nerve,  in  the  same  di- 
rection with  JBergmann^s  conductor  sonorus,  or,  in  other  words,  with  the 
ascending  striie  medullares  of  J'.  JEngels  (terminating,  like  them,  at  the  inner 
extremities  of  the  striss  medullares  transversae),  some  of  them  lying  exposed 
on  the  surface  under  the  form  of  the  striae  medullares  asceudentes  just  men- 
tioned, some  of  them  buried  below  the  surface  (in  front  of  the  genu  nervi 
fari/di^).  They  all  cross  the  median  line,  and  pass  through  the  inner  audi- 
tory nucleus  of  the  opi)osite  side.  They  also  traverse  both  posterior  longi- 
tudinal fasciculi  on  their  way. 

Such  being  the  coaise  of  this  system  of  fibres,  it  is  eaiiy  to  see  that  the  fasciculi  IIK 
in  fig.  278,  that  traverse  the  posterior  set  of  the  series  of  cross-sections  //,  that 
occupy  the  inner  division  of  the  pedunculus  cerebelli,  must  be  directly  continuous 
with  the  fascicnii  8'  of  the  main  root  of  the  auditorins  that  are  woven  in  among  the 
anUrior  set  of  these  croas-sections,  and  that  they  must  traverse  on  their  way  the  inner 
nucleus  of  the  auditorius  VII L  It  is  evidently  impossible  to  trace  the  entire  course 
of  these  fasciculi  on  any  one  section.  One  phase  in  their  course  is  shown  by  fig. 
279,  8,"  VIIL 

The  second  set  of  the  fibres  from  the  pedunculus  cerebelli  pass  directly 
forwards  through  the  outer  nucleus  of  the  auditorius  of  the  same  side,  but, 
without  traversing  the  inner  nucleus  of  that  side,  they  continue  their  coui-se 
under  the  form  of  fibrae  arcuatas  (fig.  278  a),  that  run  collectively  in  front 
of  the  posterior  longitudinal  fasciculus,  as  far  as  to  the  raphe.  Here  they 
turn  toward  the  floor  of  the  ventricle,  and,  crossing  the  median  line,  make 
their  way  through  the  posterior  longitudinal  fasciculus,  passing  onwards  be- 
hind the  latter  through  the  inner  nucleus  of  the  auditorius.  Together  with 
the  group  of  fibres  first  mentioned  that  run,  after  their  decussation,  trans- 
versely through  the  outer  nucleus  of  the  auditorius  into  the  main  root  of 
the  nerve,  these  last  mentioned  fibres,  that  traverse  the  same  nucleus  before 
their  decussation,  form  there  a  right-angled,  trellis-like  formation,  in  the 
apertures  of  which  ai'e  lodged  the  component  fibres  of  the  inner  division  of 
the  pedunculus  cerebelli,  which  are  in  the  midst  of  th^ir  course  downwards 
(figs.  278  //,  280  SFC).  The  innermost  set  of  the  fibres  of  the  exterior 
main  root  traverse  the  ascending  root  of  the  5  th  nerve,  and  tlie  undermost 
of  them,  at  their  entrance  into  the  main  root,  pass,  not  through  the  pedun- 
culus cerebelli,  but  close  to  its  anterior  surface.  /Stilling  considered  the 
latter  set  of  fibres  to  be  the  only  ones  concerned  in  the  formation  of  this 
portion  of  the  auditory  nerve,  referring  their  origin  to  the  nucleus  of  the 
same  side. 

Those  fibres  of  the  anterior  main  root  which  do  not  cross  from  the  opposite 
side  are  derived : 
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2.  From  the  outer  nucleus  of  the  nerve  in  question  {Clarke j  Dean) ^  of 
which  the  large  cells  foim,  to  the  outer  side  of  the  group  of  cross-sections 
referred  to,  a  nuclear  mass  which  for  the  most  part  is  free  fi*om  the  admix- 
ture of  foreign  elements.  The  processes  of  these  nerve-cells  evidently  pass 
over  into  the  fibres  of  the  root  (fig.  278,  8*).  The  course  of  these  same 
fibres  is  prolonged  in  the  opposite  direction  beyond  the  nerve-cells  into  the 
substance  of  the  cerebellum,  passing  on  their  way,  ajs  I  have  satisfied  myself 
by  the  study  of  pre])arations  from  the  Human  brain,  through  the  processus 
cerebelli  ad  cerebrum,  as  well  as  to  the  outer  side  of  it  (  Cla/rke^  Dean)  (fig. 
278,  left-hand  side  D). 

3.  From  the  corpus  restiforme  (fig.  278,  St). 

4.  From  the  anterior  auditory  nucleus  (/S^^iZ^m^),  which  again  plays  the 
part  of  a  connecting  link  between  the  fibres  of  the  root  of  the  nerve  and 
the  medullary  substance  of  the  cerebellum  (fig.  278,  8'). 

The  posterior  main  root  of  the  auditorius  is  formed  by  the  confluence  of: 

5.  The  superficial  system  of  fibres,  the  strice  medullaresy  which  run  over 
the  surface  of  the  inner  nucleus  of  the  nerve  and  the  peduuculus  cerebellL 
They  pass  as  fibrse  arcuataa,  from  the  inner  division  of  the  pedunculus  of  the 
opposite  side  as  far  as  to  the  raphe,  then  turn  and  run  by  way  of  the  latter 
to  the  surface  of  the  floor  of  the  ventricle. 

6.  The  deep-seated  system  of  fibres,  although,  to  be  sure,  they  pass  over 
the  surface  of  the  pedunculus  cerebelli  of  the  same  side  of  the  main 
root  for  which  they  are  destined,  do  not  appear  on  the  surface  of  the 
floor  of  the  ventricle,  since,  while  conducting  themselves  on  the  side 
where  they  originate  in  the  same  manner  with-  the  fibi^es  which  form  the 
later  stri«  meduUares,  they  do  not,  within  the  raphe,  run  backwards  as 
far  as  to  the  surface.  The  more  posterior  of  the  system  of  de^p- 
rooted*  fibres,  inasmuch  as  they  run  backwards  in  the  raphe  nearly  to  the 
bottom  of  the  median  sulcus,  traverse  in  the  second  part  of  their  course  the 
inner  auditory  nucleus  in  its  entii*e  breadth.  The  more  anterior,  however, 
which  turn  off  from  the  raphe  before  reaching  the  gray  substance  that  forms 
the  floor  of  the  ventricle,  form,  on  the  side  corresponding  to  that  of  the 
emerging  nerve,  fibr»  arcuatae,  which  traverse  the  anterior  corner  of  the 
inner  nucleus,  within  the  limits  of  which,  close  to  the  border  of  the  pedun- 
culus cerebelli,  they  turn  and  direct  their  further  course  backwards.  Passing 
between  the  more  posterior  of  the  group  of  cross-sections  that  occupy  the 
inner  division  of  the  pedunculus  cerebelli,  these  fibres  run  toward  the  floor 
of  the  ventricle,  and  pass,  with  the  rest  of  the  fibres  of  the  posterior  main 
root  of  the  auditorius,  over  the  outer  surface  of  the  corpus  restifonne  (fig. 
280,  the  bundles  of  fibres  lying  between  -ST  and  JST',  and  those  lying  behind 
SFC). 

Finally,  another  set  of  the  fibres  which  form  the  posterior  (exterior)  main 
root  pass  through  the  corpus  restiforme,  as  Clarke  and  Dean  have  shown, 
instead  of  to  the  outer  side  of  it.  This  set  probably  consists  of  fibne 
arcuatae  (Bogenbiindel)  from  the  inner  division  of  the  pedunculus  cerebelli 
of  the  opposite  side.  Like  the  auditory  nucleus  itself,  so  the  fibrsB  arcuatsa 
and  root-fibres  that  are  in  connection  with  it  are  to  be  found  as  far  down 
as  in  the  region  of  origin  of  the  vagus  nerve  (fig.  280   VIII). 

All  the  numerous  fibres  arcuatae  that  are  concerned  in  the  formation  of 
the  auditory  nerve,  lie  beliind  those  fibrse  transversa?  of  the  posterior  divi- 
sion of  the  pons  that  stand  in  connection  with  the  superior  olivary  bodies. 

*  The  orig^mal  text  says  '^  superficial  fibres,*'  but  the  context  plainly  shows  it  to  be 
an  oversight. 
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Tlie  large,  scattered  nerve-cells  of  the  posterior  division  of  the  pons  are 
moreover  in  connection  with  these  fibrte  arcuatse ;  and  if,  as  Deitera  sugges- 
ted, these  cells  are  to  be  regarded  as  outlying  elements  of  the  motor  nuclei 
of  the  facial,  hypoglossal,  vagus,  and  spinal-accessory  nerves,  then  it  may  bo 
that,  in  virtue  of  their  relation  to  the  auditory  tracts,  they  serve  to  establish, 
within  the  limits  of  the  posterior  division  of  the  caudex  cerebri,  a  connec- 
tion between  the  tracts  belonging  respectively  to  the  sound-receiving  and  ^ 
to  the  sound-producing  organs,  whereby  the  excitations  of  the  one  are  re- 
flected upon  the  other. 

The  fact  that  the  perception  of  a  sound  is  able  to  call  out  a  reflex  motion  of  the 
eyes  in  the  direction  whence  the  sound  is  supponed  to  have  come,  reveals  perhaps  the 
physiological  significance  of  a  connection  of  the  kind  jost  described  l^tween  the 
auditory  tract  and  the  nervus  abdncens. 

It  is  in  the  structure  of  the  oblongata  that  we  are  first  able  to  distinguish 
as  a  natural  division  the  above-mentioned  intermedicUe  system  of  nerves, 
which  can  have  been  but  artificially  adapted  by  Deiters  to  the  structure  of 
the  pons  Varolii,  a  system  which  is  really  made  up  partly  of  sensory  and 
partly  of  motor  constituents.  It  embraces  the  9th,  10th,  and  11th  cerebral 
nerves,  whereas  the  12th  nerve  has  the  position  of  an  anterior  (inner),  and  the 
ascending  root  of  the  5th  nerve  that  of  a  posterior  (outer)  nerve-root  (figs. 
280,  281,  X,  XI,  XII,  S  G). 

The  structural  type  which  underlies  the  mode  of  origin  of  the  two  last 
'  mentioned  nerves  finds  expression  again  in  the  region  pf  the  spinal  cord,  in 
the  distinction  of  the  roots  of  the  nerves  into  anterior  and  posterior,  but  the 
type  of  t\ie  intermediate  system  terminates  with  the  formation  of  the  last 
fibres  of  the  root  of  the  spinal-accessory.  The  modes  of  origin  of  the  two 
members  of  this  intermediate  or  mixed  lateral  system,  the  glossopharyngeal 
and  the  vagus  and  spinal-accessory,  bear  so  much  resemblance  to  each  other 
that  they  may  be  described  together. 

The  gray  substance  forming  the  floor  of  the  ventricle,  in  which  the  greater 
number  of  the  nuclei  of  origin  of  the  nerves  in  question  are  embedded, 
pi-esents  on  its  surface,  for  a  certain  distance  below  the  strias  meduUares,  a 
laterally  disposed  elevation,  the  inner  nucleus  of  the  auditorius  with  the 
fasciculi  occupying  the  inner  division  of  the  pedunculus  cerebelli  (fig.  280, 
VIII,  S  F  C),  These  nuclei  disappear  gradually  and  simultaneously  as  they 
approach  the  lower  part  of  the  ventricle,  and  the  fasciculi  of  the  pedunculus 
pass  over  into  fibrse  arcuate  of  the  posterior  division  of  the  oblongata. 

To  the  inner  side  of  the  auditory  nucleus  there  lies,  along  the  median 
line  of  the  ventricle,  an  elevation  that  Clarke  has  lately  designated  as  the 
fasci/mlus  (eminentia)  teres  (fig.  280,  X*  to  X),  and  with  great  propriety,  for 
the  nuclei  of  the  hypoglossus  do  not  at  any  point  reach  to  the  ependyma  in- 
vesting the  floor  of  the  ventricle.  On  the  other  hand,  in  the  region  of  the 
ventricle  as  well  as  when  lying  in  front  of  the  central  canal,  these  nuclei  are 
covered  over  by  the  eminentia  teres  (fig.  281,  the  dark  mass  of  substance 
behind  XIP  and  XIP),  which  is  made  up  of  small  nerve-cells  (21-30  /x  by 
6-9  /a)  and  a  great  number  of  nerve  fibres.  Besides  its  principal  mass,  the 
eminentia  teres  has  to  its  inner  side  a  spindle-shaped  appendix,  its  jhucleus 
merliayius,  lying  close  to  the  median  line.  It  is  made  up  of  the  same  elements 
with  the  main  body.  Tlie  two  masses,  which  are  both  to  be  regarded  as  nu- 
clei of  origin  of  the  nerves  of  the  intermediate  system,  are  most  fully  devel- 
oped immediately  below  the  strite  meduUares,  and  taper  off"  toward  the  lower 
part  of  the  ventricle,  thus  forming  a  club-shaped  body. 
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On  cross-section  preparations  another  formation,  known  as  the  anterior 
projection  (vordere  Ecke)  of  the  gray  substance  forming  the  floor  of  the 
ventricle,  is  to  be  distinguished  from  the  auditory  nucleus  and  the  eminentia 
teres,  between  wliich  two  masses  it  wedges  itself  in.  It  contains,  at  the 
upper  extremity  of  the  oblongata,  Cla/rke^e  two  nuclei  of  t/ie  glossopJiaryngeal 
nerve,  inconsiderable  cell-clusters  made  up  mostly  of  spindle-shaped  elements 
45  fjL  in  length  by  15  in  thickness.  The  outer  of  them  lies  at  the  extremity 
of  this  anterior  projection,  the  inner  1  mm.  further  inwards. 

Lower  down,  this  anterior  projection  of  the  gray  floor  of  the  ventricle 
becomes  the  seat  of  the  posterior  nucleus  of  the  vagus  (fig.  280  -ST*),  a  mass 
in  which  Clarke  again  distinguishes  an  outer  and  an  inner  nucleus. 

This  nuclear  mass,  made  up  of  spindle-shaped  elements  30-45  /i  in  length 
by  12-15  /x  in  breadth,  disposed  with  their  long  axis  directed  towaixi  the 
point  of  origin  of  the  main  root,  is  the  upper  portion  of  the  commoii  nucleus 
of  the  vaffus  and  accessorius  of  Stilling,  and  may  be  regarded,  t^iken  togetJier 
with  Clarke* s  glossopJiaryngeal  nuclei,  as  forming  the  posterior  column  of 
origin  (hintere  UrsprungssaUle)  of  the  mixed  lateral  system,  the  prolonga- 
tion of  which  forms  in  the  spinal  cord  the  base  of  the  posterior  carnu. 
Limited  at  first  to  the  anterior  projection  of  the  gray  floor  (fig.  280),  this 
nucleus  of  origin  of  the  vagus  approaches  nearer  and  nearer  to  the  surface, 
the  auditory  nucleus  and  the  eminentia  teres  becoming  at  the  same  time 
more  and  more  reduced  in  size,  and  appears  finally  as  the  ala  cinerea  on 
the  floor  of  the  ventricle,  where,  having  passed  over  into  the  nucleus  of 
the  spinal  accessory,  it  lies  laterally  from  (and  behind)  the  central  canal  (fig. 
281  AV).  This  common  nucleus  of  the  vagus  and  accessorius  is  surrounded 
by  large  numbers  of  highly  pigmented  nerve-cells,  of  about  the  same  dimen- 
sions with  its  own,  not  very  densely  disposed,  and  has  to  its  outer  side, 
defined  and  bordered  by  fine  fibrillar  coiled  up  in  a  peculiar  manner,  a  cluster 
of  spindle-shaped  cells  only  21-24  /x  in  length  by  6  /x  in  thickness,  that  first 
makes  its  appearance  just  below  the  inferior  extremity  of  the  nucleus  of  tlie 
auditorius,  and  may  be  found  to  be  in  connection,  after  the  closure  of  the 
central  canal,  with  the  commissural  fibres  of  the  obex.  Its  spindle  shajKid 
cells  are  directed  toward  the  point  of  origin  of  the  root  with  which  they  ai-e 
in  connection. 

Some'  distance  anteriorly  to  the  nucleus  of  the  vagus  and  accessorius,  sur- 
rounded by  the  longitudinal  fasciculi  of  the  posterior  division  of  the  oblon- 
gata, lies  the  anterior  column  of  origin  (vordere  CJrsprungssaule)  of  the 
mixed  lateral  system  (fig.  280,  -3?),  an  oblong-shaped  nucleus  separattMi  by 
an  interval  of  3  mm.  from  the  ventricular  gray  substance.  It  is  made  up  of 
multipolar  nerve-cells  GO  /x,  in  length  by  21  /i  in  thickness,  and  among  them 
run  the  fibrse  arcuatse  concerned  in  the  formation  of  the  posterior  columns 
of  the  oblongata,  with  which  their  long  processes  evidently  enter  into  con- 
nection. Deiters  recognized  the  true  nature  of  this  nucleus,  to  judge  from 
his  indistinct  mention  of  certain  motor  vagus  roots,  whereas  Clarke,  in 
consequence  of  his  having  misconceived  the  nature  of  the  inferior  facialis 
nucleus,  looked  upon  this  as  a  prolongation  of  the  latter,  i,  e,,  of  his  motor 
nucleus  of  the  5th  nerv«. 

This  nucleus  is  to  be  carefully  distinguished  from  that  of  the  lateral 
column  of  the  oblongata,  which  lies  farther  backwards  and  outwards,  and  of 
which  mention  was  made  above  in  the  course  of  the  description  of  the  cell- 
cluster  formation. 

This  anterior  nudetis  of  omgin  of  the  mixed  lateral  system  takes,  in  the 
oblongata,  the  place  o^ processus  lateralis  of  the  anterior  column  of  the  spinal 
cord.     From  this  nucleus  spring  part  of  the  upper,  from  the  processus  late- 
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ralis  the  lower,  iibi-es  of  ongin  of  the  lateral  system,  i,  e,y  the  nervus  acces- 
sorius  (fig.  284  XI), 

In  dose  apposition  with  the  anterior  border  of  the  root  of  the  5th  nerve  lies  an 
elongated  collection  of  rather  densely-packed,  quite  large  spindle-shaped  cells,  disposed 
after  the  fashion  of  radii,  that  seem  sdso  to  belong  among  the  nuclei  of  origin  of  the 
system  under  consideration. 

The  nuclei  of  the  lateral  system  are  in  connection  with  the  cms  cerebri: 
1st,  by  means  of  fibr«  rectse  of  the  raphe,  that  pass  over  into  the  system  of 
fine  fibres  that  run  in  curves  through  the  inedian  nuclei  and  the  ennnentia 
teres,  toward  the  central  extremity  of  the  main  root,  and  which  ai'e  men- 
tioned by  Deiters  as  bordering,  but  not  belonging  to,  the  nucleus  of  the 
hypoglossal  nerve  (figs.  280, 281,  X*JR,  XT'  li),  2d,  by  means  of  those  of  the 
jihrce  arcaatoR  lying  in  the  neighborhood  of  tho  ventricular  gi'ay  substance, 
that  pass  from  the  raphe  into  the  common  nucleus  of  the  vagus  and  acces- 
Borius  (StUling,  Schroeder,  Clarke,  Gerlach),  Two  other  fibrous  tracts, 
that  connect  the  cms  cerebri  with  the  lateral  intermediate  system  of  the 
oblongata,  pass  by  a  direct  course  into  the  roots  of  the  nerves  concerned. 
They  will  be  the  first  to  be  mentioned  in  the  enumeration  of  the  roots  of  the 
lateral  mixed  system. 

These  are :  1.  The  ascending  common  root  of  the  nervi  glossopharyngeus, 
vagus  and  a^cessorivSy  the  solitary  fasciculuSj  recognized  even  by  /Stilling 
and  Le'nhossek,  that  in  the  region  of  the  \entricle  lies  close  to  the  inner 
border  of  the  pedunculus  cerebelli,  further  down  close  to  the  inner  border 
of  the  posterior  column  (fig.  280,  not  specially  designated,  281,  IF).  The 
fibres  that  make  up  this  fasciculus  emerge  from  the  raphe  a  short  distance 
above  the  place  of  decussation  of  the  anterior  pyramids,  within  the  region  of 
origin  of  the  accessorius  roots  (fig.  281).  They  are  probably  derived  from  the 
anterior  pyramids,  i.  e.,  from  the  basis  cruris  cerebri.  In  passing  from  the 
raphe,  they  form  the  second  set  of  the  fibras  arcuat^e  (counting  from  behind  for- 
wards), and  then  become  collected  into  the  above-mentioned  ascending  root, 
which,  after  reaching  the  region  of  origin  of  the  vagus,  ceases  to  receive 
additional  fibi-se  arcuatse.  This  fasciculus  contains,  especially  along  its 
border,  small  nerve-cells  (21-30  /a  by  9  /i),  through  the  agency  of  which  it 
sends  off  numbers  of  fine,  curving  collections  of  fibres  to  join  the  roots  of 
the  vagus  and  spinal-accessory,  remaining  itself  however  a  bundle  of  some 
size,  even  to  its  upper  extremity,  where  it  makes  a  curve  and  passes  over  in 
to  to  into  the  nervus  glossopharyngeus.  This  curve  is  accomplished  by  the 
aid  of  a  small  mass  of  the  small  nerve-cells  above  referred  to,  that  lie  as  it 
were  in  a  trough  formed  by  this  the  principal  root  of  the  glossopharyngeal 
nerve  (Clarke). 

2.  The  median  roots  of  the  nervus  vagus,  which,  derived  from  certain 
fibrse  rectce  of  the  raphe,  nin  outwards  between  those  roots  of  the  hypoglos- 
sal nerve  that  also  emerge  from  the  raphe  and  the  nucleus  of  the  same  nerve, 
and  pass  over,  as  the  anterior  limiting  fibres  of  the  ventricular  gray  sub- 
stance, into  the  main  root  of  the  vagus  (fig.  280,  X,  X).  In  all  probability 
otlier  members  of  the  lateral  system  besides  the  vagus  originate  in  this  same 
manner. 

3.  The  roots  from  the  ganglia  forming  the  posterior  column  of  origin  of 
the  lateral  mixed  system,  which  has  been  described  as  comprising  certain 
nuclei  of  the  vagus  and  accessorius,  as  well  as  of  the  glossopharyngeus.  The 
root-fibres  passing  off  from  their  respective  nuclei  run  to  the  inner  side  of 
the  ascending  common  root  above  described  (figs.  280,  281,  X^,  XT). 
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4.  Roots  of  the  vagus  which  have  their  origin  in  the  faadcvltis  (eminentia) 
teres  [Clarke), 

5.  Fibres  from  the  gelatinous  substance  (fig.  280,  G)  associated  with  the 
ascending  roots  of  the  5th  nerve,  which  attach  themselves  to  the  main  roots 
of  the  vagus  and  glossopharyngeus,  during  their  pa.ssage  through  the  region 
occuj)ied  by  these  roots  ( Clarke), 

6.  Roots  from  the  anterior  column  of  ongin  of  the  lateral  system,  which 
I  have  been  able  to  trace,  on  almost  every  section  from  the  region  in  ques- 
tion, in  unbroken  continuity  into  the  main  roots  of  the  vagus  and  glosso- 
pharyngeus  (fig.  280,  JT*).  They  form  for  both  these  nerves,  inasmuch  as 
they  run  parallel  with  the  main  root  for  a  certain  distance  toward  the  ven- 
tricular gray  substance  and  then,  before  reaching  the  same,  turn  back  to  join 
the  main  root,  a  soi-t  of  knee  (genu)  analogous  to  the  knee  of  the  facial 
nerve,  from  which  it  is  however  distinguished  by  the  absence  of  the  perpen- 
dicular connecting  piece. 

The  lateral  position  of  this  last  nucleus,  which  is  typically  the  same  witii 
that  of  the  inferior  nucleus  of  the  facial  nerve,  and  the  motor  nucleus  of  the 
5th  nerve,  as  well  as  the  form  and  size  of  its  component  cells,  j  ustify  to  the 
roots  which  spring  from  it  the  designation  of  motor  roots  of  Hie  kUercd 
system, 

7.  The  inferior  roots  of  the  nervus  accessorius  that  spring,  as  far  down 
as  to  the  level  corresponding  to  the  lower  end  of  the  region  occupied  by  the 
decussation  of  the  anterior  pyramids,  from  the  processus  lateralis  of  the 
anterior  column  of  the  spinal  cord,  and,  to  speak  more  exactly,  not  so  much 
from  nerve-cells  that  lie  in  the  same  plane  with  the  main  root  of  the  nerve, 
as  from  more  distant  collections  of  cells  from  which  the  fibres  pass  in  curves 
to  their  destined  positions  {Stilling,  Lerihosseky  Clarke,  Deiters).  Below 
the  region  occupied  by  the  decussation  of  the  pyramids,  the  cells  of  oi-igin 
of  the  accessorius  lie  in  the  meshes  of  the  reticulated  structiu-e  to  the  outer 
side  of  the  processus  lateralis,  into  which  the  respective  part  of  the  anterior 
cornu  is  broken  up  (formatio  reticularis),  and  the  nerve-roots  which,  at  the 
level  at  which  they  first  began  to  make  their  appearance,  directed  their  course 
forwards,  and  at  the  next  lower  level  passed  transversely  through  the  lateral 
column  (figs.  281  -YZ,  284,  -XT),  now  run  in  the  immediate  neighborhood  of, 
and  JDarallel  to,  the  posterior  cornu,  although  always  without  passing 
through  its  gelatinous  substance.  The  last-mentioned  limitation  holds  good 
for  the  collective  roots  of  the  accessorius  (Stilling)  (fig.  281  -XT). 

The  nuclei  of  origin  of  the  nervus  hypoglossus  lie  by  the  side  of  the 
median  line  of  the  tubular  gray  substance,  in  the  region  of  the  open  ventricle 
interiorly  to,  after  the  closure  of  the  central  canal  anteriorly  to,  the  com- 
mon nuclei  of  the  vagus  and  accessorius,  and  lie  further  enclosed  in  the 
roots  of  the  hypoglossus  themselves  at  their  central  extremity.  In  the 
nuclear  mass  on  each  side  of  the  median  line,  an  inner  and  an  o^Uer  nucleus 
are  to  be  distinguished,  lying  side  by  side  (fig.  281  XIP^  XIP)^  and  both 
separated,  by  means  of  the  fibres  which  they  receive  from  the  raphe,  from  a 
collection  of  small-sized  nerve-cells  that  make  up  the  anterior  nucleus,  wliich 
lies  embedded  among  the  fibres  of  the  main  roots  of  the  nerve.  The  large 
outlying  cells  of  the  nuclei  of  the  hypoglossus,  that  are  to  be  found  scattered 
for  some  distance  among  the  fibres  of  the  raphe,  measure  60  ft  in  length  by 
21  /x  in  thickness,  and  lie  with  their  long  axes  parallel  to,  and  in  the  closed 
apposition  with,  the  curves  of  the  coiled  fibi^es  that  are  disposed  within  the 
two  posterior  nuclei  in  a  manner  immediately  to  be  described. 

I  will  preface  this  description,  however,  by  speaking  of  the  connection 
which  exists  between  the  nuclei  of  the  hypoglossus  and  the  posterior  (reflex) 
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division  of  the  oblongata,  traversed  as  it  is  by  fibrte  arcuatae,  which,  besides 
their  other  relations,  take  part  in  the  formation  of  the  posterior  spinal 
columns.  To  the  outer  side  of  the  hypoglossus  roots,  fine  gray  bundles  of 
nerve  fibres  are  to  be  seen  passing  dii'ectly  forwards  in  radiating  lines  from 
the   neighborliood   of  the   nuclei  of  origin  of  the  hypoglossus,  in  which 

Fig.  281. 


Fig.  281.  Transparent  croM-sectu n  from  the  Human  oblongata  ju^t  below  the  level  of 
th^  point  of  the  calamus  Hcriptm^us.  (7,  centi"al  canal ;  P,  anterior  pyramid  ;  O,  inferior 
olivary  body ;  M  E^  nucleus  of  the  lateral  column  not  far  from  its  free  outer  surface 
and  posteriorly  to  the  olivary  body ;  6',  region  of  the  tuberculum  cinereum  Rolando 
(aeoending  roots  of  the  5th  nerve) ;  O^  gelatinous  substance  with  transversely -cut 
fasciculi  of  the  ascending  root  of  the  5th  nerve ;  Z^  the  stratum  zonale,  constituting 
posteriorly  what  remains  of  the  inferior  extremity  of  the  corpus  restiforme ;  11\  pos- 
terior column  of  the  oblongata  with  the  nuclei  of  the  funiculus  cuneatus  ( Ca)^  and  the 
funiculus  gracilis  ( Or)-  5<?,  and  Ot,  external  and  internal  accessory  olivary  bodies. 
/if,  the  raphe ;  MFJ^  MFE^  inner  and  outer  divisions  of  the  motor  district  (anterior 
and  lateral  columns) ;  XII  ^  and  XI P^  coils  of  the  inner  and  outer  nucleus  nervi 
hypoglossi  respectively;  X//,  main  root  of  the  hypoglossus;  XI.  main  root  of  the 
accessorius.  XI^^  nucleus  nervi  accessorii;  XI \  one  of  the  nuclei  accessorii  in  con- 
nection with  the  commissure  contained  in  the  obex  {Ob) ;  W^  the  ascending  root  of 
the  lateral,  mixed  system  ;  A8^  fibras  arcuates. 

without  doubt  they  originate.     They  terminate  in  large  cells  which  lie  with 
their  long  axis  parallel  to  the  course  of  the  fibres,  about  0.25  mm.  anteriorly 
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to  the  nuclei  mentioned,  and  whose  processes  stand  plainly  in  connection 
with  the  fibrsB  transverssa  of  the  region.  These  radiating  fibres  are  largely 
concerned,  by  reason  of  their  decussation  with  the  fibras  transversae,  in 
producing  the  appearance  seen  on  cross-sections,  of  the  division  of  the 
surface  into  minute  districts  which  owe  their  origin  to  the  anastomoses  of 
the  fibrse  transverssB  themselves  (fig.  281,  between  XL  and  XIL)  This 
system  of  fibres,  as  well  as  those  roots  of  the  lateral  system  described  under 
6,  p.  748,  come  under  the  genei*al  head  of  the  radiating  fibres  (Radiarbiin- 
del)  of  the  oblongata,  as  described  by  LenJio89ek, 

The  long  fihrae  rectoe  that  unite  the  nuclei  of  the  hypoglossus  with  the 
anterior  pyramids  apparently  stand  in  connection  with  the  diffused  nudn 
pyramidcdea  of  Stilling^  cell-clusters  which  are  especially  well  developed 
along  the  inner  border  of  the  pyramids,  and  whose  elements  resemble 
exactly  those  of  the  anterior  division  of  the  pons.  These  cell-clusters  are 
at  the  same  time  in  connection  with  certain  fibres  of  the  stratum  zon&le 
that  terminate  interwoven  among  the  fasciculi  of  the  pyramids,  and  it 
therefore  appears  probable  that  the  hypoglossus,  so  far  as  it  is  in  relation 
with  the  anterior  tract  of  the  cms  cerebri,  is  brought,  by  means  of  the  fibres 
of  the  coUicvIiis  pontis  ( Vorbriickchen),  which  still  lies  on  the  surfiEioe  of  the 
pyi-amids,  into  connection  with  the  cerebellum. 

These  fibres  derived  from  the  crus  cerebri  pass  over  then  finally,  after 
being  wound  into  a  coil  within  the  hypoglossal  nuclei,  into  the  root  of  th« 
hypoglosscd  Tterve.  The  central  extremities  of  the  coiled  fibres  are  placed 
in  connection  with  the  fibres  of  the  raphe,  by  means  of  the  most  posterior 
set  of  tYtefihrce  a/rciuitce,  which  are  the  prolongations  of  the  long  fibne  rect« 
mentioned  above.  After  passing  along  the  outer  border  of  the  two  nuclei 
of  the  nerve  in  question,  and  making  their  way  gradually  into  the  substance 
of  the  latter,  where  they  enter  into  connection  with  their  multipolar  nerve- 
cells,  these  coiled  fibres,  originally  fibrse  arcuatsa,  emerge  from  the  same 
nuclei  along  their  inner  border,  and  join  the  main  root  of  the  nerve,  which 
runs  for  the  most  part  between  the  respective  pyramid  and  olivary  body, 
but  to  some  degree  through  the  substance  of  the  olive,  to  the  outer  sur&ce 
of  the  oblongata.  The  not  infrequent  occurrence  of  an  apparent  sudden 
tei*mination  of  some  of  these  fibres,  during  their  passage  through  the  olivary 
nucleus,  led  Lenliossek  and  Schroed^r  v.  d.  ITolk  to  the  erroneous  belief  in 
the  existence  of  a  connection,  by  means  of  the  so-called  pedunculus  oliv», 
between  the  nervus  hypoglossus  and  the  olivary  body. 

All  observers,  lately  also  Gerlach^  describe  a  direct  passage  of  fibres  from 
the  crus  cerebri  into  the  hypoglossus  by  way  of  the  raphe.  These  fibres, 
which  become  the  innermost  of  those  composing  the  roots  of  the  nerve, 
make  their  way  transversely  among  the  most  posterior  fasciculi  of  the 
district  occupied  by  the  respective  anterior  column,  describing  curves  which, 
contrary  to  those  described  by  the  fibrae  arcuatie,  have  their  convexities 
directed  backwards  (fig.  281,  XIL) 

It  is  at  the  same  time  not  to  be  proved,  especially  as  regards  their  passage 
through  the  raphe,  that  these  fibres  are  not  interrupted  in  their  course  by 
nei-ve-cells,  like  the  rest.  Supposing  them,  however,  to  pass  uninterrupted, 
we  have  no  more  than  a  repetition  of  one  of  the  modes  of  origin  of  the 
facial  nerve. 

Gerlach  has  described  a  set  of  very  fine  commissui-al  fibres,  that  pass 
between  the  hypoglossal  nuclei  of  the  two  sides,  through  the  gray  substaDce 
that  occupies  the  median  line,  posteriorly  to  the  anterior  columns,  and 
Clarke  has  demonstrated  on  longitudinal  sections  a  connection  lying  within 
the  central  tubular  gray  matter,  between  the  common  nucleus  of  the  fodaliB 
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and  abducens,  and  the  nuclei  of  the  hypoglossus.  It  is  certain  that  many 
obscure  anatomical  details  respecting  connections  of  this  kind  are  still  to 
be  discovered,  which  will  throw  much  light  on  th©  underlying  mechanism 
of  the  phenomena  of  co-ordinated  reflex  motions. 

The  fibnB  arcaatee  of  the  posterior  division  of  the  oblongata  constitute,  above  the 
region  oocnpied  by  the  decussation  of  the  pyramids,  seven  sets,  cmintivgfrom  before 
l>aclnrard»t  which  stand  in  connection  respectively  with  the  following  different  parts : 
1,  with  the  corpus  reatiforme ;  2,  with  the  posterior  columns  (funiculi  cuneatus  et 
gracilis) ;  3,  with  the  inner  division  of  the  pedunculus  cerebelli ;  4,  with  the  roots  of 
Uie  anditoiy  nerve ;  5,  with  the  ascending  root  of  the  mixed  lateral  system  ;  6,  with 
the  nuclei  of  the  glossopharyngeus  and  of  the  vagus  and  accessorius ;  7,  with  the 
nuclei  of  the  hypoglossus. 

5.  The  Cerebellum. 


The  cerebellum,  that  nervous  centre  situated  posteriorly  to  the  caudex 
cerebri,  which  played  such  a  prominent  part  in  the  formation  of  that  section 

Fig.  282. 


Pig.  282.  Transparent  section  from  the  cortex  of  (he  ITumfin  cereheUum.  \a,  outer 
portion  of  the  gray  substance  proper ;  16,  inner  portion  of  the  gray  substance  proper 
with  spindle-shaped  cells  and  fibrse  arctmtas ;  2,  the  strattun  of  the  cells  of  Purfdnje  ; 
8,  the  granular  stratum ;  m,  medullary  substance. 

of  the  projection-system  which  has  just  been  the  subject  of  our  considera- 
tion^  keeps  pace  in  its  development  much  more  strictly  than  do  the  ganglia 
of  the  tegmentum  and  the  posterior  tract  of  the  caudex,  with  the  cerebral 
lobes.  The  preservation  of  this  relationship  holds  good  more  especially  for 
the  lateral  regions,  the  hemispheres,  of  the  cerebellum,  whereas  the  vermi- 
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form  processes  attain  their  greatest  prominence  in  the  lower  brain  types. 
Within  these  hemispheric  portions  again  it  is  the  anterior  regions  of  their 
upper  sui*face,  the  abe  of  the  central  lobe  and  the  two  anterior  or  quadrate 
lobes,  that  find  in  the  Human  cerebellum  their  highest  development  (Huachke). 

The  gray  substance  of  tlie  cerebellum  may  be  divided  into  three  categories: 
1,  the  c&rtex  cerebelli/  2,  the  nucleus  dentatus,  situated  in  the  medullary 
substance  of  the  hemispheres ;  3,  the  nucleus  tegnnenti  of  tStiUing^  situated 
in  the  medullary  substance  of  the  vermiform  process. 

1.  The  cortex  cerebelli,  Ohersteiner  has  discovered  that  the  three  strata  of 
the  cortex  cerebelli  described  by  J^urkinje  are,  in  the  cerebellum  of  the 
foetus  and  the  new-bom  Child,  enclosed  by  a  fourth  external  stratum  made 
up  of  closely  packed  foimative  cells,  which  subsequently  assume  a  spindle- 
shaped  form,  and  become  transformed  into  the  connective-tissue  fibres  of  the 
innermost  lamina  of  the  pia  mater.  This  enveloping  layer  of  connective 
tissue  supports  the  thickened  conical  extremities  of  the  trabecular  fibres 
that  project  perpendicularly  inwards,  calling  to  mind  the  trabecular  of  the 
retina.  They  have  met  with  special  attention  at  the  hands  of  JS.  Schulze^ 
^ergmann^  and  DeiterSy  and  Ohersteiner  found  them  to  be  in  connection 
with  the  reticular  stroma,  and  traced  them,  in  the  cortical  substance  of  a 
cerebellum  where  the  sun^ounding  parts  had  been  washed  out,  as  it  were,  by 
a  destructive  encephalitic  process,  to  the  inner  border  of  the  stratum  of 
purely  gi'ay  substance. 

The  remaining  strata  are  to  be  distinguished  ijito,  1,  that  formed  by  the 
gray  substance  projyer  y  2,  the  intermediate  narrow  stratum  containing  the 
large  cells  of  Purhvnje ,  and  3,  the  iunennost  grayish  red  or  granular 
stratum  (fig.  282,  la,  16,  2,  3). 

The^r*^  stratum  is  very  rich  in  a  reticulated,  molecular  basement  substance, 
exactly  resembling  the  connective  basement  substance  of  the  cerebral  lobes, 
and  is  regarded  by  iStUling  as  nothing  but  a  felting  made  up  of  the  finest 
possible  ramifications  of  the  processes  of  the  ganglion-cells.  Embedded 
therein  lie,  besides  the  apparently  free  nuclei  of  the  connective  tissue,  also 
small  (6-10  /x  in  length),  three-cornered  (pastile-shaped),  and  sometimes 
8pindle-shai)ed  nerve-cells.  Their  protoplasma  is  so  destructible,  that  more 
difficulty  is  met  with  here  than  in  the  cortex  cerebri,  in  determining  the 
true  character  of  the  nervous  elements  of  this  class.  At  the  inner  border 
of  this  stratum,  disposed  aroimd  the  sulci  between  each  pair  of  convolution- 
lamellee,  the  small  nerve-cells  are  to  be  found  elongated  into  spindles  and 
lying  parallel  to,  and  in  connection  with,  a.  layer  of  transverse,  fine  varicose 
nerve-fibres  (fig.  282,  16),  that  certainly  appear  to  represent  a  system  of 
fibrse  propria^  of  the  cerebellum.  It  is  however  impossible  to  pronounce 
unconditionally  upon  their  character,  because,  as  will  be  explained  below,  it 
is  precisely  around  the  bottom  of  the  sulci  that  the  processes  of  the  gi*eat 
cells  in  the  neighborhood  are  found  disposed  transversely,  and  it  may  be  tliat 
they  constitute  the  fibres  in  question.  Whatever  be  their  nature,  it  is  cer- 
tain that  they  are  in  connection  with  the  small  cells  above  referred  to. 

The  middle  sl/raium  of  the  cortex  cerebelli  is  made  up  of  the  great  nerve- 
cells  of  JPurkinje  disposed  side  by  side  and  forming  but  a  single  row  (^, 
282,  2).  The  colossal  bodies  of  these  cells  (GO-70  /x  in  length  by  20-30  fjL  in 
thickness)  appear  generally  inflated  and  devoid  of  processes  on  the  side 
towards  the  granular  stratum,  whereas  the  gi*eat  processes  which  are  directed 
outwards  are  always  visible.  According  to  JCollikery  Deiiers,  Ivoschetonikoff 
and  Hadlichy  from  the  inner  side  of  each  cell  springs  one  and  only  one  pro- 
cess, which,  according  to  the  last  three  authorities,  passes  over  without 
branching  into  a  meduUated  nerve-fibre.     Stilling  however  has  observed  a 
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number  of  such  processes,  and  Gerlach  has  found  them  to  be  in  connection 
with  the  granules  already  referred  to.  Iladlich  on  the  other  hand  considers 
the  fibrilhe,  which  stand  in  connection  with  these  granules,  to  be  the  ulti- 
mate ramifications  of  the  finely-striated  processes  of  the  great  cells  that 
occupy  the  gray  substance  proper,  whose  terminal  branches  had  already  been 
observed  by  Obersteiner  to  tuni  back  upon  themselves  on  arriving  near  the 
outer  surface  of  the  cortex,  and  to  enter  a  network  of  fibres  with  which  the 
granules  in  question  are  united.  He  adduces  in  favor  of  this  belief  the 
fietct  that  at  the  summit  of  each  convolution-lamella,  where  the  cells  of 
PwrJdnje  occur  in  the  greatest  number,  the  granular  stratum  attains  its  great- 
est development,  whereas  in  the  neighborhood  of  the  bottom  of  the  sulci, 
where  the  number  of  the  cells  is  small,  the  granular  stratiim  is  thinner  than 
at  any  other  point.  According  to  Obersteiner^  the  cells  of  Purkinje  unfold 
their  many  branches,  which  appear  on  section  disposed  like  the  antlera  of 
a  Deer,  in  one  and  the  same  perpendicular  plane,  each  cell  giving  rise  not  to 
a  cone  of  fibrill»  but  to  a  system  of  ribs  of  a  leaf,  as  it  were,  so  that  the 
foliated  arrangement  which  characterizes  the  structure  of  Uie  medulla  cere- 
belli  would  find  its  expression  also  in  the  structure  of  the  cortex.  Finally 
it  has  been  shown  by  Obersteiner  and  Iladlich  that  the  divergence  in  a 
transverse  plane  of  the  primary  processes  of  certain  of  the  cells  of  Purkinje, 
in  virtue  of  which  they  stretch  themselves  parallel  to  the  sur&ce  of  the  cor- 
tex, as  is  strikingly  appai'ent  when  they  are  compared  with  the  processes  of 
the  other  cells  that  shoot  directly  toward  the  surface  of  the  cortex,  is 
characteristic  of  a  type  of  ramification  which  prevails  only  among  those  cells 
that  occupy  such  portions  of  the  cortex  as  immediately  siuTound  the  sulci. 

The  large  cells  themselves  seem  to  me  to  be  enveloped  in  a  somewhat 
loosely  fitting  capsule  composed  of  a  hyaline  substance,  which  extends  to 
beyond  the  point  of  emergence  of  the  processes.  Obersteiner  regards  this 
capsule  as  a  network  of  connective-tissue  fibres,  in  which  the  cell  is  loosely 
enclosed. 

The  innermost  stratum  of  the  coi'tex,  recognized  even  by  Purkinje^  and 
subjected  to  a  careful  investigation  by  6^^^cA,  bears  the  closest  resemblance 
to  the  granular  strata  of  the  olfactory  lobe.  Its  elements  generally  present 
themselves,  on  accoimt  of  the  excessive  delicacy  and  destructibility  of  their 
protoplasm,  as  insignificant  naked  bodies  (6  /x  in  diameter),  the  nature  of 
which  has  been  interpreted  in  threefold  manner.  Gerlacli  and  ITolliker 
believed  them  to  be  connective- tissue  elements,  although  Gerlach  at  tlie 
same  time  described  them  as  enclosed  by  the  inner  processes  of  the  great 
nerve-cells.  HevUe  and  Merkel  looked  upon  them  as  lymphoid  elements. 
Stilling  regarded  them  as  very  small,  multipolar  nerve-cells,  united  together 
into  a  reticulum.  The  protoplasm  in  which  these  bodies  are  really  envel- 
oped, and  from  which  proceed  a  number  of  processes  that  remain  for  some 
time  without  ramifying,  although  often  enough  well  marked  under  other 
circumstances  (fig.  258,  e),  appear  in  the  cerebellum  of  the  new-born  Infant 
(as  Dr.  Fries  of  Vemak  has  demonstrated  to  me)  very  distinctly  defined  and 
of  a  peculiar  uniform  clearness,  which  causes  these  elements  to  call  strongly 
to  mind  those  making  up  the  inner  granular  layer  of  the  retina. 

The  medullary  substance  of  the  cerebellum  is,  within  the  limits  of  the 
convolutions,  rich  in  bodies  resembling  free  nuclei,  but  which  are  probably 
in  part  outlying  elements  of  the  gi*anular  stratum.  A  considerable  part  of 
them  are  however  to  be  looked  upon  as  connective-tissue  corpuscles,  as  cer- 
tain pathological  changes,  the  same  with  those  referred  to  at  p.  %^2y  have 
enabled  me  to  satisfy  myself  completely. 

According  to  /Stilling ^  the  medullary  fibres  of  the  cerebellum  become  woven 
48 
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together  into  a  network,  a  mode  of  disposition  which  is  incompatihle  witb 
the  requirements  of  isolated  conduction.  The  existence  of  such  a  structure 
has  not  been  confirmed  by  any  other  observer,  and  one  cannot  help  conclud- 
ing that  he  mistook  a  reticulum  of  connective  tissue  for  nerve-fibres,  a  mis- 
take that  might  easily  be  made  in  dealing  with  preparations  such  as  he 
employed,  which  have  not  been  made  transparent,  and  where  the  lines  are 
obscured  by  the  altered  medullary  sheaths.  Indeed  Stilling  himself  brings 
a  powerful  argument  to  bear  against  the  existence  of  such  a  universal  con- 
nection between  the  nerve-fibres,  by  calling  attention  to  the  fact  that  the 
hardened  medulla  cerebelli  admits  of  being  so  easily  split  up  into  simple 
lamellae. 

2.  The  mbclei  dentcUi  discovered  by  Yieussens,  lying  near  the  lower, 
medullated  surface  of  the  cerebellum,  which  roofs  over  the  4th  ventricle, 
consists  of  lamellae  of  gray  substance  0.3  mm.  in  thickness,  which  in  Man 
are  thrown  into  intricate  folds,  and  each  of  them  is  provided,  on  its  lower 
and  inner  surface,  with  a  hilus  through  which  its  nerve-fibres  find  admission. 
By  reason  of  being  in  the  Human  cerebellum  so  finely  plaited,  these  nuclear 
masses  bear  a  very  striking  resemblance  to  the  inferior  olivary  bodies,  and 
the  nerve-cells  of  the  two  (30  /x  in  length  by  1 2  /x  in  thickness)  resemble 
each  other  exactly.  Further,  certain  rmclei  dentati  accessorii  are  to  he 
detected  lying  somewhat  inferiorly  and  anteriorly  to  the  main  nuclei,  to 
which  they  are  inferior  in  size.  The  lamellae  of  gray  substance  of  which 
they  consist  are  thicker  than  those  first  described  (0.6  mm.),  and  they  are 
made  up  of  larger  elements  (45  /jl  in  length  by  15  /i  in  thickness).  The  folds 
of  the  latter  nuclei  are  less  fine  and  less  closely  disposed  than  those  of  the 
former,  and  the  continuity  of  their  outlines  is  repeatedly  broken  by  the 
passage  of  large  bundles  of  nerve-fibres.  The  nucleus  dentatjis  of  the  lower 
Mammals  (even  (Jf  the  Ape,  fig.  278,  J)  D)  does  not  present  the  same  dif- 
tinctness  of  outline  or  the  same  delicate  foldings  with  that  of  Man,  but 
appears  inflated,  by  an  excessive  quantity  of  connective  tissue,  to  a  simply 
curved  mass  of  gray  substance. 

3.  The  nuclei  tegmenti  of  Stilling  are  two  rounded  masses  which,  in  the 
Human  cerebellum,  lie  beneath  the  central  lobe  of  the  superior  vermiform 
process.  Seen  from  above,  they  have  a  rhomboidal  shape.  They  measure 
5  mm.  in  length  and  breadth  by  2  mm.  in  thickness,  and  by  careful  manipu- 
lation may  be  separated  from  their  surrounding  connections.  They  are 
divided  off  from  one  another  by  a  narrow  lamina  of  medullary  substance  that 
occupies  the  median  line,  and  are  traversed  by  medullary  fibres  in  great 
numbers.  The  large  elongated  nerve-cells  of  which  they  are  made  up  (00 
ft  in  length  by  15  /x  or  more  in  breadth)  exactly  resemble  those  of  the  outer 
auditory  nucleus  (fig.  278,  T). 

What  we  know  of  the  course  of  the  nerve- fibres  in  the  cerebellum  is  but 
fragmentary  and  general.  Stillhig*s  work,  in  which  the  subject  is  treated 
on  a  very  large  scale  and  attention  paid  to  the  minutest  anatomical 
details,  has  not  proceeded  as  yet  beyond  the  consideration  of  the  lingula 
and  the  lobus  centralis.  It  is  established  beyond  a  question,  however,  that 
there  exist,  within  the  medxiUary  substance  of  the  organ  in  question,  sys- 
tems of  fibrce  propriety  i,  «.,  fibi-es  which  have  their  origin  and  termination 
within  the  cerebellum  itself,  besides  the  systems  of  fibres  which  belong  to 
the  processus,  which  pass  to  different  regions  of  the  caudex. 

1.  Fihr€B  proprice.  JBurdachy  Arnold,  and  Stilling  (the  latter  in  conse- 
quence of  the  study  of  cross -preparations)  have  all  ti^en  cognizance  of  tiie 
fibrss  propriss  in  gene^'ol-,  i.  e.,  bundles  of  fibres  passing  festoon-like  firom 
convolution  to   convolution  along  the  surface  of  the  cortex,  disposed  in 
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delicate  laminss.  Stilling  describes  further  certain  more  comprehensive 
special  systems  oi  fibres  proprim  which  unite  together  more  distant  regions 
of  the  cortex  cerebelli.  He  designates  them  as  median  fasciculi.  An  an- 
terior division  of  them  runs,  split  into  two  parts,  from  the  anterior  regions 
of  the  superior  vermiform  process  by  the  shortest  path  beneath  the  nudeua 
tegmenti  directly  to  the  lobuli  of  the  inferior  vermiform  process,  i,  e.,  from 
the  lingvla  to  the  nodvlus.  Another  division  of  these  median  fasciculi, 
whose  course  is  concentric  with,  but  embraces  that  of  the  first  division,  also 
divided  into  two  parallel  parts,  runs  at  first  backwards  in  a  curve  whose 
convexity  is  directed  upwards  towards  the  superior  vermifonn  process,  then 
bends  forward  again  to  terminate  in  the  most  anterior  of  the  convolutions 
of  the  inferior  vermiform  process,  thus  bringing  the  latter  for  the  second 
time  into  connection  with  the  most  anterior  convolutions  of  the  superior 
vermiform  process,  though  by  a  very  circuitous  route.  Besides  these  sys- 
tems of  fibres,  the  cerebellum  encloses  also  a  considerable  mass  of  transverse 
cammissurcU  fibres,  which  probably,  like  the  trabecular  system  of  the  cere- 
brum, unite  together  exactly  symmetrical  regions  of  the  two  hemispheres. 

2.  The  processus  cerebelli.  Of  these  tracts,  as  far  as  they  lie  within  the 
limits  of  the  cerebellum,  the  processus  ad  pontem  and  certainly  a  large  part 
of  the  corpus  restiforme  (outer  division  of  the  processus  ad  oblongatam) 
follow  a  very  simple  course.  Their  component  fibres  decussate,  as  described 
above,  before  reaching  the  cerebellum  itself.  Having  entered  the  cerebellum, 
they  remain,  up  to  the  moment  of  their  entrance  into  the  cortical  substance, 
confined  each  to  its  own  side,  although,  to  be  sure,  in  so  far  as  they  enter 
into  connection  with  the  median  regions  of  the  cortex,  a  part  of  their  fibres 
run  inwards  as  if  about  to  decussate. 

The  relative  position  occupied  by  the  processus  within  the  cerebellum 
itself,  is  determined  by  the  situation  of  the  masses  of  gray  substance  in 
which  they  respectively  terminate.  The  processus  ad.  pontem  and  the 
corpus  restiforme  enter  into  connection  solely  with  the  cortex,  while  the 
processus  ad  cerebrum  becomes  connected  primarily  with  the  nv^^eus  dentalvs, 
and  the  inner  division  of  the  processtts  ad  oblongatam  with  the  nucleus 
tegmenti.  Since  now  the  cortex  occupies  the  most  external  position  of  all 
the  gray  masses,  while  the  nucleus  dentatus  lies  more  centrally,  between 
the  coi-tex  and  the  nucleus  tegmenti,  which  is  the  innermost  of  all,  it  is 
evident  that  the  medullary  substance  of  the  cerebellum  must  be  divided  up 
among  the  different  processus,  in  such  a  manner  that  its  outermost  regions 
are  occupied  by  the  processus  ad  pontem  and  the  corpus  restiforme,  its 
central  regions  by  the  processus  ad  cerebrum,  its  innermost  regions  by  the 
above-mentioned  inner  division  of  the  peduncvlus  (fig.  278,  Jir,  St,  JB,II,^) 

The  nucleus  dentatus  is  further  immediately  covered  over  by  a  smooth 
separable  layer  of  fibres  belonging  to  the  corpus  restiforme,  that  bury 
themselves  in  the  irregularities  of  its  surface  and  perhaps  even  enter  into 
connection  with  its  nerve-cells. 

The  processus  ad  cerebrwn,  that  underwent  their  decussation  within  the 
limits  of  the  tegmentum  cruris  cerebri,  pass,  like  the  other  pix>cessus,  di- 
rectly into  the  substance  of  the  cerebellum,  and  make  their  way  each  to  the 
hilus  of  its  respective  nucleus  dentatus  (Gratiolet),  arrived  within  which, 
its  fibres  diverge  like  radii  toward  the  nerve-cells  that  stretch  out  to  meet 
them.  These  tracts  do  not,  however,  remain  through  their  whole  course 
through  the  cerebellum  to  the  hilus  of  the  nucleus  dentatus,  free  from  ad- 
mixture with  other  systems  of  fibres,  but,  on  the  contrary,  just  as  they  are 
traversed  during  the  free  part  of  their  course  by  fibres  belonging  to  the  5th 
nerve,  so  here  they  are  traversed  in  every  direction  by  fibres  belonging  to 
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the  various  systems  of  the  neighborhood,  and  especially  by  those  belonging 
to  the  inner  division  of  the  pedunculus  cerebelli.  The  fibres  composing 
this  last-mentioned  tract  follow,  to  all  appearance,  a  twofold  course.  Of 
the  innermost  of  them,  one  part  pass  directly  into  the  nucleus  tegmenti 
ventriculi  of  the  same  side,  while  another  part,  curving  along  the  upper 
border  of  this  nucleus,  make  their  way  without  question  into  the  corre- 
sponding nucleus  of  the  opposite  side  (fig.  278,  JI^).  On  their  way  they 
])enetrate  a  narrow  layer  of  nerve-fibres  occupying  the  median  line,  a  sort 
of  raphe,  that  lies  between  the  opposing  nuclei  tegmenti,  and,  inasmuch  as 
the  fibres  of  which  it  is  composed  run  from  before  backwards  {Stiiling^s 
median  fasciculi),  presents  on  section-prepaiutions  a  very  opaque  appearance. 
Within  this  raphe  the  opposing  sets  of  fibres  decussate,  and  each  of  them 
then  makes  its  way  into  the  tegmental  nucleus  of  the  opposite  side  near  its 
lower  border.  Supposing  them  to  pursue  their  course  further  in  the  same 
direction,  it  is  manifest  that  these  fibres  penetrate  next  the  medullary  sub- 
stance of  the  inferior  vermiform  process,  where  they  are  probably  brought 
into  connection  with  the  cortical  substance  of  the  inferior  portion  of  the 
hemispheres,  through  the  agency  of  the  commissures  enclosed  in  this  medul- 
lary substance,  which  find  theii*  way  into  all  the  regions  of  this  section  of 
the  cortex.  The  most  anterior  of  these  commissures  is  the  vduni  meduIJare 
posterius^  that  is  united  by  a  fasciculus  of  the  pedunculus  flocculi  with  the 
coiijex  of  the  flocculus. 

A  second  fasciculus  of  the  pedunculus  flocculi  passes,  as  is  well  known, 
over  the  auditory  nerve  to  the  lateiul  wall  of  the  ventricle,  within  which  it 
takes  an  upward  course,  returning  probably  at  a  higher  point,  in  company 
with  the  pedunculus  cerebelli,  into  the  cerebellum.     (Fig.  278,  l'\) 

The  outer  bundles  of  fibres  of  the  inner  division  of  the  i)edunculus  cere- 
belli (fig,  278,  JjT*)  pass,  after  making  their  way  through  the  processus  ad 
cerebrum,  without  undergoing  decussation,  directly  into  the  cerebellar 
medullary  substance,  leaving  the  nucleus  tegmenti  to  their  inner  side. 

In  short,  the  component  fibres  of  this  iniier  division  of  the  pedunculus 
cerebelli  traverse  the  substance  of  the  cerebellum  in  so  many  different 
directions,  that  they  may  well  be  supposed  to  enter  into  connection  with  all 
sections  of  its  cortex,  as  well  as  with  the  processus  ad  pontem  and  the 
corpus  restiforme. 

The  course  taken  by  the  system  of  fibres  by  which  the  auditory  nerve  is 
represented  in  the  cerebellum  remains,  as  regards  the  question  of  their 
subsequent  decussation,  as  yet  uncertain.  Those  fibres  of  the  anieri<»r 
main  root  of  this  nerve  that,  within  the  limits  of  the  posterior  division  of 
the  pons  Varolii,  do  not  cross  the  median  line  (fig.  278,  8*,  and  the  corre- 
sponding fibres  of  the  opposite  side),  certainly  do  not  decussate  subsequently 
in  the  cerebellum,  but  make  their  way  directly  through  the  processus  ad 
cerebrum  and  the  nucleus  dentatus  of  the  same  side.  Whether  those  fibres 
of  the  anterior  and  posterior  main  roots,  however,  which  do  cross  the  median 
line  within  the  region  of  the  pons,  remain  permanently  in  that  hemisphere 
of  the  cerebellum  into  which  they  first  make  their  way,  and  where  they 
are  not  to  be  distinguished  from  the  component  fibres  of  the  inner  division 
of  the  pedunculus  cerebelli,  is  still  uncertain.  In  fact  it  is  impossible  to 
say  with  certainty  whether  the  collective  fiusciculi  of  this  inner  division  of 
the  pedunculus  do,  or  do  not,  constitute  really  a  part  of  the  auditory  tract. 
However  that  may  be,  certtiinly  those  of  these  fasciculi  which  decussate  as 
described  between  the  nuclei  tegmenti  ventriculi,  must  necessarily,  in  so 
doing,  cross  the  median  line  for  the  second  time,  as  we  have  seen  that  all 
the  component  fibres  of  the   inner   division   of  the  pedunculus   pass  over 
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below,  {.  «.,  wibhin  the  posterior  division  of  the  pons,  into  fibrsa  arcuatw 
(p.  745). 

The  opinion  already  expressed  by  ^oUiJcer  and  Deiters,  that  the  cerebel- 
lum serves  to  establish,  by  virtue  of  the  peculiar  and  varied  an*angement 
of  its  component  fibres,  that  in  general  are  disposed  in  the  form  of  loops, 
an  indirect  communication  between  the  nerve-roots  and  the  cerebrum,  finds 
no  stronger  support  than  in  the  fact  that  the  auditory  nerve,  which  stEinds 
functionally  in  such  intimate  relation  to  the  cerebrum,  probably  buries  itself 
entirely,  so  far  as  its  immediate  connections  are  concerned,  in  the  substance 
of  the  cerebellum.  i 

The  well-known  relation  of  the  cerebellum  to  muscular  sense  presup- 
poses the  passage  of  other  nerve-tracts,  besides  that  of  the  auditorius, 
through  that  nervous  centre,  on  their  way  to  the  cerebrum.  That  the  cere- 
bellum, however,  cannot  represent  anything  more  than  an  important  way- 
station  for  the  impressions  derived  through  the  nerves  of  muscular  sense,  is 
shown  by  the  fact  that  they,  like  sensory  impressions  of  every  kind,  are 
taken  cognizance  of  by  consciousness,  which  thereby,  to  use  Wuudt's  happy 
expression,  gives  the  signal  of  their  arrival  within  the  cerebral  lobes.  Any 
attempt  to  bring  out  of  the  chaotic  mass  of  possibilities  that  is  presented 
to  us,  a  definite  statement  of  the  connections  existing  between  the  various 
systems  of  nerve-fibres  that  come  together  there,  must  necessarily,  with  our 
present  knowledge,  be  limited  to  supplying  suggestions  rather  than  facts, 
and  would  therefore  be  out  of  piece  in  a  treatise  which  pretends  to  regard 
the  subject  from  a  morphological  point  of  view.  From  a  morphological 
point  of  view,  then,  two  facts  only  are  of  interest  in  this  connection,  both  of 
which  tend  to  support  the  theory  that  the  different  systems  of  nerves  are 
diverted  within  the  cerebellum  from  their  original  coui'se.  The  first  of 
these  facts  is  that  observed  by  Obersteiner  and  ITadlichy  tliat  the  secondary 
processes  of  the  great  nerve-cells  of  Purkinje  are  really  so  bent  that  the 
dii'ection  of  their  original  course  is  essentially  changed ;  the  second  has  to 
do  with  the  unique  form  of  these  nerve-cells  themselves. 

The  cells  of  Purkinje  are  in  fact,  in  a  morphological  sense,  bipolar. 
Their  inner  and  outer  ends  may  be  regarded  as  the  rudimentaiy  representa- 
tives of  two  different  types  of  nerve-cells.  In  other  words,  if  it  were  pos- 
sible to  divide  these  great  cells,  "  flask-shaped,"  as  they  are  generally  called, 
into  halves,  and  to  unite  together  the  similar  halves  of  different  cells,  the 
newly  constructed  elements  would  ^iffer  fundamentally  in  their  character. 
Those  formed  from  the  inflated  halves,  the  bodies  of  the  flasks,  that  are 
turned  toward  the  granular  stratum,  each  furnished  (probably)  with  its 
single  slender  process,  would  resemble  those  globular  cell-forms,  almost  devoid 
of  processes,  that  are  found  in  the  spinal  ganglia,  in  the  Gasaerian  ganglion, 
and  in  the  descending  roots  of  the  5th  nerve  {y,  p.  705),  in  connection  with 
aenaary  nerve-roots.  Those,  on  the  other  hand,  formed  from  the  union  of 
the  outer  halves,  the  necks,  of  the  flask-shaped  cells,  that  taper  off  gradually 
into  the  massive  processes  which  are  directed  toward  the  outermost  stratum 
of  the  cortex,  would  resemble  the  elongated  cell-forms,  furnislied  with  a 
number  of  large  processes,  that  make  up  the  nuclei  of  origin  of  the  motor 
nerve-roots. 

Each  of  the  cells  of  Purkinje  therefore  (if  it  be  taken  for  granted  that 
their  inner  processes  do  really,  as  DeUera^  ICoacJiewnikoffy  ITadlich  have 
affirmed,  pass  over  without  branching  each  into  the  axis  cylinder  of  a  nerve) 
may  be  supposed  to  be  in  connection,  through  that  extremity  which  has  the 
form  characteristic  of  the  sensory  cell,  with  a  centripetal  nerve-fibre^  and 
through  that  exti*emity  which  has  the  form  characteristic  of  the  motor  cell. 
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aud  from  which  the  branching  processes  proceed,  with  severed  centrifugal 
nerve-fibres.  We  have  seen  moreover  that  of  the  two  processus  cerebelli, 
the  corpus  restiforme  and  the  processus  ad  pontem,  the  former,  which  con- 
tains the  fewer  nerve-fibres  of  the  two,  is  the  continuation  of  the  posterior 
column  of  the  spinal  cord,  while  the  latter,  by  far  the  richer  of  the  two  in 
nerve-fibres,  is  in  connection  with  the  basis  cruris  cerebri,  a  motor  nerve- 
tract,  i,  e.y  so  far  as  it  is  derived  from  the  nucleus  lenticularis  and  nucleus 
caudatus.  In  fact  the  ratio  of  these  two  tracts  to  one  another,  in  point  of 
size,  seems  about  equal  to  the  ratio  of  the  two  varieties  of  tfte  ntrve-cell  pro- 
cesses to  one  another  in  point  of  number ^  whereby  an  additional  reason  is 
furnished  for  regarding  each  of  the  large  cells  in  question  as  a  node,  an 
articulating  joint  as  it  were,  serving  to  effect  the  transition  of  a  nerve  of  a 
certain  kind  into  a  number  of  other  nerves,  whose  functional  significance  is 
the  opposite  of  its  own. 

6.  The  Transition  from  the  Structural  Type  of  the  Oblongata  to  that 
OF  THE  Spinal  Cord. 

We  have  seen  that  in  the  region  of  the  oblongata,  inasmuch  as  it  was 
divisible  into  an  anterior  and  a  posterior  tract,  the  same  duplex  organizar 
tion  prevailed  as  throughout  the  entire  caudex  cerebri,  where  it  first  found 
expression  in  the  general  division  of  the  cerebral  ganglia  into  two  groups, 
and  more  strikingly  in  the  division  of  the  cms  cerebri  into  6a*w  and  teg- 
mentum.  We  have  seen  fui'ther  that  the  arganization  of  the  eras  cerebri 
was  modified  by  the  arrival  of  a  certain  system  of  nerve-fibres,  the  pedtuir- 
cuius  cerebelli,  which  took  paH  in  the  organization  of  the  medulla  oblongata 
by  furnishing,  on  the  one  hand,  the  greater  part  of  the  fibrio  arcuatas 
of  that  legion,  and  on  the  other  hand,  certain  masses  of  ganglionic  matter 
which  stand  in  connection  with  its  fibres,  and  which  occur  partly  in  the 
compact  form  of  the  olivary  bodies,  and  partly  in  the  form  of  the  systems 
of  scattered  cells. 

The  organization  of  the  spinal  cord,  the  formation  of  which  we  are  about 
to  trace,  differs  from  that  of  the  oblongata  in  four  respects,  which  are  as 
follows:  While  the  oblongata  is  made  up  (1)  of  the  continuation  of  the 
anterior  and  posterior  tracta  of  the  cms  cerebri,  to  which  (2)  a  third  tract, 
the  pedunculus  cerebelli,  is  subsequently  added,  the  columns  of  the  spinal 
cord,  which  are  formed  from  these  three  fibrous  tracts,  constitute  a  sym- 
metrical, essentially  homogeneous  and  continuous  investing  sheath  of  nert^e- 
fibres^  which  does  not  present  the  least  trace  of  the  three  tracts  tliat  charac- 
terize the  organization  of  the  oblongata,  nor  of  the  two  tracts  of  the  cms 
cerebri.  Further,  while  (3)  in  the  region  of  the  upper  half  of  the  oblongata 
the  central  tubular  gray  matter  is  spread  out  to  form  the  floor  of  the  4th 
ventricle,  within  which  the  nuclei  of  origin  of  the  sensory  and  motor  nerve- 
roots  lie  side  by  side,  or  inwardly  and  outvxirdly  with  respect  to  the  median 
furrow  of  the  ventricle,  in  the  spinal  cord,  on  the  contrary,  this  same  gray 
matter  is  so  disposed  as  to  enclose  a  narrow  opening,  the  central  canal,  and 
the  sensory  and  motor  nuclei  are  an*anged  one  behind  the  other,'  or  in 
other  words  anteriorly  and  posteriorly  to  this  central  opening.  Finally  (4), 
in  the  place  of  the  many  and  varied  masses  of  gray  matter  of  the  oblongata, 
the  central  tubular  gray  matter  of  the  spinal  cord,  disposed  as  just  described, 
forms  the  only  and  single  ganglionic  mass. 

These  morphological  differences  are  removed  essentially  through  two  im- 
portant processes,  viz.,  through  the  process  which  effects  the  formation  of 
the  posterior  columns  and  the  consequent  enclosure  of  the  cerUral  caned 
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which  takes  place  within  the  limits  of  the  upper  half  of  the  oblongata,  and 
through  the  decussation  of  the  anterior  pyramids  which  occurs  within  its 
lower  half. 

1.  The  endosure  of  the  centred  canal.  Below  the  transverse  line  drawn 
through  the  widest  part  of  the  4th  ventricle  (v.  fig.  280)  the  fasciculi  of 
the  coi-pus  restiforme,  i. «.,  the  outer  division  of  the  pedunculus  cerebelli 
{J£I^  C)y  resolve  themselves  gradually,  as  we  have  seen  (p.  724,  seq.),  into 
fibr»  ai*cuat^  which  make  their  way  through  the  olivary  bodies  and  finally 
gather  themselves  together,  at  the  inner  side  of  the  opposite  corpus  resti- 
forme, into  the  funiculi  gracilis  et  cuneatus  (the  posterior  column 
of  the  oblongata,  t.  6.,  the  future  posterior  spinal  column),  and  it  is 
evident  that,  in  consequence  of  this  process,  each  restiform  body  must  de- 
crease in  size,  and  each  posterior  column,  which  lies  to  the  inner  side  of  the 
corresponding  restiform  body,  increase  in  size,  at  exactly  the  same  rate.  It 
\&  further  evident  that  if  successive  portions  be  constantly  taken  away  from 
one  end  of  a  given  area,  and  other  portions  correspondingly  added  to  it  at 
the  other  end,  the  area  will  move  in  the  direction  of  the  additions.  In 
similar  fashion  the  pedunculus  cerebri,  by  reason  of  the  constant  additions 
made  to  its  inn^r  division,  the  posterior  column,  and  the  constant  deduction 
from  its  outer  division,  the  restiform  body,  gi'adually  moves  inward  toward  the 
median  line.  In  so  doing  it  necessarily  diives  inwards  before  it  the  ex- 
ternal column  of  nuclei,  the  sensory  portion  of  the  gray  substance  that  forms 
the  floor  of  the  4th  ventricle,  which  impinges  on  the  newly  formed  posterior 
column,  and  which  gives  origin  to  the  roots,  at  first  of  the  auditory,  lower 
down  of  the  vagus  nerve.  In  the  course  of  this  i)rocess  the  4th  ventricle 
becomes  of  course  deeper  and  deeper,  and  the  above-mentioned  column  of 
nuclei,  which  lay  originally  to  the  outer  aide  of  the  nucleus  of  Hie  hypoglossal 
nerve ^  lies  finally  behind  that  same  nucleus  (comp.  figs.  280  and  281). 
Finally,  crowded  more  and  more  inwards,  these  columns  of  nuclei  of  oppo- 
site siiles,  now  the  posterior  nuA^lear  columns  of  the  central  gray  substance, 
and  after  them  the  o^i^o&xig  posterior  fibrous  columns^  which  have  been  con- 
stantly increasing  in  size  and  thereby  approaching  the  median  line,  are 
resj>ective!y  brought  so  near  each  other  that  their  inner  surfaces  come  into 
contact.  The  apposed  surfaces  of  the  two  columns  of  gray  matter  then  be- 
come fused  together,  whereby  the  enclosure  of  tlie  central  canal  is  finally 
made  complete.  Between  the  two  fibrous  columns,  however,  remains  an  in- 
terval, the  posterior  fissure  of  the  oblongata.  By  this  process  one  step  has 
been  made  toward  the  structure  of  the  spinal  cord  (fig.  281  C).  The  im- 
portance of  this  step  will  moreover  appear  much  more  considerable  if  it  be 
taken  into  consideration  that  in  its  essential  features,  i.  e.,  apai't  from  the 
relative  position  of  its  special  masses,  the  conformation  characteristic  of  the 
gray  substance  of  the  cord  is  to  be  traced  in  the  gray  substance  of  the  ob- 
longata. The  nuclei  of  the  hypoglossus  that  lie  near  the  median  line,  far 
removed  from  the  pedunculi  cerebelli,  remain  unaffected  by  the  change  in 
the  position  of  the  latter,  and  pass  over,  without  changing  their  own  posi- 
tion, into  the  inner  portions  of  the  anterior  cornua  of  the  cord.  Below 
the  level  corresponding  to  the  lower  extremity  of  the  inner  accessory  olivary 
bodies  these  nuclear  masses  give  rise,  no  longer  to  hypoglossus  roots,  but 
to  the  roots  of  the  anterior  cervical  nerves,  beginning  with  the  first  {Still- 
ing). The  processus  lateralis  of  the  anterior  comu  has  likewise  its  repre- 
sentative in  the  region  of  the  oblongata,  viz.,  in  the  anterior  column  of 
origin  of  the  above  described  mixed,  lateral  system  of  nerve-roots.  On 
account  of  the  constantly  decreasing  size  of  the  oblongata,  however,  this 
column  of  nuclei  soon  becomes  unable  to  retain  an  independent  position  so 
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far  removed  from  the  anterior  cornu,  and  finally,  at  the  level  of  the  lowest 
roots  of  the  accessoriuR,  it  becomes  completely  fused  with  the  latter  forma- 
tion. 

The  posterior  cornu,  on  the  other  hand,  is  represented,  even  in  the  ob- 
longata, by  a  coherent  mass  of  gray  substance.  As  it  appears  in  the  spinal 
cord  it  is  made  up  of  the  caput,  the  cervixy  formed  essentially  of  the  pos- 
terior nerve-roots  in  their  passage  outwards,  and  the  trUmffidar'shaped 
basis  which  is  fused  with  the  rest  of  the  central  tubular  gray  matter,  and  to 
which  Goll  has  given  the  appropriate  designation  of  the  trigonum  cervuxd4 
cornu  posterioris.  The  nucleus  of  the  vagus  nerve,  which  forms  the  anterior 
outer  projection  of  the  central  gray  substance  of  the  oblongata,  corresponds 
exactly  to  this  triangular  mass.  The  ccf^put  cornu  posterioris  is  represented 
in  the  oblongata  by  the  gelatinous  substance  which  is  associated  with  the 
ascending  roots  of  the  fifth  nerve.  Finally,  this  gelatinous  subKtance  is 
travei-sed,  as  has  been  mentioned,  by  the  fibres  of  the  main  root  of  the 
vagus,  which  at  their  central  extremity  enter  the  point  of  the  trigonum 
cervicaley  i.  e.,  the  nucleus  of  the  vagus,  and  which  represent,  therefore,  the 
cervix  cornu  posterioris.  The  posterior  cornu  of  the  oblongata,  however, 
although  morphologically  exactly  similar  to  that  of  the  spinal  cord,  instead 
of  being  directed  outumrds  and  backwards,  is  directed  outwards  and  for- 
vxvrds.     The  change  in  its  position  takes  place  as  follows : — 

It  has  already  been  mentioned  that  the  nucleus  of  the  vagus  nerve  (outer 
nuclear  column  of  the  gray  substance)  makes  a  partial  revolution  inwards 
toward  the  median  line.  The  main  roots  of  the  vagus  that  are  in  connec- 
tion with  this  nucleus  also  take  part  in  this  partial  revolution,  and  since 
the  gelatinous  substance  through  which  these  roots  pass  moves  backwards 
in  company  with  them,  the  entire  posterior  cornu  is  thus  brought 
gradually  into  the  transverse  position  which  it  occupies  in  the  lower  half 
of  the  oblongata,  as  is  shown  by  the  direction  of  the  course  taken  by 
the  nerve-roots,  no  longer  those  of  the  vagus,  but  the  posterior  roots  of  the 
cervical  nerves.  (Fig.  284,  left-hand  side.)  Jt  is  now  only  the  gi'eat  thick- 
ness of  the  posterior  fibixjus  columns  interposed  between  the  two  posterior 
cornua  that  prevents  the  latter,  disposed  as  they  are,  like  radii  in  the  cylin- 
drical oblongata,  from  continuing  their  revolution  toward  the  posterior 
fissure,  a;  third  radius,  as  it  were,  or  in  other  words  from  assuming  the 
position  which  they  are  to  occupy  finally  in  the  spinal  cord.  The  great 
width  of  the  posterior  columns  at  this  level  is  due,  however,  not  to  the  great 
number  of  their  component  fasciculi,  but  to  the  presence  of  certain  masses 
of  gray  substance,  tlie  nuclei  of  the  fasciculi  gracilis  et  cuneatus,  and  the 
final  change  in  the  position  of  the  posterior  cornua  is  brought  about  by  the 
disappearance  from  the  posterior  columns  of  these  nuclear  masses,  that  re- 
main embedded  in  them  only  until  the  formation  of  the  posterior  columns 
is  rendered  finally  complete  by  the  accession  of  certain  fasciculi  from  the 
anterior  pyramids.     (Figs.  28 f,  283,  284.) 

At  the  same  time  with  the  removal  of  the  difiference  that  existed  between 
the  structure  of  the  oblongata  and  that  of  the  spinal  cord  in  respect  to  the 
conformation  of  the  tubular  gray  matter,  that  difference,  also,  that  was  due 
to  the  part  taken  in  the  organization  of  the  oblongata  by  the  pedunculus 
cerebelli  is  removed  by  the  passage  of  the  carpus  restifomie  into  the 
posterior  columns.  In  other  woi*ds,  with  the  completion  of  this  process,  the 
systems  oi fibres  an'cuatoe  by  which  it  was  effected  disappear,  and  with  them 
the  collections  of  ^-dkj  matter  with  which  they  were  in  connection,  t,  «.,  the 
olivary  nuclei  of  the  oblongata,  and  the  systems  of  scattered  nerve-cdls. 
Further,  since  the  enclosure  of  the  central  canal  is  directly  de[)endent  upon 
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the  formation  of  the  posterior  columns,  these  two  changes  cannot  be 
studied  as  separate  processes. 

At  that  level  at  which  the  enclosure  of  the  central  canal  is  complete,  the 
conformation  of  the  oblongata  is  such  that  the  following  regions  may  be 
traced  upon  its  outer  surface.     (Fig.  283.) 

1.  On  each  side  of  the  median  line  lie  the  anterior  pyi-amids  (P),  the 
continuation  of  the  basis  cruris  cerebri  as  yet  undiminished  in  size.  2. 
Next  comes  the  outer  surface  of  the  region  occupied  by  the  posterior  divi- 
sion of  the  caudex  cerebri ;  the  continuation  of  the  tegmentum  cruris, 
which  is  destined  to  pass  over  directly  into  the  antero-lateral  column  of  the 
cord  (  Oi —  G).  The  rest  of  the  respective  half  of  the  oblongata,  posteriorly 
to  this  region,  is  occupied  by  the  posterior  column,  on  the  surface  of  which 
the  following  three  formations  may  be  traced.  Bordering  on  the  antero- 
lateral column  lies  (3)  the  gray  mass  of  the  tuberculum  cinereum  Rolando^ 
dimly  visible  through  the  sheath  of  nerve-fibres  that  surround  it.  It  re- 
presents again  the  caput  comu  posterioris,  which,  however,  is  in  no  other 

Fig.  283. 


Fig.  283.  Transparent  crtm-section  from  Hie  inferior  half  of  the  Human  oblongata.^ 
in  the  region  of  the  miperior  decussation  of  the  pyramids.  Cy  the  central  canal ;  P, 
the  inner  and  middle  fajsciciili  of  the  pyramids ;  P' ,  the  outermost  fasciculi  of  the 
pyramids ;  Oy  gelatinous  substance  of  the  tuberculum  cinereum  Rolando ;  H,  pos- 
terior column  ;  Cn^  nucleus  funiculi  cuneati ;  Or,  nucleus  funiculi  gracilis ;  0», 
oliva  accessoria  interna ;  XIT,  roots  of  the  nervus  hypoglossus  ;  Z),  place  of  decussa- 
tion of  the  external  fasciculi  of  the  anterior  pyramids,  that  at  H  pass  to  the  outer 
side  of  the  gray  substance  surrounding  the  central  canal,  losing  themselves  finally  in 
the  funiculi  graciles  et  cuneati ;  A  A,  fibrsB  arcuatas  in  connection  with  the  posterior 
column,  but  not  with  the  anterior  pyramids ;    F,  the  (future)  anterior  column. 

region  so  enormously  developed  as  here.  Cross-section  preparations  show, 
within  and  around  this  gray  mass,  transversely-cut  fasciculi  belonging  to 
the  ascending  root  of  the  fifth  nerve,  that  have  their  origin  at  a  still  lower 
level.     Behind  the  tuberculum  of  Bolando   (4)  is  to  be  seen,  on  cross- 
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sections,  the  triangular  nucleus  of  the  fwnicvlus  cuneattiSy  and  (5)  more  in- 
teriorly, along  the  posterior  fissure,  the  club-sluiped  nucleus  of  the  funicvlua 
gracilis^  both  embedded  in  the  posterior  column.    (Fig.  281.) 

2.  The  Decussation  of  tlie  JPgramids. — Up  to  this  point,  the  presence  of 
the  aiiteiior  pyramids  as  independent  tracts  has  continued  to  give  to  the 
organization  of  the  medulla  a  twofold  character,  which  is  removed  through 
the  following  two  processes : — 

Through  the  first  process,  certain  of  the  outermost  fasciculi  of  the  an- 
terior pyramids  become  associated  with  the  posterior  columns,  and  the  final 
organization  of  the  latter  becomes  thereby  completed.  These  fasciculi 
appear  on  ci*oss-sections  as  delicate,  clearly  defined  lines  (fig.  283  P% 
passing  inwards  behind  the  middle  and  inner  fasciculi  of  their  i*espective 
pyramid  to  the  raphe  (^),  where  they  decussate  with  the  corresponding 
fasciculi  of  the  other  side.  They  then  pass  in  curves  to  the  other  side  of, 
and  \ery  near  to,  the  gray  substance  surrounding  the  central  canal,  forming 
thereby  the  most  inferior  and  posterior  set  of  the  fibrte  arcuatse,  and  lose 
themselves  finally  in  the  posterior  column  of  the  spinal  cord.  This  is  the 
superio7'  sensory  decussation,  and  the  fibres  that  take  part  in  it  run  in 
ddicaie  fasciculL  Clarke,  Luys,  and  Deiters  have  recognized  the  fact  that 
the  posterior  columns  receive  fibres  that  have  decussated  with  the  anterior 
pyramids. 

The  question  as  to  the  plan  of  oiigin  of  these  external  fasciculi,  which 
form  the  prolongation  of  the  outermost  fa£ciculi  of  the  basis  ci-uris  cerebri, 
was  discussed,  p.  679.  Deiters  supports  the  opinion  there  expressed,  by 
affirming  that  the  component  fasciculi  of  the  basis  cruris  cerebri  are  pro- 
longed into  the  anterior  pyramids  without  imdergoing  any  change  in  their 
relative  position,  and  that  the  outermost  fasciculi  of  the  pyramids  must  be 
regarded,  therefore,  as  identical  with  the  outermost  fasciculi  of  the  basLs 
cruris  cerebrL 

These  outermost  fasciculi  of  the  pyramids  probably  do  not,  after  their 
decussation,  become  associated  exclusively  with  posterior  spinal  columns, 
but  undoubtedly  enter  also  into  connection  with  such  of  the  posterior  roots 
of  the  first  pair  of  cervical  nerves  as  have  their  origin  in  that  region,  for  these 
nerves  would  otherwise  not  be  represented,  as  are  all  the  others,  by  fibres 
from  the  anterior  pyramids  that  have  decussated  at  the  median  line. 

On  CToas-sections  from  the  region  which  is  the  seat  of  the  above-described  prooees, 
the  fibne  arcuatse  which  oonndct  the  pyramids  with  the  posterior  colamns  are  endoeed 
(fig.  283,  A  A)  by  such  as  still  remain  of  that  other  system  of  fibne  aiouatse  that 
pass  from  the  pedunculi  cerebelli  to  the  posterior  columns,  as  explained  above.  The 
former  are  to  be  distinguished  from  the  latter  by  their  posterior  position,  by  their 
relation  to  the  well-marked  region  occupied  by  the  decussatinu  {D)  described  above, 
by  the  greater  diameter  of  the  bundles  into  which  they  are  collected,  and  by  the  fact 
that  no  gray  ganglionic  substance  is  inserted  in  their  course  from  tiie  pyramids  to  the 
posterior  division  of  the  oblongata  The  fact  that  these  two  systems  of  fibrse  arcaatse  exist 
side  by  side  with  each  other,  shows  that  only  an  ideal  line  can  be  drawn  between  that 
region  of  the  oblongata  which  is  traversed  by  the  emissaries  of  the  pedunculus  cerebelli, 
and  that  wMch  is  &e  seat  of  the  transition  processes  which  we  are  now  considering. 

The  process  through  which  the  twofold  organization  of  the  caudex  cerebri 
is  finally  and  completely  reduced  to  the  simple  organization  of  the  cord,  con- 
sists in  the  inferior  decussation,  i,  e,,  the  decussation  of  the  motor  fibres  of 
the  pyramids,  gathered  into  coarse  fasdcvli,  which  takes  place  in  the  region 
immediately  below  that  occupied  by  the  superior  decussation,  i.  «.,  in  the 
region  of  origin  of  the  first  and  second  cervical  nerves. 

In  the  course  of  this  process,  by  far  the  greater  part  of  the  fibres  of  each 
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anterior  pyramid  pass,  collected,  as  before  mentioned,  into  thick  £EU5ciculi, 
across  the  median  line  (fig.  284,  D ),  and  lose  themselves  in  the  lateral 
column  of  the  opposite  side.  This  passage  of  the  pyramids  into  the  lateral 
columns  takes  place,  as  Cla/rk^  and  Lenhoasek  have  described  it,  without  the 
intervention  of  ganglionic  substance. 

The  fasciculi  of  the  lateral  columns,  that  at  their  emergence  from  the 
place  of  their  decussation  are  disposed  transversely,  weave  themselves  among 
the  fasciculi  of  those  columns  which  were  already  lying  in  a  longitudinal 
direction,  dividing  them  into  very  small  groups,  which  appear  on  cross-section 
as  small,  defined  districts,  thus  giving  rise  to  the  forTnatio  reticularis,  which 
ceases  to  exist  only  in  the  upper  part  of  the  cervical  poi-tion  of  the  cord 
(Stilling,  Clarke,  Deiters), 

Fig.  284. 


Fig.  284.  Transparent  eroM-section  from  the  Human  oblongata  in  the  region  of  the  in- 
ferior decussation  of  the  pifrnmids.  V,  the  central  canal ;  P,  one  of  the  anterior  pyra- 
mids in  process  of  resolution ;  F,  the  (future)  anterior  column  ;  Z,  the  lateral  column  ; 
i>,  the  decussating  pyramids ;  Cn^  comu  anterius  of  the  gray  substance ;  O^  the 
caput  comu  posterioris  (tuberculum  cinereum)  still  in  apposition,  posteriorly,  with  the 
remains  of  the  nucleus  funiculi  cimeati ;  U^  the  posterior  column ;  XI  (white)  one 
of  the  most  inferior  of  the  fasciculi  belongiug  to  the  root  of  the  nervus  accessorius  ; 
XT  (black),  on  the  left-hand  side  within  the  anterior  comu),  transversely-cut  fasciculi 
belonging  to  the  nervus  accessorius,  destined  at  a  lower  point  to  change  the  direction 
of  their  course  and  pass  out  as  part  of  the  main  root  of  the  nerve. 

This  formatio  i*eticularis,  to  be  sure,  encloses,  in  its  lower  regions,  great 
numbers  of  large  nerve-cells  in  its  meshes,  but  they  are,  as  Stilling,  Lenhos- 
sek,  and  Clnrke  have  affirmed,  only  the  cells  of  origin  of  the  spinal-accessory 
nerve.  A  number  of  nerve-cells  sufficiently  great  to  sen'e  as  the  terminal 
cells  of  so  considerable  a  mass  of  fibres  as  take  paii;  in  the  inferior  decussation 
of  the  pyramids  is  certainly  not  to  be  found,  as  Deiters  affirmed,  in  the  for- 
matio reticularis,  at  least  not  in  Man.  It  must  be  confessed  that  the 
corresponding  collection  of  gray  matter  in  the  inferior  Mammals,  to  .which 
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Deiters  refers  as  affording  more  conclusive  evidence  of  the  validity  of  his 
view,  presents,  far  more  than  does  the  gray  substance  of  the  foi*matio  reticu- 
laris of  Man,  the  appearance  of  being  present  in  sufficient  quantity  to 
interiaipt  the  course  of  the  collective  fibres  of  the  pyramids.  But,  on  the 
other  hand,  the  very  fact  that  in  the  oblongata  of  these  animals  tliis  collec- 
tion of  gray  substance  is  so  abundant,  while  the  pyramids  are  relatively  so 
poorly  developed,  indicates  that  the  two  formations  exist  independent  of 
each  other.  In  truth,  however,  the  great  size  of  this  mass  of  ganglionic 
substance  in  the  oblongata  of  the  Calf  and  the  Cat,  which  seems  to  afford  sup- 
port to  Deiter^  view,  is  due,  not  to  an  increase  in  the  number  of  the  ganglion 
cells,  but  to  an  excessive  development  of  connective  substance,  such  as 
characterizes  in  general  the  brain  of  the  lower  Mammals,  in  contrardistinction 
to  that  of  Man. 

It  is  evident,  then,  that  the  fineness  of  the  component  fibres  of  the  pyra- 
mids, as  compared  with  those  which  make  up  the  lateral  columns  of  the 
cord,  to  account  for  which  Deitera  felt  obliged  to  assume  that  the  course  of 
the  first-mentioned  fibres  was  interrupted  by  nerve-cells,  must  be  the  result 
of  some  change  taking  place  within  the  continuity  of  the  fibres  themselves. 

Clarke  and  Lenlioaaek  confirm  the  opinion  expressed  by  Burdach,  viz., 
that  a  certain  portion  of  the  fibres  of  the  anterior  pyramids  do  not  take  part 
in  the  decussation  and  in  the  formation  of  the  latei*al  columns,  but  pass  over, 
without  crossing  the  median  line,  into  a  certain  gi-oup  of  fibres  belonging  to 
the  antei-ior  columns  of  the  cord  (Burdach's  fundamental  fasciculi  (Grund- 
biindel)  of  the  pyramids).  StUling  and  Deiters  have  not  been  able  to  con- 
firm the  truth  of  this  statement. 

Just  as  the  posterior  roots  of  the  spinal  nerves,  which  have  their  origin  at 
the  level  of  the  decussation  of  the  sensory  portion  of  the  anterior  pyramids, 
are  joined  in  all  probability,  £ls  was  shown  above,  by  fibres  that  have  taken 
part  in  the  decussation,  so  also  are  the  roots  of  the  anterior  nerves,  accord- 
ing to  Clarke's  description,  joined  by  fibres  that  decussate  with  the  anterior 
pyramids  and  penetrate  the  anterior  comu  of  the  gray  substance. 

With  the  passage  of  the  last  of  the  fasciculi  of  the  anterior  pyramids  into 
their  respective  lateral  columns,  the  nerve-fibres  of  the  projection  system,  as 
well  as  its  collections  of  gray  matter,  have  become  arranged  in  accordance 
with  the  stnictural  type  of  the  spinal  cord. 

Inasmuch  as  the  component  fibres  of  the  lateral  columns  are  not  im]ili- 
cated  in  the  decussation  which  takes  place  in  the  anterior  commissure  of  the 
spinal  cord,  it  is  plain  that  they  cross  the  median  line  but  once,  between 
the  anterior  pyi*amids,  of  which  they  originally  formed  a  part,  and  the 
anterior  roots  of  the  spinal  nerves  in  which  they  terminate ;  and  they  are, 
therefore,  manifestly  well  fitted  to  conduct  the  impulses  of  the  will  from  tlie 
cerebral  hemisphere  of  one  side  to  the  muscular  system  of  the  other. 

It  is  my  pleasant  duty  to  acknowledge  gratefully,  before  conclading,  the  intelligent 
and  artistic  afisistance  afforded  me  by  Dr.  Carl  Heitzmann  and  the  artist  Adolf  O^hre, 
of  Viemia,  who  executed  for  me  the  accompanying  wood-cuts,  the  former.  Figs.  253- 
260,  further,  362,  263,  266-269,  282 ;  the  latter,  the  still  greater  number  that  remain 
unmentioned. 
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CHAPTER  XXXIII. 

THK   SYMPATHETIC   NERVOUS   SYSTEM. 

Br  DR.  SiaMUND  MAYER. 

The  so-called  sympathetic  or  vegetative  nervous  system  appears  widely 
distributed  in  the  animal  body,  more  especially  in  those  organs  which  are 
endowed  with  the  functions  of  generative  and  vegetative  life.  The  uni- 
form and  regular  branching  which  is  observed  in  the  oerebro-spinal  nervous 
system  is  much  less  marked  in  the  sympathetic  system ;  only  the  lateral 
cords  of  the  sympathetic  with  the  ganglia  embedded  in  it  in  a  regular  series 
form  a  symmetrica]  type.  Beyond  this  the  cells  and  fibres  of  the  sympathe- 
tic are  distributed  throughoiit  the  body  in  an  irregular  manner,  and,  as  a 
rule,  to  the  vegetative  and  generative  organs.  Whereas  the  cells  of  the 
cerebro-spinal  masses  may,  through  the  cerebral  and  spinal  nerves,  influence 
organs  pi*ovided  with  striated  muscular  fibres  as  well  as  those  having 
smooth  muscles,  the  nerve  cells  of  the  sympathetic  have  as  yet  been  found 
(in  Mammals)  distributed  to  striped  muscular  fibres  gnly  in  the  heart. 

At  an  earlier  day  there  was  great  debate  as  to  whether  the  sympathetic 
was  to  be  looked  upon  as  an  independent  nervous  system,  or  as  a  dependence 
of  the  cerebro-spinal  system.  It  has  however  been  recognized  that  such  a 
discussion  is  aimless.  A  look  at  the  unmistakable  communicating  fibres 
which  are  met  with  between  the  sympathetic  and  cerebro-spinal  systems  can 
leave  no  doubt  in  the  observer's  mind  as  to  the  existence  of  the  closest  re- 
lation between  the  two  sets  of  nervous  organs  The  two  systems  may  pro- 
perly be  regarded  as  functionally  conjoined  organizations ;  only  that  in  the 
cerebro-spinal  system  the  nerve  cells  form  large  masses,  and  that  the  union 
between  its  different  parts  is  effected  by  means  of  fibres  which  do  not  leave 
the  territory  of  the  central  organ,  and  which  preserve  the  characters  of 
central  fibres,  while,  on  the  contrary,  the  nerve  cells  in  the  S3rmpathetic  are 
more  widely  separated  one  from  another,  and  the  union  between  these  cells 
and  between  them  and  the  cells  of  the  cerebro-spinal  axis  takes  place  by 
means  of  peripheral  nerve  fibres.  While  the  principle  of  centralization  of 
elements  is  represented  in  the  cerebro-spinal  axis,  that  of  decentralization  is 
more  pronounced  in  the  sympathetic  system. 

The  sympathetic  is  made  up,  just  as  is  the  brain  and  spinal  cord,  of  cells 
and  fibres ;  and  here  also  the  nerve  fibres  have  their  origin  in  nerve  cells. 

Inasmuch  as  they  present  certain  peculiarities,  it  will  be  necessary  to 
study  more  closely  the  two  elementary  constituents  of  the  sympathetic ; 
although  we  shall  recognize  in  them  the  general  character  of  nervous 
elements  as  laid  down  in  the  thiid  chapter  of  this  work. 

The  ganglion  cells  of  the  sympathetic  are  in  part  joined  together  in  large 
groups,  the  so-called  ganglia;  in  part  scattered  along  the  course  of  nerve 
trunks ;  or  they  lie  disseminated  in  organs.  The  ganglia  of  the  sympathe- 
tic possess  an  envelope  of  connective  tissue  which  sends  prolongations  be- 
tween the  indiviaual  cells,  and  thus  constitutes  capsules  for  the  cells.     The 
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connective  tissue  therefore  forms  a  compartment  structure  in  which  the 
nerve  cells  are  embedded,  and  which  at  the  same  time  supports  the  blood- 
vessels. Each  ganglion  has  an  afferent  and  an  effereut  nerve,  the  fibres  of 
which  take  different  directions  in  the  ganglion ;  a  part  running  from  the 
periphery  to  the  cerebro-spinal  centre,  another  part  in  an  inverse  direction. 
As  yet  there  is  no  character  known  by  which  one  set  of  fibres  may  be  dis- 
tinguished from  the  other.  The  nerve  cells  lie  in  the  midst  of  a  maze  of 
fibres,  so  that  an  insight  into  the  mode  of  union  between  nerve  fibres  and 
nerve  cells  can  be  obtained  only  by  a  minute  study.  Nerve  cells  are  also 
found  scattered  along  the  course  of  small  nerve  trunks,  and  they  here  lie 
either  in  them  or  on  their  sheaths. 

The  nerve  cells  of  the  sympathetic  exhibit  essentially  the  characters  of 
nerve  cells  as  they  have  already  been  desciibed  in  the  third  chapter  of  this 
manual ;  and  they  possess  but  few  peculiarities  by  which  they  can  be  dis- 
tinguished from  the  central  cells  of  the  cerebro-spinal  axis.  Just  as  in  va- 
rious localities  in  the  brain  and  spinal  cord,  nerve  cells  exhibit  variations 
as  regards  shape,  size,  number  of  processes,  configuration  and  number  of  nu- 
clei, etc.,  so  throughout  the  sympathetic  system  nerve  cells  do  not  every- 
where present  the  same  aspect. 
'  Shape.  The  shapes  most  commonly  assumed  by  sympathetic  nerve  cells 
are  the  oval,  round,  pear,  or  spindle-shaped.  Bidder  has  described  cells  from 
the  coeliac  ganglion  which  exhibited  rectilinear  outlines  and  which  were  ar- 
ranged in  rows  like  blocks.  I  have  often  seen  a  similar  formation  in  the 
sympathetic  of  the  Frog. 

Size.  In  one  group  of  ganglion  cells  forming  part  of  one  ganglion 
there  may  be  observed  the  greatest  differences  in  size ;  so  great  indeed,  that 
a  cell  may  lie  next  to  one  which  is  four  times  its  own  size. 

It  has  been  imwarrantably  assumed  that 

Fig.  285.  the  cells  of  the  sympathetic  were  uniformly 

smaller  than  those  of  the  central  nervous 

system ;  but  it  is  easy  to  convince  one's  self 

of  the  error  of  this  assertion,  as  cells  of  the 

largest  size  may  readily  be  isolated  from 

'    Fig.  285.     Three  quadrangular     sympathetic  ganglia.     The   consistence  of 

cells  lyiiig  in  a  row.  these  cells  appears  to  be  semi-fluid.     After 

an  alteration  of  form  produced  by  the  ac- 
tion of  an  external  agent,  they  resume  their  original  appearance  on  the  ces- 
sation of  the  cause ;  a  fact  which  would  seem  to  indicate  that  they  possess 
elasticity. 

With  the  reagents  at  present  employed  we  are  able  to  distinguish  in  sym- 
pathetic nerve  cells  an  envelope,  a  proper  cell  substance,  a  micleus,  and  a 
nucleolus.  The  envelope  or  capsule  of  the  ganglion  cell  is  not  to  be  looked 
upon  as  a  cell  membrane ;  for  it  is  composed  of  connective  tissue  in  which, 
nearly  always,  nuclei  are  embedded.  The  relation  of  this  envelope  of  gan- 
glion cells  to  the  connective-tissue  envelope  of  the  ganglion  has  already  been 
pointed  out.  Upon  the  inner  surface  of  this  envelope  Frantzel  has  discov- 
ered, in  the  sympathetic  cells  of  several  animals  and  of  Man,  a  single  layer 
of  polygonal  paveiuent  epithelial  cells.  Occasionally  the  connective-tissue 
envelope  exhibits  concentric  striation  as  well  as  nuclei. 

Beale  and  Kemak  hold  that  these  peculiar  appearances  of  the  connective- 
tissue  envelope  ai'e  produced  by  nerve  fibres.  J.  Arnold  has  attempted  to 
establish  the  view  that  a  double  envelope  may  be  demonstrated  around  the 
sympathetic  cells  of  the  Frog ;  one  a  derivation  of  the  perineurium  of  the 
nerve  process,  the  other  an  extension  of  the  neurilemma  of  the  derived  fibre. 
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When  cells  are  rendered  absolutely  naked  by  preparation  they  exhibit  no 
sign  of  a  connective-tissue  envelope. 

As  regards  the  substance  of  the  nervous  element,  it  consists  of  an  homo- 
geneous fundamental  substance,  in  which  are  scattered  fine  granulations. 
The  fibrillated  structure  attributed  to  ganglion  cells  by  Max  Schultze  has 
not  been  satisfactorily  seen  by  Arnold  and  Bidder. 

Not  infrequently  there  are  seen  in  the  cell  substance  a  moderate  number 
of  delicate  fibres  proceeding  from  the  jiucleolus  and  nucleus.  These  fibres, 
of  whose  existence  I  myself  together  with  Arnold  and  others  have  long 
been  convinced,  form  a  network,  according  to  Arnold  and  Courvoisier.  The 
assertion  that  this  network  is  composed  of  fibres  traversing  the  cell  sub- 
stance has  been  repeatedly  contested.  KoUiker  believes  only  in  the  exis- 
tence of  a  network  upon  the  outer  surface  of  the  cell,  a  sort  of  sheath. 
But  I,  as  well  as  Arnold,  have  observed  that  these  fibres  are  apparent  in 
cells  which  have  been  separated  from  their  envelope.  Sander  ascribes  the 
origin  of  this  fibre  network  to  rupture  of  the  cell  substance, — an  opinion 
obviously  originating  in  the  study  of  badly  handled  nerve-cells.  Frantzel 
believes  that  the  appearance  of  a  fibre  network  may  be  produced  by  the 
limiting  lines  of  the  polygonal  epithelial  cells  which  Ime  the  interior  of  the 
cell  envelope. 

In  sympathetic  nerve-cells,  and  particularly  well  developed  in  those  of 
Man,  thei*e  exists  a  pigment  of  a  yellow,  or  rusty  brown  color.  As  regards 
distribution,  this  usually  granular  pigment  is  sometimes  scattered  throughout 
the  substance  of  the  cell,  sometimes  accumiilated  in  one  part.  The  micro- 
chemical  characters  of  this  pigment  have  not  been  minutely  investigated. 

The  nucleus  of  sympathetic  nerve-cells  is  large,  well  defined  from  the  cell 
substance,  as  may  be  particularly  well  demonstrated  in  chloride  of  gold 
preparations,  in  which  the  nucleus  by  its  pale  color  contrasts  with  the  violet- 
coJored  cell  substance.  It  has  been  said  that  the  nucleus  is  enclosed  in  a 
membrane ;  a  well-marked  double  contour  having  been  seen  about  it  with 
certain  modes  of  preparation.  J.  Arnold  denies  the  existence  of  a  sj>ecial 
nucleus  membrane ;  and  neither  have  I  been  able  to  convince  myself  of  its 
existence  in  the  course  of  my  numerous  observations  upon  sympathetic  cells 
and  isolated  nuclei.  The  substance  of  the  nucleus  is  not  homogeneous,  but 
contains  delicate  fibres  which  spring  from  the  nucleolus. 

Bemak  long  ago  observed  a  fact  confirmed  recently  by  Guye,  Schwalbe>. 
and  others,  viz. :  that  in  the  sympathetic  of  Rabbits  and  of  the  Porpoise  a 
majority  of  the  cells  presented  double  nuclei ;  an  observation,  the  correct- 
ness of  which  may  be  confirmed  by  the  simplest  preparation  from  a  sympa- 
thetic ganglion  of  the  Babbit.  I  have  also  often  observed  this  double  nucleus 
in  the  sympathetic  cells  of  the  Dog, 
Cat,  Frog,  and  of  Man.     Bidder  Fig. 

has  described  among  the  doubly 
nucleated  cells  of  the  sympathetic 
of  the  Rabbit,  one  in  which  the 
two  nuclei  were  united  by  a  fine 
fibre.  I  can  fully  confirm  this 
observation  of  Bidder  by  my  own 
investigations.  These  fine  fibres, 
which  I  have  thought  it  conve- 
nient to  designate  as  nucleus-  Fig.  288.  Cells  with  two  nuclei ;  one  from 
communication-threads  (Kern-  the  Rabbit,  the  other  from  the  Frog, 
communicationsfaden),  have  been 

observed  by  me  in  nuclei  separated  from  the  cell  substance,  so  that  we 
49 
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may  throw  out  the  possible  errors  of  confusion  with  folding  of  the  cell  en- 
velope, coagulation  of  the  cell  substance,  etc. 

The  position  of  the  nucleus  is  very  variable,  both  as  regards  its  place  in 
the  fundamental  substance,  and  as  regards  its  relation  to  the  second  nucleus 
in  those  cases  in  which  two  nuclei  exist.  Sometimes  the  nucleus  approxi- 
mates to  the  outer  layer  of  the  cell  substance,  sometimes  it  is  embedded  in 
the  midst  of  this  mass.  The  variations  in  the  position  of  double  nuclei  are 
even  gi-eater  ;  they  lie  either  wholly  or  nearly  in  the  same  plane,  or  in  dif- 
ferent planes  near  to  or  above  one  another,  and  separated  by  a  distinct 
bridge  of  cell  substance.  Those  instances  in  which  the  nuclei  lie  near  one 
another  in  the  same  plane,  offer  peculiar  facilities  for  observing  the  aboYO 
described  nucleus-communication-thread. 

Nuclei  as  well  as  cells  exhibit  by  no  means  insignificant  variations  in 
size.  This  cannot  be  overlooked  in  investigations  made  upon  cells  of  gan- 
glia taken  from  different  animals.  By  passing  in  review  the  particularly 
numerous  cells  which  exist  in  the  nervous  plexus  ramifying  upon  the 
abdominal  blood-vessels  of  the  Frog,  there  may  be  seen  in  one  place  large 
cells  with  single  large  nuclei ;  in  another  a  large  cell  with  one  large  nucleus 
and  a  number  of  smaller  ones  (polai'  nuclei,  Courvoisier)  ;  thirdly,  large  cells 
filled  with  a  number  of  small  nuclei ;  fourthly,  small  cells  whose  mass  is 
nearly  all  occupied  by  the  nucleus ;  fifthly,  cells  in  which  a  number  of  small 
nuclei  are  embedded  in  a  small  quantity  of  cell  substance.  AH  these  varieties 
may  be  observed  in  the  Mammalia — Rabbits,  Dogs,  Cats ;  their  frequency 
depending  upon  individual  peculiarities,  I  intend  to  refer  in  detail  to  the 
signification  of  the  above-described  characters  in  another  place. 

The  nucleolus  is  a  structure  which  usually  appears  with  extreme  distinct- 
ness in  nerve-cells.  Especially  in  the  strongly  pigmented  cells  of  the  AduH 
does  it  show  itself  in  brilliant  contrast  to  the  opaque  substance  of  the  nu- 
cleus and  cell.  Its  position  in  the  nucleus  is  a  variable  one ;  similar  vari- 
ations occurring  here  as  have  been  described  in  relation  to  the  position  of 
the  nucleus  in  the  cell  itself.  The  nucleolus  is  by  no  means  rarely  double, 
or  numbers  of  nucleoli  appear  in  the  nucleus,  either  of  uniform  or  of  vary- 
ing sizes.  In  the  nucleolus  itself  other,  but  not  constant  bodies  have  been 
described  by  Beale,  and  the  same  had  some  time  before  been  pointed  out  by 
Mauthner  as  present  in  the  cells  of  the  spinal  cord.  Svierczewski  has  de- 
scribed movements  of  nucleoli  analogous  to  molecular  movements,  which 
may  last  a  long  time  if  the  preparation  be  preserved  from  desiccation. 

Fi^.  287. 

Fig.  287.     Two  multipolar  cells,  one  from  a  Child,  the  other  from  an  Adult 

An  important  character  of  sympathetic  as  well  as  of  central  nerve-cells 
is  the  existence  of  processes  upon  them.  It  was  at  one  time  believed  that 
a  certain  number  of  cells  without  processes,  apolar  cells,  were  present  in  the 
sympathetic ;  but  to-day  the  majority  of  histologists  deny  the  existence  of 
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apolar  cells.  It  is  certain  that  in  the  past  there  was  too  great  tendency  to 
conclude  that  because  cells  were  often  seen  without  processes,  all  cells  did 
not  have  processes.  But,  as  the  facility  with  which  processes  are  torn  off  in 
preparation,  together  with  the  relatively  enormous  mass  of  the  cell  body, 
tended  to  make  observation  difficult,  it  may  be  safely  asserted  that  many  in- 
stances of  so-called  absence  of  processes  were  due  to  the  manipulation  em- 
ployed. 

I  must  nevertheless  maintain  with  Kolliker  that  cells  do  occur  in  the 
sympathetic  in  which  no  trace  of  a  process  can  be  observed ;  as  well  as  no 
trace  of  laceration. 

And  the  cuboidal  cells  already  described  as  arranged  in  rows  have  as  yet 
defied  all  efforts  to  demonstrate  any  processes  on  them,  even  in  Bidder's 
latest  researches.  It  would  seem  probable,  however,  that  these  cells  are  in 
a  stage  of  development,  and  not  exercising  any  functions. 

The  majority  of  sympathetic  ganglion  cells  are  unmistakably  multipolar; 
the  processes  in  part  going  to  form  nerve-fibres,  in  part  constituting  com- 
missures between  the  ceUs  themselves.  In  the  latter  case  the  fibres  are  as  a 
rule  very  short ;  and  the  union  of  two  ganglion  cells 
by  means  of  a  short  bridge  is  seldom  seen,  in  all  pro- 
bability in  consequence  of  the  force  used  in  making  the 
preparation.  A  division  of  the  processes  into  axis 
cylinder  processes  and  branching  processes,  similar  to 
that  established  by  Deiters  for  the  cells  of  the  central 
nervous  system,  has  been  attempted.  Schwalbe  de- 
scribes an  instance  in  which  an  isolated  cell  from  the 
sympathetic  of  the  Cat  showed  the  above  distinction  of 
processes  into  several  branching  processes  and  one  axis 
cylinder  process;  and  Bidder  has  recorded  a  similar 
observation.  I  have  separated  a  cell  from  the  coeliac 
ganglion  of  the  Babbit  which  showed  with  great  dis- 
tinctness besides  several  branching  processes,  two  others  which  at  a  short  dis- 
tance from  the  cell  became  enveloped  with  myeline,  and  which  were  accord- 
ingly to  be  looked  upon  as  axis  cylinder  processes.  It  consequently  appears 
that  the  axis  cylinder  process  is  not  always  single.  A  peculiar  sort  of  uni- 
polar cell  has  been  pointed  out  by  Auerbach.  Two  cells  lying  in  one  sheath 
each  send  out  from  their  opposite  sides  one  process  in  an  opposite  direction. 
This  form  I,  as  well  as  Schweigger-Seidel,  have  not  infrequently  seen  in 
various  parts  of  the  sympathetic. 

A  great  advance  was  made  in  our  knowledge  of  the  processes  of  sympa- 
thetic nerve-cells  by  the  almost  sioiultaneous  discovery,  by  Beale  and  J. 
Arnold,  of  the  fact  that  from  the  narrow  end  of  the  more  or  less  bell-shaped 
nerve-cells  of  the  sympathetic  of  the 
Frog  two  processes  arise.  One  of  these 
processes  runs  a  direct  course  (  Gerade- 
faser  of  J.  Arnold,  straight  fibre  of 
Beale) ;  the  other  winds  itself  spirally 
around  the  straight  fibre  {SpiraJfaaer 
of  J.  Arnold,  spiral  fibre  of  Beale). 
The  straight  as  well  as  the  spiral  fibre 
lies  inside  of  a  sheath,  usually  nucle- 
ated, which  is  the  direct  continuation 
of  the  ganglion-cell  envelope.  On  both 
fibres  there  may  sometimes  be  seen  nuclear  bodies,  such  as  have  often  been 
described  as  present  upon  non-medullated  nerve-fibres.     After  pursuing  in 


Fig.  288.  Two 
cells  united  by  a  short 
commiasure. 


Spiral  fibre. 
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company  a  longer  or  shorter  course,  these  fibres  separate  and  continue  their 
course  in  different  directions.  Both  of  these  processes  are  held  to  he 
nervous,  and  the  strongest  evidence  in  favor  of  this  view  advanced  by 
Arnold  and  Beale,  lies  in /the  fact  that  these  observers  have  both  seen  the 
continuation  of  these  processes  with  unmistakable  dark-contoured  fibres. 

The  relations  of  the  spiral  to  the  straight  fibre  offer  great  variations  in  re- 
gard to  their  size,  and  to  the  number  of  turns  which  the  spiral  fibre  makes 
around  the  straight.  Usually  the  straight  fibre  exceeds  the  spiral  in  thick- 
ness ;  though  instances  have  been  cited  in  which  this  pro}jortion  was  not 
marked,  or  even  was  reversed.  The  spiral  fibre  is  often  multiple  and  ia 
then  of  smaller  diameter  than  when  it  exists  singly.  The  number  of  wind- 
ings is  also  very  variable ;  sometimes  the  spiral  arrangement  is  not  at  all 
evident,  and  the  two  fibres  pursue  a  straight  course  side  by  side ;  while  in 
other  cases  the  spiral  fibre  winds  corkscrew-wise  around  the  straight.  Ac- 
cording to  Beale,  the  spiral  fibre  is  found  principally  on  younger  cells ;  and 
the  number  of  turns  of  the  spii*al  fibre  increases  in  proportion  to  the  age  of 
the  cell.  My  own  researches  in  this  matter  have  convinced  me  that  while 
the  spiral  fibre  is  an  exceedingly  common  attribute,  it  is  not  present  in  all 
sympathetic  cells  of  the  Frog.  In  this  respect  many  individual  peculiarities 
are  met  with,  in  regard  to  which  it  may  be  said  that  they  probably  depend 
upon  the  stages  of  development  through  which  the  cells  happen  to  be  pass- 
ing. 

Amstein  and  KoUmann,  Courvoisier,  Guye,  and  Bidder  substantially 
share  Beale's  and  Arnold's  view  concerning  the  nature  of  both  processes 
springing  from  nerve-cells ;  all  claiming  that  they  are  nervous  structures. 
Schwalbe  is  disposed  to  admit  two  sorts  of  spiral  fibres,  one  of  which,  of 
nervous  nature,  springs  from  the  cell  substance,  and  makes  few  or  no  spiral 
turns  around  the  straight  fibre ;  a  second  which  is  to  be  considered  as  a 
thickening  of  the  sheath  and  is  developed  from  the  fibi-e  network  of  the 
cell.  Krause  considers  the  spiral  fibre  as  an  element  essentially  non-nervous  in 
nature,  and  believes  that  either  it  represents  an  elastic  fibre,  or  that  its  ap- 
pearance is  due  to  foldings  of  the  neurilemma.  The  continuation  of  the 
spiral  fibre  into  a  dark-bordered  nerve  fibre  has  been  satisfactorily  ascer- 
tained, by  the  above-named  investigators  as  well  as  by  Kolliker. 

The  spiral  fibre,  whose  existence  was  first  demonstrated  in  Frogs,  is  said 
by  Courvoisier  to  be  present  in  the  higher  Vertebrata.  In  the  latter,  how- 
ever, the  spiral  windings  of  the  fibre  nearly  disappear,  and  both  fibres, 
straight  and  spiral,  leaving  one  pole  of  a  cell,  pursue  a  more  or  less  parallel 


Since  the  discovery  of  the  spiral  fibre  a  confasion  has  arisen  in  the  nomenclature  of 
cells,  because  some  authors  (Arnold,  Guye)  call  cells  which  give  off  two  different 
fibres  from  one  pole  unipolar;  while  others  (Beale,  Kollmann  and  Amstein)  call  them 
bipolar.  Courvoisier  proposes  to  call  that  part  of  the  cell  whence  start  the  straight 
and  the  spiral  fibres  the  holopole,  twin-pole  (Zwillingspol),  or  simply  pole:  each  indi- 
vidual cell  [fibre  ?]  would  then  have  its  origin  in  a  hemipole.  Cells  with  the  two  fibres 
springing  from  the  same  part  Courroisier  would  call  geminous  pole. 

As  regards  the  mode  of  origin  of  processes,  histologists  are  divided  into 
two  parties,  as  has  already  been  set  forth  in  the  third  chapter  of  this  work- 
While  a  number,  Arnold,  Frantzel,  Amstein  and  Kollmann,  and  to  a 
degree  Bidder,  assert  that  as  observed  by  other  investigators  the  fibre  origi- 
nates in  the  nucleus  or  nucleolus  of  the  cell,  others,  as  Kolliker  and  Schwalbe 
deny  the  existence  of  any  connection  between  the  processes  and  the  nucleus 
or  nucleolus.     Courvoisier  states  that  he  has  traced  the  straight  fibre  well 
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up  to  the  nucleus,  but  he  has  not  seen  it  terminate  in  the  nucleus  or  nucle- 
olus. 

In  the  extremely  large  number  of  cells,  mainly  taken  from  the  sympa- 
thetic of  Mammalia,  which  I  have  studied  with  reference  to  this  point,  I  have 
always  seen  the  processes  take  their  origin  in  the  cell  substance  itself,  the 
cell  substance  prolonging  itself  as  it  wei*e  into  the  process;  and  I  have 
never  observed  any  connection  between  the  process  and  the  nucleus  or  nucle- 
olus. Occasionally,  as  stated  by  Schwalbe,  the  process  at  its  point  of  en- 
trance into  the  cell  substance  is  seen  to  spread  out  like  a  brush.  I  have, 
furthermore,  become  convinced  that  there  very  commonly  proceed  toward 
processes  of  relatively  large  diameter  which  spring  from  the  cell  substance, 
a  second  system  of  delicate  fibres  originating  in  the  nucleus  and  nucleolus. 
These  delicate  processes  are  none  other  than  the  already  described  nucleus 
and  nucleolus  fibrillfiB.  They  run  partly  in  the  direction  of  the  coarse  process- 
es and  partly  pursue  an  independent  course ;  though  it  is  veiy  rarely  that 
these  delicate  structures  can  be  followed  any  distance  beyond  their  point  of 
exit  from  the  cell  substance.      I  have 

once  seen  such  a  fibrilla  merge  into  a  Fig.  200. 

nerve  fibre  beaiing  myeline,  and  Beale 
has  made  mention  of  a  similar  obser- 
vation. The  origin  of  the  straight  fibre 
from  the  nucleolus,  occasionally  seen, 
cannot  with  certainty  be  refeired  to  as 
the  rule.  In  figure  290  is  represented 
a  cell  from  the  sympathetic  of  the  Frog  Yig.  290.  Proceas  running  down 
in  which  the  straight  fibre,  which  ex-  to  nucleus, 
hibits  a  fibrillar  structure  under  a  high 

magnifjdng  power,  extends  through  the  cell  substance  well  into  the  nucleus ; 
though  here  its  mode  of  termination  cannot  be  made  out  with  certainty.  I 
have  no  doubt  but  that  under  more  favorable  conditions  it  will  become  possi- 
ble to  discover  the  mode  of  union  between  the  straight  fibre  and  the  nucle- 
olus. 

Similarly,  unanimity  of  opinion  concerning  the  mode  of  origin  of  the 
spiral  fibre  has  not  been  reached.  Arnold  has  advanced  the  view  that  the 
spiral  fibre  is  developed  from  a  network  formed  in  the  cell  substance  by  the 
nucleolus  fibrillae.  Beale  believes  that  the  spiral  fibre  originates  in  the 
more  superficial  layer  of  the  cell  substance,  where  there  are  usuaUy  accessory 
nuclei.  Courvoisier  in  a  first  publication  received  Arnold's  opinion,  but  in 
a  second  paper  he  does  so  with  a  certain  reservation.  This  author  describes, 
in  addition,  fibres  which  run  from  the  network  of  nucleolus  fibrillsa  to 
neighboring  cells,  and  these  he  calls  commissural  fibres.  Amstein  and  Koll- 
mann  have  indeed  observed  fibres  which  converge  from  the  cell  substance 
toward  the  neck  of  the  cell,  and  out  of  which  network-like  commingling  the 
spiral  fibre  seemed  to  spring ;  they  could  not,  however,  actually  see  any  union 
between  this  network  and  the  nucleolus  fibrillae.  Bidder,  likewise,  has  not 
been  able  to  convince  himself  of  the  occurrence  of  any  connection  between 
the  spiral  fibre  and  the  fibre  network  whose  existence  he  has  maintained. 

We  can  only  conjecture  what  are  the  physiological  attributes  of  these  two 
kinds  of  processes.  The  question,  which  of  the  two  shall  be  considered  as 
the  affei'ent  fibre  (originating  in  the  cerebro-spinal  axis),  and  which  as  the 
efferent  (proceeding  to  the  periphery),  has  been  answered  by  Arnold,  who 
ventures  to  call  the  straight  fibre  afferent  and  the  spiral  fibre  efferent. 
Amstein  and  Kollmann  have  expressed  themselves  similarly.  In  Courvoi- 
sier's  expei'iments,vin  which  he  studied  the  degeneration  following  upon 
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section  of  the  rami  cammunicanteSy  the  straight  fibres  first  became  sclerosed, 
then  the  cells,  and  lastly  the  spiral  fibres.  These  results  are  likewise  in 
favor  of  Arnold's  view.  Contraiily,  Bidder,  reasoning  also  from  section  ex- 
periments on  the  vagus  of  the  Frog,  considers  the  spiral  fibre  as  afferent  and 
the  straight  as  efferent. 

Beale  has  made  a  series  of  observations  upon  the  progressive  and  retrograde 
evolution  processes  continually  taking  place  in  developing  and  developed 
individuals.  His  weightiest  argument  is  based  upon  the  simultaneous  pres- 
ence of  cells  of  the  most  variable  size,  outline,  number,  and  nature  of  pro- 
cesses, etc.,  in  the  sympathetic  of  the  same  individual.  Beale  admits  three 
modalities  of  nerve-cell  evolution.  To  the  first  belong  cells  consisting  of  a 
finely  gi*anular,  nucleated  mass  similar  to  those  of  which  the  embryonic  tis- 
sues are  made  up,  and  which  are  united  to  nerve-fibres.  In  the  second 
place  new  cells  may  be  produced  by  the  division  of  a  nerve-cell ;  and  thirdly 
from  the  nuclei  of  nerve-cells.  Beale's  observations  and  deductions  have  re- 
ceived but  Uttle  notice  in  Germany.  Sander  expi-esses  himself  positively 
against  Beale's  view,  but,  according  to  my  experience  in  this  matter,  with- 
out reason.  The  various  forms  of  ganglion  cells  described  by  Beale,  and 
which  appear  to  represent  different  stages  of  evolution,  may  easily  (though 
not  equally  so  in  all  individuals)  be  seen  in  the  Frog ;  and  as  regards  the 
ganglion  cells  of  the  Mammalia  which  I  have  studied,  there  occur  evidences 
enough  of  the  occuri-ence  in  them  of  evolution  processes,  such  as  the  ex- 
tremely variable  size  of  the  cell  and  its  nucleus,  the  existence  of  dissemina- 
ted finely  granular  masses  with  nimierous  scattered,  brilliant  bodies,  cells 
without  processes  arranged  in  rows,  etc.  I  mean,  at  some  future  time,  to  ex- 
press my  opinion  in  full  upon  these  points,  in  another  work.  In  the  inves- 
tigation of  the  sympathetic  of  the  Frog,  attention  is  esjiecially  di-awn  to  ac- 
cumulations of  small  bodies  composed  of  a  nucleus  and  a  small  amount  of 
cell  substance,  and  which  are  enveloped  in  a  connective-tissue  capsule.  These 
nests  of  cells  exist  together  in  varying  numbei*s,  and  these  are  again  enclos- 
ed in  a  common  capsule  of  connective  tissue,  more  often  nucleated.  These 
nests  are  connected  with  nerve-fibres.  The  structures  just  described  are 
found  in  very  variable  numbers  in  different  individuals. 

Of    the    fibres    of  the    sympathetic    a    number 
Fig.  291.  originate  in   the  cei*ebro-spinal  axis,  others   spring 

from  sympathetic  nerve-cells.  In  the  rami  cofnmu- 
nicantes  we  find  fibres  going  from  the  spinal  cord  and 
the  spinal  ganglia,  as  well  as  some  running  in  a  con- 
trary direction.  The  latter  may  pursue  their  way  to 
the  nervous  centre,  or  to  the  periphery  of  the  body 
by  way  of  the  spinal  nei-ves.  In  the  animals  experi- 
mented upon  by  Courvoisier  (Pigeon,  Babbit,  Frog) 
Fig-.  291.  A  nest  of  ^^®  fibres  of  the  rami  communicantes  were  found  to 
cells.  extend  in  the  lateral  cords  of  the  sympathetic  up- 

ward and  downward  in  about  equal  proportions,  but 
in  the  spinal  nerves  in  the  proportion  of  one-third  cen  tripe  tally,  and  two- 
thirds  centrifugally.  The  fibres  derived  from  the  cei'ebro-spinal  axis  do  not 
merely  traverse  the  sympathetic  ganglia,  but,  as  recently  demonstrated  by 
Courvoisier  by  means  of  section  experiments  on  the  rami  communicanUSj 
and  study  of  the  consecutive  degenerative  processes,  they  are  continuous 
with  the  substance  of  the  cells  composing  the  ganglia.  After  section  of  the 
rami  conimunicantes  the  greater  number  of  fibres  in  the  stump  of  the  sym- 
pathetic undergo  degeneration ;  and  the  cells  likewise  exhibit  the  degenera- 
tive process  in  a  peculiar  manner  described  by  Courvoisier.     The  spinal 
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stump  suffers  only  a  very  limited  sclerosis.  According  to  Courvoisier  there 
is  a  primai-y  and  a  tertiaiy  sclerc^  in  the  sympathetic  end  of  the  raini  com- 
municantes,  the  latter  being  that  which  is  transferred  from  the  afferent  to 
the  effei-ent  fibres  of  the  cells. 

As  regards  the  nature  of  the  fibres  of  the  sympathetic,  the  opinion  is 
now  abandoned  that  the  sympathetic  nervous  system  is  characterized  by 
the  presence  of  medullated  nerve-fibi-es  of  small  calibre  similar  to  those  which 
abound  in  the  cerebro-spinal  axis.  In  the  sympathetic  we  find  widely  dis- 
tributed small  and  medium-sized  double-contoured  fibres,  as  wellfLS  the  various 
kinds  of  non-medullated  fibres.  The  nature  of  these  elements  has  been  fully 
detailed  in  the  third  chapter  of  this  work.  The  so-called  transition  fibres  de- 
scribed by  Courvoisier,  such  as  appear  to  lose  their  myeline  and  again  to  ac- 
quire it,  I  have  not  rarely  seen  in  the  sympathetic  of  the  Frog.  Whether 
these  fibres  are  produced  by  manipulations,  as  asserted  by  several  authors, 
can  only  be  detennined  by  further  researches. 

As  regards  the  distribution  of  the  sympathetic  nervous  system,  its  prin- 
cipal relations,  the  course  of  its  lateral  cords,  number  of  ganglia,  etc., 
full  details  will  be  found  in  works  on  descriptive  anatomy.  Subsequently 
to  the  admirable  researches  of  Kemak  and  Bidder,  sympathetic  ganglion 
cells  have  been  discovered  in  great  number  in  nearly  aU  the  organs  of 
vegetative  and  generative  life. 

In  the  circulatory  apparatus,  the  heart  encloses  ganglion  cells  (Remak, 
Bidder :  compare  also  seventh  chapter  of  this  work),  and  so  do  the  blood- 
vessels (Beale,  Lehmann)  and  the  lymphatic  glands  (Shaffher).  In  the 
coccygeal  gland,  which  according  to  the  latest  studies  in  this  matter  must 
be  considered  as  an  adjunct  of  the  vascular  system,  Luschka  has  described 
ganglion  cells  which  other  observers  have  not,  however,  been  able  to  see. 
Ganglion  cells  occur  throughout  the  whole  extent  of  the  digestive  tract, 
from  the  u})per  part  of  the  oesophagus  downward  ;  lying  in  the  submucous 
connective  tissue  (Remak,  Meissner),  and  in  the  muscular  coat  (Auerbach). 
In  the  mucous  membrane  of  the  stomach,  over  the  lamina  muscularis  mu- 
cosae, Triitschel  has  very  recently  described  a  layer  of  large  multipolar  cells, 
which  are  united  among  themselves  by  means  of  processes,  and  which  are  of 
a  nervous  nature.  In  the  glands  attached  to  the  digestive  apparatus,  the 
salivary  glands  and  the  pancreas,  ganglion  cells  have  been  found  in  great 
number  (Krause,  Schluter),  and  Manz  has  described  them  in  the  ducts  of 
the  liver  and  pancreas. 

In  the  respiratory  apparatus  nervous  elements  are  met  with  in  the  lungs, 
and  in  the  tissues  of  the  larynx  and  trachea.  The  genito-urinary  tract  con- 
tains ganglion  cells,  in  the  bladder  and  ureters,  in  the  testicles,  upon  the 
prostate,  in  the  corpora  cavernosa  (Lovcn),  in  the  uterus  and  in  the  vagina. 
Cranglion  cells  have  been  met  with  in  the  so-called  ductless  glands,  as  the 
supra-renal  capsules ;  and  recently  Fleischl  has  described  them  in  the  thy- 
mus-like  organ  of  the  Frog. 

The  special  senses  exhibit  sympathetic  nervous  elements  in  the  lachrymal 
glands  attached  to  the  optic  apparatus,  and  in  the  ciliary  muscle  (H.  Miiller). 
In  the  striated  muscular  fibres  of  the  iris  of  the  Fowl,  Von  Hiitteubrenner 
has  observed  cells  which  he  is  inclined  to  look  upon  as  nerve-cells.  For  a 
minute  description  of  the  distribution  of  ganglion  cells  in  the  various  organs 
of  the  body,  reference  may  be  made  to  various  portions  of  this  work. 
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CHAPTER  XXXIY. 

THE   ORGANS   OF  TASTE. 

By  TH.  W.  ENGELMAN^r, 

IN  UTRECHT. 

A.    The  Organs  of  Taste  in  Man  and  Mammals. 

Already  for  many  years  past  physiology  has  pointed  out  the  most  promi- 
nent spots  in  Man  where  tie  peripheral  end-apparatuses  of  the  nerves  of 
taste  must  lie :  these  are  the  upper  surface  of  the  root  (especially  the 
papillae  circumvallatae),  the  edges  and  tip  of  the  tongue,  probably  also  the 
anterior  portion  of  the  soft  palate.  Observations  and  experiments  have 
rendered  it  furthermore  probable  that  there  are  different  kinds  of  end- 
apparatuses,  and  that  these  are  not  uniformly  distributed  over  the  regions 
where  the  sense  of  ta^te  exists.  Still  it  is  only  quite  recently  that  micro- 
scopic anatomy  has  acquainted  us  with  organs  in  Mammals  which  we  could 
justly  designate  as  the  end-apparatuses  of*  the  nerves  of  taste.  Chr.  Loven 
and  G.  Schwalbe  discovered,  independently  of  each  other,  in  the  laminated 
pavement  epithelium  which  clothes  the  papillae  circumvallatse  in  the  tongue 
of  Mammals,  numerous  small  microscopic  bud-like  groups  of  cells  which 
stood  with  their  ends  upon  the  twigs  of  the  Nervus  glossopharyngeus ; 
Loven  called  them  taste-bvd^  (Geschmacksknospen)  or  taste-bvlbs  (Ge- 
schmackszwiebeln),  while  Schwalbe  termed  them  taste-beakers. 

These  organs  have  now  been  demonstrated  in  Man,  the  Dog,  Gat,  Cow,  Sheep, 
Roe,  Horse,  Pig,  Hare,  Rabbit,  Guinea-pig,  Rat,  and  Mouse. 

The  taste-buds  (fig.  292)  occupy  cavities  in  the  epithelium  of  the  mucous 
membrane  of  the  tongue,  and  fit  them  perfectly  at  every  point.     The  shape 

Fig.  292. 


Fig.  292.     Taste -bads  from  the  lateral  organ  of  taste  in  the  Rabbit,    ^f  ^ 


of  these  cavities  resembles  a  fiask  with  rounded  belly.     The  bottom  of  the 
flask  rests  upon  the  connective-tissue  surface  of  the  Mucosa ;  the  slender 
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and  generally  shoi-t  neck  of  the  flask  pierces  tlie  homy  layer  of  the  epithe- 
lium and  terminates  at  the  surface  with  a  round  opening — taste-pore y  as  we 
shall  call  it.  Tlie  longitudinal  diameter  of  the  taste-buds — which  always 
exceeds  the  greatest  transverse  diameter — varies  in  Man  from  0.077  to 
0.081  mm. ;  the  greatest  transverse  diameter  is  about  0.0396  mm. ;  the 
width  of  the  taste-pore  is  from  0.0027  to  0.0045  mm.  (Schwalbe). 

The  taste -buds  differ  a  little  in  form  in  the  different  ammals.  In  some  (Ox,  Pig) 
they  are  slender,  their  length  being  almost  three  times  as  great  as  their  breadth ; 
while  in  others  (Rabbit,  Roe)  they  are  more  compact,  the  length  exceeding  but  little 
the  breadth.  The  most  slender,  moreover,  are  asuiolly  the  largest.  The  size  also 
varies  somewhat,  not  alone  in  the  same  species,  but  even  in  tiie  same  individuaL 
Larger  and  smaller  specimens  often  occur  side  by  side,  without  any  regularity  in  their 
arrangement.  I  subjoin  a  few  of  the  dimensions ;  they  were  taken  mostly  fiom. 
Schwalbe^s  statemente : 


Longitudinal  diam.  of  the  buds 

in  millimetres 

Greatest    transverse    diam.    in 

-millirnetTes 

Dog. 

Ox. 

Pig.                   Babbit. 

0.072 
0.0306 
0.0045 

0.172  0.056-0.130 
0.048  0.020-0.052 

0.0450-0.070 
0.03-0.045 

Breadth  of   taste-pores  in  mil- 
limetres   

0.002-0.009           00027 

0.003-0.0045 

In  the  mucous  membrane  of  the  tongue,  the  chief  places  where  the  taste- 
buds  lie  are  the  lateral  slopes  of  the  papiUss  circumvallat».  Here  they 
form  a  broad  girdle  around  the  papilla,  to  the  number  sometimes  of  several 
hundred.  They  are  also  found,  though  not  so  often,  and  then  only  solitary 
examples,  on  the  papillsa  fungiformes.  In  the  Babbit  and  Hare,  moreover, 
there  exists  at  the  root  of  the  tongue,  on  both  sides,  a  large  oval  promi- 
nence, which  is  subdivided  by  some  ten  to  fourteen  deep,  parallel,  trans- 
verse furrows  into  narrow  ridges  (taste-ridges)  that  conceal  thousands  of 
taste-buds.  If  we  make  an  exception  of  the  fungiform  papillae,  which  now 
and  then  carry  taste-buds  on  their  free  surface,  the  organs  of  taste  may  be 
said  to  occur  always  in  parts  of  the  mucous  membrane*  of  the  tongue  which 
are  particularly  protected,  i.  e.,  in  furrows  and  at  the  bottom  of  crevices. 
Thus,  for  instance,  in  the  papilisB  circumvallat89  they  are  never  to  be  found 
in  the  epithelium  of  the  plateau,  but  in  the  lateral  slopes  of  the  papilla, 
which  are  protected  by  the  surrounding  circular  wall ;  the  same  is  true  of 
the  lateral  organs  of  taste  in  the  Babbit,  where  the  buds  never  occur  along 
the  summit  of  the  ridges,  but  always  in  their  sloping  sides.     • 

Structure  of  the  taste-papiUcB  and  taste-ridgea.  The  papUkB  cireumvaUaUB  (fig.  293), 
whose  numerous  varying  forms  we  shall  not  treat  of  here,  consist  of  a  connective- 
tissue  body,  having  in  general  the  form  of  a  truncated  cone,  and  covered  with  a 
laminated  pavement  epi&elium.  ^^  At  its  summit  the  papillary  body  is  covered  with 
a  large  number  of  conical,  filiform,  and  occasionally  bifurcating  secondary  papillse, 
which  at  the  edge  of  the  upper  surface  and  along  the  side  are  supplanted  by  vertical 
— t.  e.  parallel  with  the  axis  of  the  papilla — low  ridges  with  intervening  groove-shaped 
furrows."  *'  The  depressions  between  all  these  elevations  are  completely  filled  in 
by  the  epithelium,  so  that  the  surface  of  the  papilla  presents  everywhere  a  perfectly 
smooth  appearance,  without  even  a  trace  of  tiie  subjacent  unevennesses."  (Loven.) 
On  the  upper  surface  and  on  those  parts  of  the  sides  of  the  papilla  whioh  are  not  pro- 
tected by  the  circular  wall,  the  layer  of  epithelium  is  much  thicker  than  on  the  pro- 
tected portions  of  the  sides  of  the  papilla ;  but  even  in  the  former  of  these  localities  it 
is  very  much  thinner  than  throughout  the  general  surface  of  the  tongue.  The  epithe- 
lial layer  is  also  thinner  on  the  outer  wall  of  the  circular  trench,     ^e  taste-buds  are 
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sitaated  in  the  thin  epithelium  covering  the  sides  of  the  papilla ;  in  fact  they  usnally 
form  there  a  asone  which  reaches  from  the  bottom  of  the  trench  up  nearly  to  the 
point  where  the  external  snrface  of  the  papilla  is  no  longer  protected  by  the  wall 
(Schwalbe).  The  zone  encircles  the  papilla  with  the  circular  wall  If  the  trench  is 
deep  (Sheep,  Pig),  then  the  zone  is  broad;  if  it  is  shallow  (Horse),  the  zone  will  be 
narrow.  In  Man,  however,  the  upper  half  of  the  side  walls  of  the  papilla  is  generally 
free  from  taste-buds,  even  where  the  surrounding  wall  extends  high  up  (Schwalbe). 
As  the  taste-bnds  usually  stand  close  together  (the  closest  in  Man,  according  to 
Schwalbe,  where  they  almost  touch  each 

other),  their  number  in  a  single  papilla  Fig.  298. 

is  very  great.  Schwalbe  estimates  them 
in  the  Sheep— in  a  papilla  of  medium  size 
—9ti  480,  in  the  Cow  at  1,760;  in  the 
Pig,  where  there  are  but  two  circumval- 
late  papillffi,  each  possesses  about  4,760. 
This  would  give  for  all  the  papillae  an 
aggregate  of  9,600  in  the  Sheep,  35,200 
in  the  Cow,  in  the  Pig  9,520.  In  Man 
and  the  Dog  (Schwalbe),  and  also  in  Rats 
and  Rabbits  (Lov^n),  a  few  scattering 
taste -buds  are  also  found  on  that  side 
of  the  circular  wall  which  faces  the  pa- 
pilla. With  reference  to  the  relations  of 
the  nerves,  that  enter  the  papillss,  to  the 
apparatuses  of  taste,  see  farther  on. 

The  p(tpmas  fungiformes,  among  which  are  often  found  forms  of  transition  to  the 
papillae  circumvallatas,  possess  also  materially  the  same  structure  as  the  latter.  The 
mantle,  however,  of  taste-buds  is  not  to  be  found  in  them.  Nevertheless  Loven  dis- 
covered ( in  the  Calf)  scattering  taste-beakers  on  their  free  upper  surface,  between 
the  secondaiy  papillae.  In  the  Rabbit  and  Rat  he  found  them  in  every  papilla 
fungif ormis ;  in  tiie  small  ones,  though,  there  was  only  a  single  specimen  in  each. 
Schwalbe  at  first  doubted  their  existence  in  the  fungiform  papiUae,  but  afterwards 
met  with  them  himself,  in  the  Pig  in  particular.  I  have  also  seen  them  in  the  Mouse 
and  Cat,  in  vertical  sections.  Their  occurrence  in  the  fungiform  papillae,  according 
to  Loven,  is  much  rarer  in  Man,  the  Dog  and  the  Calf,  than  in  the  aforementioned 
animals. 

The  two  lateral  organs  of  taste  of  the  Rabbit  and  Hare,  of  which  mention  was 
made  above,  seem  hitherto,  in  spite  of  their  large  size,  to  have  escaped  observation  ;* 
and  yet  they  are  organs  of  taste  par  excellence.  Each  of  them  consists  of  a  flattened 
oval  eminence  lying  on  one  side  of  the  base  of  the  tongue  and  traversed  on  its  surface  by 
from  10  to  14  parallel  transverse  furrows.  In  the  Rabbit  the  organ  measures  about 
5-6  mm.  in  length  (from  before  backwards),  and  2.5-3.5  mm.  in  breadth.  In  the  Hare 
it  is  somewhat  larger.  Fig.  294  represents  a  portion  of  a  vertical  section  which  has 
been  carried  through  the  centre  of  the  organ  at  right  angles  to  the  direction  of  the 

Fig.  294. 


Fig.  293.  Section  of  a  papilla  circum- 
vallata  from  the  Calf,  showing  the  arrange- 
ment of  the  taste-buds.    V- 


Fig.  294.  Transverse  section  of  several  taste-ridges,  from  the  lateral  organ  of 
taste  of  the  Rabbit.  *^,^. 

"*  No  mention  is  made  of  them  in  the  anatomy  of  the  Rabbit  by  W.  Krause.  The 
lateral  organs  of  taste,  however,  were  also  discovered  and  described  by  Hans  Von 
Wyss :  H.  von  Wyss,  Ueber  ein  neues  Geschmacksorgan  auf  der  Zunge  des  Kaninchens. 
Centralblatt  /.  d.  med.  Wissensc/i.  1869.  No.  35.  p.  548.  The  detailed  description 
is  given  in  the  ArMv  fur  mikr.  Anatomie^  1870.  The  description  given  by  Von 
Wyss  agrees  perfectly  with  mine,  which,  by  the  way,  was  handed  in  for  publication 
already  in  the  summer  of  1869. 
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furrows.  Four  entire  taste-ridges  and  the  halves  of  two  others  are  seen  in  transyerse 
section.  The  ridges  are  separated  from  each  other  by  deep  clefts,  at  the  bottom  of 
which  in  some  instances  acinous  glands  disembogue.  In  each  of  these  small  ridges 
there  can  be  distinguished  a  oonnectiye-tissue  body,  which  breaks  up  into  three 
secondary  ridges.  The  middle  one  of  these  is  broader  than  the  other  two.  The 
connective-tissue  body  is  covered  by  a  laminated  pavement  epithelium,  which  is  much 
thicker  on  top  than  at  the  sides  of  the  ridge,  and  completely  fills  up  the  furrows 
between  the  smaller  secondary  ridges.  In  the  sides  of  each  ridge,  throughout  its 
entire  leng^,  lie  the  taste-buds.  They  form  here  a  broad  band,  the  lower  edge  of 
which  extends  down  a  little  below  the  middle  of  the  furrow,  while  its  upper  Iwrder 
reaches  up  to  the  opening  of  the  fissure  above.  The  taste-buds  stand  so  dose  to- 
gether as  almost  to  touch  (figs.  292  and  295).  In  the  Babbit  the  band  is  usually 
four  rows  deep.  Each  row  contains  in  its  entire  length  perhaps  80  buds.  For  each 
taste-ridge,  therefore,  the  approximate  sum  would  be  620  buds;  or,  for  both  organs 
of  taste  together — ^reckoning  12  ridg^  to  each— the  entire  number  of  taste-buds 
would  be  14,880. 

According  to  Schwalbe^s  statements,  two  similar  organs  are  to  be  found  in  the  Pig; 
they  contain,  however,  only  scattering  taste-buds. 

As  already  stated,  the  taste-buds  (fig.  292)  lie  in  fiask-shaped  cavities  of 
the  epithelium,  filling  tliem  completely.  The  walls  of  these  flask-shaped 
spaces,  with  the  exception  of  the  bottom,  which  rests  upon  the  connecti>e 
tissue  of  the  mucous  membrane,  are  composed  of  the  epithelial  cells.  Around 
the  belly  of  the  flask  the  epithelium  consists  of  cells  of  vaiious  shapes, 
which  possess  the  peculiar  characteristics  of  the  Rete  Malpighii,  t.  «.,  a  finely 
granular  protoplasma,  a  comparatively  large  nucleus,  and  an  indistinct 
membrane.  The  innermost  of  these  cells,  which  are  glued,  so  to  speak,  to 
the  wall  of  the  flask-shaped  space,  are  concavo-convex  in  form,  like  frag- 
ments of  a  watch-glass ;  when  seen  in  transverse  section  (fig.  295)  they  are 
sickle-shaped.  In  the  neighborhood  of  the  neck  of  the  flask  and  near  its 
opening,  the  taste-pore,  the  epithelium  presents  the  same  peculiarities  as  the 
flattened  epithelium  of  the  buccal  mucous  membrane:  a  flattened  form, 

Fig.  295. 


Fig.  295.  Upper  half  of  the  epithelial  support  of  the  taste-buds.  The  observer  is 
looking  from  the  under  side  into  four  cavities,  out  of  which  the  buds  have  fallen.  At 
the  bottom  of  each  the  taste-pore  is  visible.  From  the  lateral  organ  of  taste  of  the 
Rabbit.  ^. 

thick  membrane,  homogeneous  contents,  and  flattened  nucleus.  In  those 
regions  where  taste-buds  occur,  the  homy  layer  measures  as  a  rule  only 
0.01  to  0.02  mm.  in  thickness,  and  passes,  below,  without  any  sharply- 
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drawn  boundary  into  the  stratum  Malpighii.  The  margin  of  the  taste-pore 
is  usually  formed  by  the  union  of  several  cells,  though  sometimes  only  one 
cell  will  enter  into  its  formation  ;  in  that  case  the  cell  will  simply  be  per- 
forated by  a  round  hole  in  any  part  of  its  substance.  At  the  margin  of  the 
opening,  moreover,  there  is  often  a  circular  thickening  (fig.  295.) 

Figs.  292,  295,  and  296,  all  of  which  were  taken  from  preparations  of  taste-ridges  in 
the  Rabbit,  are  intended  to  give  additional  clearness  to  the  subject.  Fig.  292  repre- 
sents a  perpendicolar  section  through  the  entiro  thickness  of  the  taste  epithelium ; 
the  taste-bads  are  still  in  their  flask-shaped  cavities.  Fig.  295  represents  a  view 
from  below  of  the  upper  half  of  the  epithelial  support  that  surrounds  the  spaces  for 
the  taste-buds.  This  half  of  the  epithelium,  in  the  course  of  the  manipulation,  became 
detadied  from  the  deeper  layer  as  a  continuous  plate.  The  tasle-buds  themselves 
together  with  the  lower  half  of  the  epithelium 

remain  attached  to  the  mucous  membrane.  Fig.  296. 

In  the  figure  the  observer  is  looking  from  be- 
low into  the  opened  empty  cavities,  at  the 
bottom  of  each  of  which  he  will  recognize  the 
sharply  outlined  taste-poro,  enciroled  by  a 
thickened  ring.  Fig.  296  completes  fig.  295  : 
it  represents  a  view  from  above  of  a  taste-bud 
which  still  is  attached  to  the  mucous  mem- 
brane, and  is  surrounded  by  the  lower  half  of 
the  epithelial  support. 

The  taste-btids  or  tasie^eakers  (tig. 
297),  which  occupy  the  above-mentioned 
cavities,  consist  each  of  a  number — from 
15  to  30,  according  to  the  size  of  the 
buds— of  long,  thin  cells,  arranged  in  a 
similar  manner  to  the  leaves  of  a  bud. 
These  cells,  closely  packed  together,  sur- 
round the  axis  of  the  bud  in  several 
rows.  Those  on  the  outside  lie  in  exact 
contact  with  the  walls  of  the  cavity  and 
must  therefore  be  correspondingly  curved  (the  concave  side  looking  in- 
wards); the  form  of  the  inner  cells  becomes  straighter  the  nearer  they  ap- 
proach the  axis.  All  taste-buds  appear  to  be  composed  of  at  least  two 
fimdamen tally  different  kinds  of  cells ;  in  the  first  place,  of  such  as  do  not 
essentially  differ  from  epithelial  cells  and  are  not  connected  with  nerves ; 

secondly,  of  peculiar  bodies,  of  a  higher  de- 
gi-ee  of  organization,  which  are  probably  con- 
nected with  nerve- fibres  and  are  to  be  looked 
upon  as  the  real  taste-cells.  The  former, 
which  with  Lov6n  and  Schwalbe  we  may  call 
cover-cellsy  constitute  the  outer  layers  of  the 
bud  and  are  the  most  numerous  of  the  two ; 
the  latter  lie,  as  it  appears,  chiefly  near  the 
axis  of  the  bud. 

The  cover-cells  (fig.  298)  are  long,  rather 
narrow,  generally  somewhat  spindle-shaped 
elements,  which  contain  midway  between  both 
ends — sometimes  nearer  one  end — an  ellipsoid- 
al, bladder-like  nucleus.  They  consist  of  a 
clear  protoplasma  containing  almost  no  gran- 
ules, and  they  apparently  have  no  membrane. 
Towards  the  taste-pore  they  gradually  come  to 


Fig.  296.  A  taste-bud  laid  bare  by 
the  removal  of  the  upper  half  of  the 
surrounding  epithelial  support;  view- 
ed directly  from  above.  From  the 
lateral  oigan  of  taste  of  the  Babbit 


Fig.  297. 


Fig  297.  Isolated  taste-buds 
from  the  lateial  organ  of  taste 
of  the  Babbit.     ^^, 
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a  sharp  point,  while  at  the  lower  extremity  they  either  diminish  but  little 
in  size,  resting  firmly  with  a  pretty  broad  base  upon  the  connective-tissue 
surface  of  the  mucous  membiune,  or  they  gradually  taper  down  into  one  or 

more  processes  (sometimes  two-cleft),  which 
Fig.  298.  often  do  not  reach  the  surface  of  the  mucous 

membrane  at  all. 

In  Bpecimenfi  from  the  Sheep,  that  had  been 
treated  with  perosmic  acid,  Schwalbe  found  at 
the  apex  of  the  bad  a  circle  of  delicate  short  hairs 
whose  ends  converged  inwards  and  whose  point  of 
origin,  as  he  supposed,  was  the  end  of  the  coTer- 
oellis.  These  cUia  did  not  dissolve  in  caustic  potas- 
sa  even  after  a  prolonged  stay  in  the  fluid  ;  after 
the  isolation  of  the  buds,  however,  in  solutions  of 
chromic  acid,  the  cilia  could  no  longer  distinctly 
be  made  oat  In  other  animals  and  in  Man  their 
existence  has  not  been  satisfactorily  demonstrated. 
Lov6n  and  Schwalbe  found  that  cover-cells,  whoee 
lower  ends  were  prolonged  into  narrow  processes, 
could  be  isolated  with  greatest  ease  in  the  taste- 
bads  of  Man  and  also  of  the  Calf.  The  processes 
were  never  found  to  be  varicose,  although  they 
often  presented  a  knob-like  swelling  at  their  extremity.  Some  of  the  cover-cells 
drawn  by  Lov^n  (1.  i.  cit  Fig.  6,  e.  g. ,  also  h.  i.j,),  remind  one  of  the  forked  cells  of 
the  Frog,  to  be  described  hereafter,  and  very  probably  were,  like  these,  true  taste- 
cells  of  a  peculiar  shape. 

The  lengrth  of  the  cover-cells  depends  as  a  rale  on  the  length  of  the  taste-buds,  and 
varies  within  about  the  same  limits  as  these,  t.  e.y  in  the  Rabbit,  for  instance,  between 
0.045  and  0.0(^5  mm.  Moreover,  in  the  same  bad  the  cover-cells  will  be  found  to  vary 
in  size :  the  largest  and  broadest,  and  at  the  same  time  the  flattest,  constituting  as  a 
rule  the  outermost  layer.     The  inner  cells  are  shorter  and  more  cylindrical. 

The  taste-cdls  (fig.  299  a  and  h)  are  long,  thin,  almost  always  homogeneous 
and  strongly  refractive  elements.  Each  consists  of  an  ellipsoidal  body,  which 
is  prolonged  at  its  upper  pole  into  a  tolerably  broad,  at  its  lower  pole  into  a 
narrow  process.     The  body  consists  of  a  bladder-like  nucleus  which  is  sur- 

Fig.  299. 


Fig.  298.  Isolated  cover-cells 
from  the  taste-buds  of  the  Rab- 
bit.    ^K 


Fig.  299.  a,  isolated  taste-cells  from  the  lateral  oigans  of  tiie  Rabbit  *^. 
5,  a  taste-cell  and  two  cover-cells  isolated  in  a  connected  condition;  from  the 
same  source.     ^^, 

rounded  by  a  thin  layer  of  homogenous  substance — "  protoplasma."  In  the 
Rabbit  the  broader  upper  (peripheral)  process  is  almost  cylindrical,  grow- 
ing a  trifle  narrower  towards  the  point ;  as  a  rule  it  is  2^  to  3  times 
as  long,  and  at  its  middle  point  about  half  as  broad  as  the  nucleus  of 
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the  cell.  The  termination  of  this  process  is  usually  of  a  blunted  conical 
shape,  and  is  prolonged  on  one  side  into  a  delicate  short  hair  or  rod,  which 
stands  perpendicularly  to  the  blunted  end  (fig.  299,  a).  The  ends  of  these 
delicate  hairs  seem,  in  the  normal  condition,  scarcely  to  reach  the  level  of 
the  taste-pore.  The  lower  (central)  process  is  thin,  cylindrical,  and  already, 
at  a  very  short  distance  from  the  nucleus,  about  three  times  as  narrow  as 
the  above-described  peripheral  process.  At  a  distance  of  from  0.006  to 
0.0012  mm.  from  the  nucleus  it  usually  subdivides  into  two  only  slightly 
thinner  branches,  which  extend  down  to  the  surface  of  the  mucous  membrane. 
Before  this  takes  place,  however,  the  branches  not  infrequently  again  sub- 
divide, once  or  several  times,  in  rapid  succession.  The  chemical  reaction  of 
the  centi-al  process  seems  to  be  the  same  as  that  of  nerve  fibrillse. 

In  the  Calf,  Lov6n  found  the  taste-cells  differently  oonstracted  :  the  peripheral  pro- 
cess was  cylindrical,  staff-shaped,  but  carried  no  hair  at  its  extremity.  The  central 
process  was  a  long,  delicate  thread,  studded  with  yaricose  swellings  and  what  appear- 
ed to  be  the  short  broken  ends  of  lateral  twigs.  In  Man,  Lov^n  found  the  peripheral 
process  shorter  and  somewhat  pointed  at  the  end ;  in  all  other  respects,  howeyer,  it 
was  the  same  as  in  the  Calf. 

Schwalbe  would  distinguish,  in  Man  and  the  Sheep,  two  kinds  of  taste-cells :  needU- 
eHls  and  staff-ceUs  (Stiftchenzellen  und  Stabzellen).  In  the  former,  which  are  the 
most  numerous,  the  diminished  end  of  the  broader  peripheral  process  terminates  *^in 
a  narrow,  brilliant  needle  whose  upper  end  appears  to  have  been  cut  off  abruptly." 
In  taste-buds  that  had  been  isolated  by  the  aid  of  perosmic  acid  the  needles  sometimes 
projected  a  distance  of  0.0072  mm.  beyond  the  apex  of  the  bud.  The  central  pro- 
cess is'  filiform  and  sometimes  varicose.  Schwadbe  was  unable  to  find  the  lateral 
twigs  described  by  Lov^n.  In  the  staff-cells  the  peripheral  process  is  ^^  shorter,  of  uni- 
form breadth,  and  terminates  abruptly  without  any  needle.  The  central  process,  how- 
ever, can  scarcely  be  distinguished  from  that  of  the  ordinary  taste-cells." 

It  is  still  unknown  whether  in  different  parts  of  the  tongue  various  forms  of  taste- 
oells  occur  which  are  capable  of  transmitting  different  taste-sensations.  It  is  equally 
unknown  whether  in  a  single  taste-bud  only  one  or  several  varieties  of  taste-cells  may 
occxu:. 

The  Nerves. — ^We  possess  very  little  information  concerning  the  connec- 
tion between  the  nerve-fibres  and  the  elements  of  the  taste-buds.  It  is 
known  that  small  branches  of  the  N.  glossopharyngeus,  consisting  chiefly  of 
slender  medullated  fibres,  proceed  towards  the  papillas  circumvallatas  and  ram- 
ify throughout  their  substance.  A  short  distance  before  theit  entrance  into 
the  papilla  these  small  branches  will  be  found  to  contain — as  does  also  the 
main  trunk  of  the  Glossopharyngeus  (Remak) — microscopically  small  groups 
of  ganglion  cells.  Immediately  beneath  the  papilla  they  form,  esjjecially  in 
the  Sheep,  a  richly  developed  plexus  (Schwalbe).  From  this  plexus  one  or 
more  larger  bundles  penetrate  centrally  into  the  papilla,  and  a  few  bundles 
will  often  enter  it  from  the  side ;  once  within  the  papilla  they  subdivide 
into  numerous  fine  intercrossing  and  intertwining  twigs,  which  radiate  towards 
the  epithelium.  As  a  rule  these  twigs  contain  many  more  pale  than  darkly- 
outlined  fibres.  Most  of  the  bundles  of  nerve-fibres  direct  their  course  to- 
wards where  the  taste-buds  lie,  and  then  ramify  throughout  the  thin  stratum, 
'  rich  in  nuclei,  immediately  upon  which  the  buds  rest.  In  this  stratum,  ac- 
cording to  Schwalbe,  the  nerves  consist — apart  from  a  few  scattering  med- 
ullated fibres — of  delicate  bundles  of  fibrill«,  each  of  which  is  surrounded 
by  a  nucleated  sheath  which  is  rendered  pale  by  the  addition  of  acetic  acid. 
These  bimdles,  by  repeated  subdivision,  break  up  into  finer  and  finer  twigs, 
from  which  finally  proceed  delicate  pale  fibres  that  resemble  very  strongly 
the  processes  of  the  taste-cells  and  form  a  second  plexus  immediately  be- 
neath the  epithelium.  It  is  highly  probable  that  these  finest  fibrils  are 
continuous  with  the  central  processes  of  the  taste-cells.     After  brushing  off 
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the  epithelium  from  chromic  acid  preparations,  Schwalbe  sometimes  saw 
entirely  similar  fibrils  projecting  above  the  surface  of  the  mucous  mem- 
brane. 

Quite  the  same  relations  of  the  nerves  are  to  be  seen  in  the  taste-ridges  of  the  Bab- 
bit and  Hare  as  in  the  circumvallate  papillie.  The  numerous  and  ral£er  thick  bran- 
ches of  the  GloBsophaiyngeus,  which  ramify  beneath  the  taste -ridges,  contain  prettj 
large  microscopic  collections  of  ganglion  cells.  In  one  of  them  I  counted  over  thirty 
cel&u  They  were  almost  spherical  in  shape,  averagmg  about  0.05  mm.  in  diameter, 
and  seemed  to  be  connected  with  nerve-fibres  only  at  one  pole.  Very  numerous  and 
still  quite  thick  bundles  of  pale  fibres  proceed  from  the  laiger  nerve-branches  to  the 
zones  of  taste-buds.  At  all  the  points  above  which  these  buds  are  situated,  but  at 
none  others,  the  mucous  membrane  is  extremely  rich  in  nuclei  (see  fig.  294,  where 
the  condition  is  indicated  by  dots ;  also  fig.  293).  In  this  nucleated  layer  are  found 
an  extraordinarily  large  number  of  very  delicate,  pale  nerve  fibrils,  which  in  thick- 
ness, form,  power  to  refract  the  light,  and  also,  as  it  appears,  in  their  chemical  reac- 
tion agree  with  the  central  processes  of  the  taste-oella.  They  may  be  followed  not 
infrequently  as  far  as  to  the  base  of  a  taste-bud,  and  then  are  lost  to  view. 

We  may  mention  here,  by  way  of  an  appendix,  the  descriptions  given  by  Ssabadfoldy 
and  Letzerich  of  the  mode  of  termination  of  the  nerves  of  taste  in  Mammals.  Accord- 
ing to  the  former,  they  terminate  in  pear-shaped  bodies,  which  lie  concealed  in  the  con- 
nective tissue  of  the  mucous  membrane ;  consequently  they  never  can  come  into  direct 
contact  with  the  substances  which  pass  through  the  cavity  of  the  mouth.  The  con- 
sciousness, however,  of  the  sensations  of  taste  is  appreciated  in  much  less  time  than  it 
would  take  for  any  known  solution  to  diffuse  itself  through  the  thick  epithelial  layer ; 
hence  it  naturally  follows  that  the  organs  described  are  not  really  organs  of  taste,  as 
Szabadf  (ildy  would  have  us  believe.  No  one  else,  however,  has  since  been  able  to  find 
them.  The  statements  of  Letzerich  have  hitherto  met  with  equally  little  confirmation. 
According  to  him,  the  nerves  of  taste,  in  all  the  papillaB  of  the  Gat,  Gow,  and  Weasel, 
terminate  in  *'  pretty  large,  flat,  bladder-like  bodies,  whose  investing  membranes  are 
structureless  and  studded  with  large  nuclei.  These  bladders  lie  above  the  plexus 
which  is  situated  in  the  papillary  and  Ungual  mucous  membrane.*'  They  possess  two 
kinds  of  processea  One  kind  are  nipple-shaped :  they  are  directed  towards  the  con- 
nective tissue  of  the  .mucous  membrane,  and  are  connected  with  darkly-outlined 
nerves,  which  become  pale  at  the  point  of  connectioa  The  axis  cylinders  traverse 
the  protoplasmic  contents  of  these  nipple-shaped  processes  and  subdivide  diohoto- 
mously  over  the  inner  surface  of  the  bladder.  ^'  Upon  these  subdivisions  are  seated 
small,  shining,  prismatic  bodies  (nerve  terminal  bodies)  which  resemble  strongly  the 
rods  of  the  retina.  The  bladders  themselves  are  filled  with  hyaline,  feebly  granular 
masses."  The  second  kind  of  processes  are  tubular  diverticula  of  the  membrane  of 
the  bladder,  which  project  toward  the  surface  of  the  tongue,  as  far  as  into  the 
homy  layer  of  epithelium.  Their  ends  always  remain  covered  by  a  layer,  however 
thin,  of  epithelial  cells.  Letzerich  did  not  meet  with  the  organs  of  taste  discovered 
by  Lov6n  and  Schwalbe. 

B.    Organs  of  Taste  ik  Amphibia. 

While  the  organs  of  taste  in  Birds  and  Reptiles  are  unknown,  they  have 
been  for  a  long  time  well  understood  in  the  Batrachia  (Rana  esculenta  and 
temporaria,  Hyla  arborea).  In  Frogs  the  end-organs  of  the  nerves  of  taste 
also  consist  of  microscopically  small  groups  of  characteristic  epithelial  for--  ^ 
mations,  which  lie  in  cavities  of  the  epithelium  that  covers  the  mucous 
membrane  of  the  tongue  and  soft  palate.  The  form,  however,  of  these 
organs  does  not  resemble  a  flask  or  bud,  as  in  Mammals,  but  is  more  like 
that  of  a  disc.  Inasmuch  as  they  correspond  perfectly  to  the  taste-buds,  we 
shall  call  them  taste-discs.  They  may  be  counted  by  hundreds,  and  are  dis- 
tributed pretty  uniformly  over  the  upper  sur&ce  and  borders  of  the  tongue ; 
each  sits  upon  a  broad,  somewhat  cylindrical  papilla  (taste-papilla,  papilla 
fungiformis).  Numerous  taste-discs  are  found  even  in  the  epithelium  cover- 
ing the  smooth,  non-papillate  surface  of  the  soft  palate,  but  they  rise,  either 
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not  at  all  or  only  slightly,  above  the  level  of  the  surrounding  epithelium ; 
in  this  locality  they  require  further  investigation. 

Minute  Structure  of  the  Taste  Papillae  »in  the  Frog  (R.  escu- 
lenta  and  temporaria). — These  papillae  consist  of  a  connective-tissue  body, 
covered  with  epithelium,  whose  general  shape  resembles  a  low  cylinder  or 
a  truncated  cone.  Upon  the  circular  or  elliptical  end-surface  of  the  papilla 
sits  the  taste-disk,  surrounded  by  a  narrow  girdle  of  ciliated  cells.  The  taste- 
disk  itself  is  composed  of  peculiar  cells  and  cell-like  bodies.  The  side  surfaces 
of  the  papilla  are  covered  with  a  simple,  non-ciliated  cylindrical  epithelium. 

The  larger  lower  portion  of  the  body  of  the  papilla  consists  of  a  rather 
loosely- woven  connective  tissue,  in  which  loops  of  capillary  vessels,  the 
branching  ends  of  muscular  fibres,  and  a  bimdle  of  darkly-outlined  nerves 
lie  embedded.  The  upper  portion  is  a  solid  disk,  0.01-0.015  mm.  thick,  of 
a  dense,  non-nucleated  connective  tissue ;  to  it  we  may  give  the  name  of 
nerve-cushion.     It  constitutes  the  bed  upon  which  rests  the  taste-disk. 

From  five  to  ten  darkly-outlined  nerve  fibres  come  up  from  below  into  the 
papilla,  and  remain  in  its  axis,  rarely  giving  off  any  branches  until  they 
reach  the  under  surface  of  the  nerve-cushion.  On  their  entrance  into  the 
latter,  or  just  before,  they  become  somewhat  narrowed,  and  suddenly  lose 
their  medullary  substance  and  neurilemma.  Thereupon  the  nerve  fibres — 
which  have  now  grown  very  thin  (circa  0.002  mm.)  and  pale — ^at  once  com- 
mence to  subdivide,  and,  by  repeated  dichotomous  branching,  form  a  deli- 
cate, close  nervous  network,  which  spreads  itself  out  in  the  lower  half  of 
the  nerve-cushion  in  nearly  a  horizontal  direction.  From  this  web  numer- 
ous delicate  twigs  (fig.  300)  shoot  upwards,  in  a  straight  or  oblique  direction, 
as  flEir  as  to  the  surface  of  the  nerve-cushion ;  they,  too,  are  wont  to  give  off 
branches.  At  this  point  they  become  connected  with  certain  elements  of  the 
taste-disk  which  we  shall  soon  describe. 

The  bundles  of  nerves  which  enter  the  P.  fungiformes,  come  from  the  N.  glosso- 
pharyngeus.  The  smaU  papillae  of  the  Frog's  tongue,  which  are  covered  with  ordinary 
epithelium,  seem,  as  Billroth  has  already  mentioned,  to  be  improvided  with  nerves. 
The  nerve-cushion  is  firmly  attached  below  to  the  connective -tissue  body  of  the  papilla, 
while  at  the  sides  it  terminates  with  smooth  and  sharp  limits  ;  the  cushion  itself  con- 
sists of  a  very  firm  connective  tissue,  indistinctly  fibrillated,  which  swells  up  less  in 
dilute  adds  and  alkalies  than  ordinary  fibrillated  connective  tissue.  Key  considered 
the  nerye-cushion  as  an  enormous  enlaigement  of  the  neurilemma  and  called  it  the 
nerve-shell. 

The  pale  nerve  fibres,  into  which  the  darkly-outlined  fibres  resolve  themselves  on 
entering  the  nerve-cushion,  were  first  discovered  here  by  Key.  The  numerous  dichot- 
omous subdivisions  of  the  nerve  fibres  seem,  however,  to  have  escaped  his  notice,  for 
he  describes  them  as  breaking  up  rather  into  pencils  of  the  most  delicate  varicose 
branches.  Our  own  description  was  given  from  fresh  preparations  that  had  been  laid 
in  serum  and  diluted  glycerine. 

The  taste-dUke  are  elliptical  or  circular,  sharply  outlined  epithelial  plates, 
whose  transverse  diameter  measures  about  0.15-0.35  mm.  and  their  thick- 
ness 0.04-0.05  mm.  Their  under  surface  is  firmly  attached  to  the  nerve- 
cushion,  while  the  upper  comprises  the  entire  end-surface  of  the  papilla. 
The  '*  nerve-epithelium,^^  of  which  the  entire  mass  of  the  taste-disk  is  com- 
posed, may  be  distinguished  from  the  ordinary  cylindrical  and  ciliated 
epithelium,  which  covers  the  remaining  surface  of  the  papilla,  by  the  cir- 
cumstance that  optically  it  is  almost  homogeneous  and  very  transparent;  by 
transmitted  light,  therefore,  it  has  a  very  clear  appearance.  When  seen, 
nioreover,  in  thick  layers,  it  presents  a  pale  yellow  tinge. 
50 
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Fig.  300. 


It  is  more  firmly  adherent  to  the  papilla  than  the  surrounding'  epithelinm.  The 
cells  composing  the  taste-disks  are  also  more  firmly  and  intimately  united  together 
than  those  of  the  ordinary  epithelium. 

Leydig  was  the  first  to  call  attention  to  the  fact  that  the  epithelinm  which  coTen 
the  end-surfaces  of  the  papillae  fungif ormes,  differs  from  the  rest  of  the  epithelium. 
Later  observers  have  all,  with  the  exception  of  Fixsen,  confirmed  this.  Then  Billroth 
and,  in  particular,  Ernst  Axel  Key,  furnished  the  minute  details  ooncemingthe  nerve- 
epithelium. 

The  taste-disks  of  the  Frog  are  made  up  of  several  kinds  of  cells ;  but  of 
these  the  forked  cells  are  very  probably  the  only  ones  that  are  connected 
with  nerve-fibres.  Two  other  kinds  of  cells,  the  broad  cup-cells  and  the 
narrow  cylinder  cells,  seem  to  possess  a  more  indifferent  nature,  like  the* 
cover-cells  in  the  taste-beakers.  These  three  kinds  of  cells  are  distributed 
throughout  the  taste-disk  in  such  a  manner  that  the  bodies  of  the  cup-cells, 

of  which  there  is  only  a  single  layer,  constitute 
the  outer  portion  of  the  disk,  while  their  central 
processes  together  with  the  bodies  of  the  cylinder 
and  forked  cells  form  the  under  layer  of  the  epi- 
thelium. The  last-mentioned  cells  send  their 
peripheral  processes  in  a  straight  direction  be- 
tween the  bodies  of  the  cup-cells  as  fkr  outwards 
as  to  the  surface  of  the  taste-disk  (figs.  300  and 
302). 

The  cup-ceUa^  of  which  there  are  several  hun- 
dred in  each  of  the  large  papillae,  are  cylindrical 
bodies  which  by  mutual  pi'essure  are  usually 
converted  into  fi've-  or  six-sided  prisms.  The 
body  of  the  cell  measures  ftom  0.02  to  0.024 
mm.  in  length,  and  0.01  mm.  in  breadth ;  in  its 
lower  third  lies  a  vesicular  nucleus.  Below  the 
nucleus  the  body  of  the  cell  becomes  somewhat 
smaller  and  terminates  in  a  protoplasmic  process 
of  in-egular  shape.  The  body  of  the  cell  is  en- 
veloped by  a  firm,  cup-like  membrane  which  has 
a  broad  opening  on  top.  This  cup  is  filled  to 
the  edge  with  a  transparent  protoplasma,  which 
appears  to  be  almost  homogeneous.  The  process 
of  the  cell  also  consists  of  an  almost  homogeneous 
protoplasma.  The  membrane,  which  below  has 
been  steadily  growing  thinner,  finally  ceases  to 
be  demonstrable  over  the  process  of  the  cell. 
The  processes  of  neighboring  cup-ceUs  form,  by 
mutual  contact,  and  probably  also  by  fusion,  a  mesh  work  of  protoplasmic 
substance  in  the  under  layer  of  the  epithelium. 


Fig.  300.  Termination  of 
the  nerves  of  taste  in  the 
Frog.  Ramifications  of  a 
nerve  fibre  in  the  nerve- 
cushion,  from  a  glycerine 
preparation.  Group  of  two 
cup-cells,  one  cylinder,  and 
two  forked  cells  from  a 
chromic  acid  and  glycerine 
preparation.     ^J^. 


The  cup-cells  were  described  by  Key  as  modified  epithelial  cells.  Their  dimen- 
sions remain  pretty  constant.  Through  the  action  of  many  reagents — e.  g.  a  prolong- 
ed stay  in  iodized  serum — the  protoplasma  will  sometimes  escape  from  the  body  of 
the  cell,  leaving  the  nucleus,  however,  behind.  The  thick  cell-membrane  is  thereby 
thrown  into  deep  longitudinal  folds.  By  acids — acetic  acid,  for  instance,  and  also 
perosmic  acid-^the  protoplasma  of  the  cup-cells  is  rendered  much  more  opaque  than 
that  of  the  ordinary  epithelial  cells  of  the  surface  of  the  tongue.  These  odls  most 
not  in  any  way  be  confounded  with  the  so-called  beaker  cells. 

The  cylinder-^dUy  several  hundred  of  which  are  seated  on  every  pa- 
pilla, consist  each  di  an  ellipsoidal  body,  measuring  about  0.006  mm.  in 
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length  and  0.004  mm.  in  breadth,  and  seated  directly  upon  the  nerve-cnsh- 
ion,  in  the  deepest  layer  of  the  epithelium.  Towards  the  periphery  the  body 
becomes  lengthened  out  into  a  cylindrical,  usually  straight  process,  about 
0.032  mm.  long  and  0.002  mm.  thick,  which  extends  even  to  the  outer  sur- 
face of  the  epithelium.  The  body  consists  of  a  thin  mantle  of  protoplasma 
enveloping  an  ellipsoidal  nucleus.  The  substance  of  the  long  cylindrical 
process  is  composed  of  a  very  finely  granular  protoplasma,  which  appears  to 
be  surrounded  by  a  thin  membrane,  open  at  the  top.  The  protoplasma  of 
the  cell-body  spreads  itself  out — usually  in  the  form  of  several  short  pro- 
cesses— horizontally  over  the  surface  of  the  nerve-cushion.  These  processes 
never  present  the  appearance  of  nerve»  fibres. 

Key's  **  stafF-cellB  '^  undoubtedly  were  to  a  laige  extent  cylindrical  cells  (see  especially 
figs.  5,  7,  10,  and  11,  5,  e,  g^  of  his  work,  mentioned  in  the  appended  bibliography). 
He  oonfonnded  them,  nevertheless,  with  the  forked  cells,  which  we  are  soon  to  de- 
scribe, and  of  which  only  mutilated  specimens  seem  to  have  come  under  his  observa- 
tion. That  the  long  process  of  the  cylindrical  cells  is  enveloped  by  a  membrane,  open 
at  Uie  top,  I  conclude  from  the  circumstance  that  occasionally,  in  iodized  serum 
preparations,  for  instance,  the  membrane  gradually  becomes  flattened  until  it  displays 
the  appearance  of  a  band,  while  at  the  same  time  small  lumps  of  protoplasma  push 
their  way  out  from  the  top. 


The  forked  cells  (figs.  300  and  301),  which  are  probably  twice  as  numer- 
ous as  the  cup-cells,  consist,  like  the  taste-cells  in  Mammals,  of  a  body  to- 
getlier  with  long,  thin  processes.  The  body  has  the  form  of  an  elongated 
ellipsoid,  its  greatest  diameter  measuring  from  0.006-0.008  mm.  and  its 
smallest  from  0.003-0.004  mm.;  it  is  almost  entirely  filled  with  a  vesicle- 
like nucleus  and  central  nucleolus.  The  processes  are  given  off  from  the 
peripheral  and  central  poles  of  the  body. 

The  peripheral  process  is  generally  forked,  and  from  0.021  to  0.030  mm. 
long.  Its  ends  extend  to  the  free  sui^face  of  the  epithelium.  Here,  too,  as 
in  a  fork,  we  can  distinguish  a  handle  and  prongs.  The  cylindrical  handle, 
which  averages  fix>m  0.0015-0.002  mm.  in  thickness,  never  measures  more 
than  0.008  mm.  in  length ;  it  may  even  be  altogether  wanting.  The  shorter 
it  is,  the  longer  will  be  the  prongs  that  project  from  it,  and  vice  versd.  The 
handle  subdivides  into  two  or, 

more  rarely,  three  prongs,  which  Fig.  801. 

in  turn  sometimes  form  seconda- 
ry forks.  A  third  prong  is  also 
occasionally  given  off  from  the 
side  of  the  handle.  The  ends  of 
all  the  prongs  lie  in  the  same 
plane — that  of  the  surface  of  the 
epithelium.  The  prongs  are 
small  cylindrical  rods,  not  ex- 
ceeding 0.001  mm.  in  thickness, 
which  in  physical  characteristics 
and  chemical  reaction  resemble 
very  closely  the  pale  nerve  fi- 
bres. 

From  the  central  pole  of  each  forked  cell  is  given  off  a  single  cylindrical 
process  (rarely  two  or  three  finer  ones)  which  averages  0.00 In  mm.  in 
thickness,  and,  at  a  distance  usually  of  0.006  mm. — at  the  farthest  0.025 
mm. — from  the  pole,  subdivides  into  two  branches.  From  these  branches, 
by  repeated  subdivision,  proceed  smaller,  very  slender  branches,  of  the  se- 


Fig.  801.     Isolated  forked 
Frog  (R.  temporaria).     *t^. 
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cond  and  third  order,  which  coincide  in  every  particular  with  the  pale  nerve 
fibres  that  appear  on  the  upper  surface  of  the  nerve-cushion,  and  very  prob- 
ably are  the  continuation  of  these  same  fibres. 

Mutilated  spedinens  of  forked  cells  appear  to  have  been  seen  already  by  Billroth 
(fig.  12  of  his  work,  enumerated  in  the  appended  bibliog^phj)  and  Key  (fig.  7  ^,  11 
a,  d,  e).  Our  description  is  given  chiefly  from  specimens  which  were  isolated  by  the 
aid  of  extremely  fine  glass  needles,  the  tissues  having  either  been  placed  freeh  in 
iodized  serum  or  exposed  for  some  little  time  to  the  action  of  a  mixture  of  pure  gly< 
cerine  with  a  0.4  percent,  solution  of  the  bichromate  of  potassa,  in  equal  parts.  By 
this  mechanical  method  of  isolating  the  cells  it  is  not  a  rare  circumstance  for  some  of 
the  processes  to  be  broken  off.  The  transition  from  the  central  processes  of  the  forked 
cells  to  the  nerve  fibres  that  oome  out  from  the  nerve- cushion  has  not  yet  positively 

been  observed.   This  is  owing,  in  a  great  de.gree, 
Y\a,  802.  ^  ^^  f'^^  that  the  methods  employed  to  dis- 

play to  view  the  nerves,  are  of  Uttle  value  in 
demonstrating  and  isolating  the  forked  cells,  so 
that  a  distinct  view  is  almost  never  obtained  of 
both  elements  at  the  same  time. 

In  fresh  preparations  very  beautiful  optical 
transverse  sections  of  the  prongs  of  forked  cells 
may  sometimes  be  observed  in  surface  views  of 
the  taste-disks.  They  appear  then  as  extremely 
small,  brilliant  circles,  lying  between  the  penta- 
gonal and  hexagonal  cup-cells.  Besides  these, 
we  can  also  distinguish  the  ends  of  the  cylinder- 
cells  as  somewhat  larger,  dull  circles,  inter- 
Fig.  802.  Surface  view  of  a  per-  spersed  among  the  cup-cells, 
tion  of  a  taste-disk  from  the  Frog ; 

after  a  five  minutes  exposure,  when  OwriAKq  nw  Tartp!  tv  "P'lftiTX'Q 

fresh,  to  the  action  of  iodized  se-  ^'     URGANS  OF  lASTE  IN  J5I8HES. 

rum.       The   view  is  taken  from 

above,  looking  down  upon  the  The  organs  of  taste  in  Fishes  coincide 
broad  five-  or  six-angled  cup-cells,  perfectly,  in  all  material  points,  with 
between  which  the  ends  of  sever^  ^^^^  ^f  Mammals  and  Frogs.  They  have 
cylinder  cells  and  numerous  forked     ,  ,  .  t      j*  i      j-  • 

cells  may  be  seen  in  optical  trans-  ^^n  known,  since  Leydig  s  discoveries, 
verse  section.    ^^.  under  the  name  of  heakershaped  organs. 

They  are  bud-shaped  bodies,  composed  of 
peculiar  cells  and  located  in  the  laminated  epithelium  of  the  external  skin 
.  and  buccal  mucous  membrane.  From  numerous  spots  in  the  connective-tis- 
sue under  layer  both  of  the  cutis  and  also  of  the  mucous  membrane  cylindri- 
cal papillae,  provided  with  nerves,  penetrate  into  the  epithelium ;  upon  the 
somewhat  concave  end-surface  of  each  of  these  papillse  sits  a  beaker-shaped 
organ. 

Leydig,  who  discovered  these  bodies  in  the  external  skin  of  fresh-water  Fishes,  was 
inclined  to  consider  them  as  org^ans  of  touch.  F.  E.  Schulze  then  brooght  forward 
strong  grounds  for  interpreting  them  to  be  organs  of  taste.  He  found  them  in  Fishes 
in  the  mucous  membrane  of  the  palate,  which  is  supplied  with  branches  from  the  N. 
glussopharyngeus ;  he  examined  their  structure  somewhat  more  minutely  and  discov- 
ered their  correspondence,  in  all  essential  points,  with  the  organs  of  taste  in  the  Frog. 
The  entire  system  of  beakers  seems,  accoitling  to  Schulze,  to  be  most  perfectly  devel- 
oped in  the  Cyprinoids.  Here  these  organs  stand  very  dose  to  each  other  in  the  mu- 
cous membrane  covering  the  palate,  rudimentary  tongue,  and  inner  side  of  the 
branchial  arches,  as  well  as  on  the  fins ;  they  stand  somewhat  farther  apart  in  the 
lips,  and  farther  yet  in  the  skin  of  the  head  and  throughout  the  rest  of  the  body. 
They  are  wanting  altogether  in  the  lips  of  Cottus  gobio  and  in  the  external  skin  of 
the  Pike,  Salmon,  Tor^  and  Herring. 

Each  beaker-shaped  organ  consists  of  a  bundle  of  very  long,  closely-pack- 
ed cells  which  extend  from  the  cutis,  or — in  the  mucous  membrane — from 


Digitized  by 


Google 


METHODS  OF  INVESTIGATION.  789 

the  papilla  to  the  free  surface  of  the  epithelium.  These  cells  attain  a 
length  of  0. 1  mm.  or  more.  In  every  beaker,  according  to  F.  E.  Schulze, 
two  different  types  of  cells  may  be  distingiiished.  The  one,  corresponding 
to  the  cover-cells  in  the  taste-buds  of  Mammals,  and  to  the  cup-  and  cylin- 
der-cells in  the  taste-disks  of  the  Frog,  occupies  chiefly  the  peripheral  por- 
tions of  the  organ.  It  is  composed  of  long  cylindrical  cells,  blunt  at  the 
upper  extremity  and  containing  near  the  centre  an  elongated  nucleus  with 
nucleolus.  Below  these  cells  terminate,  with  frequently  a  slight  diminution 
in  size,  in  several  "  thin  finger-shaped  or  jagged  processes." 

The  second  variety  of  cells  correspond  to  the  taste-cells  of  other  Verte- 
brates and  ai*e  found  most  abundantly  in  the  central  portions  of  the  beaker. 
They  are  very  thin,  long  ceJls,  consisting  of  a  small,  elongated,  ellipsoida'. 
body  with  two  thread-l&e  processes.  The  body  is  almost  entirely  filled 
with  a  nucleus  containing  a  distinct  nucleolus.  The  peripheral  process  is 
much  longer  than  the  central,  but,  like  the  latter,  it  consists  of  an  extreme- 
ly thin,  straight,  cylindrical  thread.  The  centi^  process  is  often  (after 
being  subjected  to  the  action  of  a  0.5 — 1.0  per  cent,  solution  of  the  bichro- 
mate of  potassa)  very  regularly  varicose.  The  same  is  sometimes  true  of 
the  peripheral  process. 

The  connection  between  these  cells  and  the  nerve  fibres,  that  |)enetrate 
upwards  through  the  papilla  to  the  base  of  the  taste-beaker,  has  not  yet 
been  observed. 

Whether  among  the  numerous  apparatuses  of  sense  that  are  located  in  the 
skin  of  many  Invertebrates,  and  are  commonly  considered  as  organs  of  touch, 
a  few  should  not  be  reckoned  among  the  organs  of  taste,  is  a  question  which 
future  investigations  will  have  to  determine. 

Concerning  the  development  of  the  organs  of  taste  we  possess  no  satisfac- 
tory knowledge.* 

Methods  op  Investigation. 

In  the  study  of  the  organs  of  taste  in  Mammals,  especially  where  the  object  of  the 
investigator  is,  in  a  short  space  of  time,  to  familiarize  himself  with  these  elements, 
the  lateral  oigans  of  taste  of  .the  Babbit  and  Hare  are  partioolarly  to  be  recommend- 
ed. Both  here  and  in  the  taste-papillas  the  coarser  anatomical  relations — location,  ar- 
rangement, number,  size,  eto. — of  the  buds  can  best  be  learned  from  sections  which 
have  been  made  from  dried  preparations  and  afterwards  softened  in  dilute  acetic  acid 
and  glycerine.  Another  way  is  to  harden  the  preparation  for  about  twenty-four  hours 
in  perosmic  acid  (0.5—1.5  per  cent.) ;  the  sections  obtained  from  it  may  then  be  ren- 
dered transparent  by  placing  them  in  glycerine.  The  freezing  method  can  also  be 
employed  here  to  advantage.  For  the  stndy  of  the  minuter  structure  of  the  buds 
and  the  elements  which  enter  into  their  composition,  maceration  in  iodized  serum 
(with  or  without  the  addition  of  some  chromic  acid)  is  to  be  recommended.  It  is 
also  a  good  plan  to  leave  the  specimen  for  several  days  in  a  solution  of  the  bichromate 
of  potassa,  varying  in  strength  from  1 — 2  per  cent.,  to  which  an  equal  volume  of  pure 
glycerine  may  very  properly  be  added.  Preparations  thus  treated  should  then 
be  teased,  under  a  simple  microscope,  with  very  finely  pointed  needles.  For  this 
purpose  I  would  recommend  most  strongly  the  use  of  very  finely  pointed  glass  rods  in 
the  place  of  the  steel  needles  ordinarily  used.  Glass  points  can  be  obtained  of  far 
greater  dehcacy  than  those  of  steel ;  moreover  they  are  much  smoother  and  adhere 
less  to  the  tissues.  To  obtain  a  view  of  the  ramifications  and  terminal  distribution 
of  the  nerves,  sections  should  first  be  made  from  dried  or  frozen  preparations  and  then 
examined  in  dilute  acetic  acid  with  glycerine.     Sections  that  have  been  made  from 

•  Later  Remark. — In  the  larvas  of  the  Frog,  F.  B.  Schulze  has^ecently  discovered  in 
the  papillae  of  the  buccal  cavity  beaker-shaped  organs,  which  in  structure  corresponded 
very  closely  with  those  of  Fishes.  Perhaps  these  are  undeveloped  specimens  of  what 
later  will  be  taste-disks. 
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fresh  preparations— frozen  ones  are  the  best— and  then  treated  either  with  the  chlo- 
ride of  gold  (0.1 — 0.5  per  cent)  or  perosmic  add  (0.26 — 2  per  cent.),  will  be  found  in- 
structive. To  see  the  distribution  of  the  delicate  terminal  nerres  in  the  mucous 
membrane,  immediately  beneath  the  taste-buds,  Schwalbe  recommended  especially  to 
macerate  the  preparation  for  several  days  in  a  solution  of  chromic  acid  (0.02  per 
cent)  or  of  the  bichromate  of  potassa  (0.5 — 1  per  cent). 

The  organs  of  taste  in  the  Frog  should  first  be  investigated  perfectly  fresh  in 
serum.  In  this  way  the  peculiar  epithelium  of  the  taste-di{£  will  be  seen  in  a  living 
condition :  it  will  also  be  possible  to  distinguish  the  nucleated  inner  from  the  non- 
nucleated  outer  layer,  and  in  surface  views  to  look  down  upon  the  mosaic  which  is 
composed  of  the  ends  of  the  large  cup- cells  and  the  points  of  the  cylinder  and  forked 
cells ;  at  the  same  time  the  relations  of  the  darkly  outlined  nerve  fibres  and  the  gen- 
eral structure  of  the  papillaB  may  be  included  in  the  observation.  The  separation  of 
the  taste-disks  into  their  elementary  parts  can  best  be  accomplished  by  leaving  the 
preparation  for  several  days  in  a  mixture  of  the  bichromate  of  potassa  (0.4  per  cent) 
and  pure  glycerine  in  equal  parts,  and  afterwards  teasmg  it  apart  with  sharply-point- 
ed glass  rods,  under  a  simple  microscope.  An  equally  good  method  is  to  place  the 
preparation  for  some  hours  in  a  solution  of  perosmic  acid,  of  from  0.5—1.5  per  cent 
strength.  'The  distribution  of  the  nerves  in  the  nerve-cushion  may  sometimes  be 
distinctly  seen,  even  in  fresh  papillae,  provided  the  taste-disks  have  first  been  dissected 
off  in  serum.  They  are  then  rendered  more  distinct  by  the  addition  of  glycerine. 
Perosmic  add  might  also  be  tried  in  this  connection. 

To  study  the  cells  in  the  beaker-shaped  organs  of  Fishes,  F.E.  Schulxe  recommends 
teasing  the  preparation,  after  maceration  for  a  short  time  in  a  solution  of  the  bichro- 
mate of  potassa  (0.25 — 1  per  cent). 
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CHAPTER  XXXV. 

THE  ORGAN  OF   8MKLL. 

By  professor  BABUCHIN. 

In  the  organ  of  smell  we  must  distinguish  three  component  parts :  (a), 
the  apparatus  which  appreciates  odors ;  (6),  the  conducting  apparatus ;  and 
(c)y  the  central  organ  to  which  the  sensations  of  smell  are  transmitted  by 
the  conducting  apparatus. 

The  first,  and  in  part  also  the  second  apparatus,  are  embedded  in  the 
mucous  membrane,  which  in  the  higher  animals  covers  the  upper  and 
deeper  portions  of  the  nasal  cavity ;  in  some  of  the  lower  Vertebrates  (the 
naked  Amphibia)  overspreads  a  species  of  elevations  on  either  wall  of  the 
simply-formed  nasal  passage ;  in  others  (the  Fishes)  forms  numerous  bui 
regular  folds  on  the  floor  of  the  nasal  foss8B,  between  which  or  on  which 
are  the  sensitive  elements.  We  cannot,  however,  go  into  a  detailed 
description  of  all  the  external  peculiarities  and  modifications  of  the  organ 
of  smell  in  all  the  diiferent  animals ;  this  belongs  rather  to  the  domain  of 
comparative  anatomy.  Our  principal  object  is  to  describe  the  physiological 
elements  of  the  organ  and  their  relations  to  each  other. 

The  mucous  membrane,  which  contains  the  perceptive  elements,  exhibits 
peculiarities  by  which  even  with  the  naked  eye  it  can  be  distinguished  from 
the  rest  of  the  nasal  mucous  membrane.  It  is  either  of  a  yellow  color  (in 
Men,  Sheep,  Calves)  or  of  a  brownish  color  (in  Guinea-pigs,  Babbits,  Dogs  and 
other  Mammalia).  For  this  reason  the  name  of  locus  luteus  has  been  given 
to  the  entire  surface  covered  by  this  mucous  membrane.  But,  as  this  por- 
tion of  the  nasal  mucous  membrane  is  not  characterized  by  a  peculiar  color 
in  all  animals,  it  is  preferable  to  adopt  another  name — regie  olfactoria — by 
which  is  designated  only  that  region  of  the  nasal  mucous  membrane  where 
the  nerves  of  smell  split  up  and  terminate.  There  are,  however,  other 
characteristics  besides  the  color  which  mark  out  this  region.  The  portion 
of  mucous  membrane  which  covers  it  is  thicker,  softer,  and  more  succulent 
than  the  surrounding  portions,  and  exhibits  these  peculiarities  in  different 
degrees  in  the  different  animals.  In  Birds,  for  example,  this  region  is  re- 
sistent,  and  presents  hardly  any  peculiarities  to  the  naked  eye;  while,  in 
the  Plagiostomata,  it  looks  as  if  its  surfiebce  was  composed  of  thick  mucus. 

The  works  of  Todd-Bowmann,*  Eckhardt,f  Ecker,J  and  others,  have 
done  much  for  our  knowledge  of  the  structure  of  the  olfactory  region,  but 
a  solid  foundation  for  it  dates  only  from  the  investigations  of  Max  Schultze.§ 
Future  labors  can  only  concern  special  details,  but  not  shake  the  facts  dis- 
covered by  Schultze,  as  has  been  attempted  by  some  authors. 

♦  PhysMogieal  Anatomy^  vol.  ii. 
t  Bdtrage  tur  Anatomtsund  Physiciogie,  Heft  1.  1855. 

X  ** Bericht  aber  die  Verhandl  z.  Bef.  d.  Naturwissensch."  zu  Freiberg,  1855,  No.  18, 
Zeiticfir.  fur  wuaenach.  Zodogie,  Bd.  viii.     185G. 
§  Unternu^ungm  uber  die  ^oeenMlUemhaut,  1862. 
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An  idea  of  the  grosser  relations  of  the  olfjicfcory  region  is  best  obtained 
from  thin  perpendicular  sections  through  the  entire  thickness  of  the  mucous 
membi'ane.  These  can  be  most  easily  obtained,  according  to  my  experience, 
from  the  mucous  membrane  after  it  has  been  hai'dened,  with  the  subjacent 
bone,  in  a  solution  of  chloride  of  gold. 


Fig.  803.  A  yertical  section  of  the  septum  nasi  of  the  Guinea-pig  (chloride  of  gold 
preparation),  a,  medulla  of  the  bone;  b,  bone;  c,  periosteum;  3,  glandular  layer 
(not  given  in  deteU) ;    e,  branchea  of  the  nerves  of  smell ;  /,  epithelial  layer. 

In  this  way  the  different  elements  retain  their  normal  position,  and  are 
sharply  defined  from  each  other.  In  thin  sections  of  the  nasal  septum  of 
the  Guinea-pig,  prepared  in  this  way,  we  find  that  the  bony  portion  of  the 
septum  is  covered  with  a  periosteum,  immediately  upon  which  is  a  thick 
layer  of  numerous  glands  closely  packed  together  (fig.  303).  These,  "  Bow- 
mann's  glands,"  as  they  are  called  by  Kolliker,  are  long  follicles,  which, 
according  to  the  species  of  animal,  are  simple,  rather  flask-shaped  than 
tubular,  or  composite  with  projections  and  twistings  of  their  blind  extremi- 
ties. For  this  reason  it  is  seldom  possible,  in  perpendicidar  sections  of  the 
mucous  membrane  from  the  higher  animals,  to  follow  out  a  single  gland  for 
its  entire  length,  as  will  be  seen  in  the  accompanying  wood-cuts ;  we  meet, 
for  the  most  part,  only  separate  portions  at  different  levels.  In  the  lower 
animals  we  can  obtain  better  results.  The  glands  contain  an  epithelium, 
which,  near  their  blind  extremities,  is  composed  of  large,  granular,  rounded 
cells,  which  in  some  animals  contain  yellow  or  brown  pigment.  Under  the 
influence  of  the  chloride  of  gold  they  become  of  a  deep  black  color.  The 
epithelium  has  a  more  polygonal  form  and  is  less  granular  at  the  outlets  of 
the  glands ;  the  outlets  extend  through  the  layer  above  them  to  the  internal 
surface.  Sometimes  we  find  at  their  mouths  a  funnel-shaped  depression  of 
the  mucous  membrane.  In  the  lower  animals  (Frog)  it  in  easy  to  demon- 
strate that  the  entire  length  of  the  outlet,  up  to  its  termination  at  the  sur- 
face of  the  mucous  membrane,  is  lined  with  smaller  cells.  Just  back  of  the 
mouth  we  find  also  small  epithelial  cells  lengthened  in  the  direction  of  tho 
long  axis  of  the  outlet. 

At  the  junction  of  the  olfactory  region  with  the  ordinary  mucous  mem- 
brane the  glands  become  less  numerous,  and  finally  disappear,  giying  place 
to  the  ordinary  mucous  glands. 

Accordiug  to  Kolliker,  in  Man,  even  in  the  olfactoiy  region,  we  find 
ordinary  mucous  glands  instead  of  those  which  have  just  been  described, 
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but  M.  Schaltze  asserts  that  these  glands  represent  a  transition  form  and 
remind  one  of  the  Meibomian  glands.* 


Fig.  804. 


Fig.  804.  Section  of  the  olfactory  muoous  membrane  of  the  Frog,  a,  Bowmann^a 
gland;  5,  its  outlet;  «,  little  bundles  of  nerves  which  ran  between  the  epithelial 
cells. 

In  Fishes  the  glands  are  entirely  absent  and  are  replaced  by  mucous  cells. 

Between  the  glands  we  find  ordinary  connective  tissue,  which  near  the 
bones  becomes  continuous  with  the  periosteum,  and  externally  borders  on 
the  epithelial  layer.  I  have  been  unable  to  find  here  a  special  basemeat 
membrane,  such  as  Hoffinann  describes.  This  membrane  is  only  the  ap- 
pearance produced  by  the  line  of  demarcation  Ixitween  the  connective  tissue 
and  the  epithelium.  In  both  the  superficial  and  deep  layers  of  the  con- 
nective tissue  there  are  many  fusiform  and  branching  cells,  which,  especial]  j 
in  the  lower  animals,  may  contain  black  pigment.  M.  Schultze  has  also 
observed  in  the  higher  animals  pigment  cells  and  free  masses  of  pigment. 
We  also  find  embedded  in  the  connective  tissue  vessels  and  branches  of  the 
olfactory  nerves,  which  are  particularly  plain  in  chloride  of  gold  prepara- 
tions. 

The  outer  layer  of  the  olfactory  mucous  membrane  consists  of  epitheliuna. 
In  gold  preparations,  as  is  represented  in  fig.  303,  we  can  distinguish  two 
portions  in  this  layer  :  an  outer  finely  striated  and  an  inner  granular  layer. 
Eckhardt  and  Ecker  have  in  part  described  the  real  condition,  but  the  fine 
researches  of  M.  Schultze  have  completely  demonstrated  the  structure  of 
this  epithelial  layer.  By  these  researches  it  is  shown,  that  in  all  Verte- 
brates the  epithelial  portion  of  the  olfactory  organ  is  formed  after  one  and 
the  same  type,  so  that  a  description  of  the  structure  of  this  part  in  any  one 
animal  is  sufficient  to  give  a  complete  and  correct  representation  of  it  in  aU. 
"We  therefore  choose  an  animal  in  which  the  epithelial  cells  are  large  and 
easily  isolated,  as  in  the  Proteus,  in  which  the  physiological  elements  reach 
a  gigantic  size,  and  have  as  yet  been  but  little  examined.  If  we  first  place 
the  entire  olfactory  organ  of  a  Proteus  in  Mliller's  fluid  for  a  day,  then 
leave  it  for  a  day  in  distilled  water,  and  finally  pick  apart  a  portion  of  the 
olfactory  region,  it  can  be  plainly  seen  how  the  epithelial  layer  is  composed 
of  separate  groups  of  cells.  Of  these  groups  we  distinguish  an  outer  half, 
apparently  composed  of  the  finest  threads,  which  is  furnished  at  its  outer 

*  M.  Schultze  has  since  this  observed  racemose  muoous  glands  in  the  ol&ctory 
region  of  Man.     CmtralbL  far  med.  WiasenMh,  1864.  No.  25. 
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end  witH  long  dlia,  and  an  inner,  composed  of  large,  closely  packed  nuclei, 
of  which  one  is  larger  than  the  rest,  is  of  oval  form  and  is  usually  placed 
externally.  A  further  isolation  of  the  elements  shows  that  each  of  these 
groups  is  composed  of  two  kinds  of  cells :  a  few  large,  and  numerous  other 
cells,  each  of  which  has  a  large,  round  nucleus,  and  very  long,  fine  pro- 
cesses (fig.  306).  The  largest  of  these  processes  runs  outwards;  the  other 
is  very  fine,  nins  inwards,  and  can  be  followed  up  to  the  edge  of  the 
sub-epithelial  connective  tissue.  These  are  the  olfiictory  cells  of  M.  Schultze, 
which  have  the  property  of  perceiving  odors.  Their  outer  ends  bear  the 
long,  fine  cilia  *  already  mentioned,  and  appear  in  prepai'ations  macerated 
in  MuUer's  fluid,  of  zigzag  and  undulating  shape.  In  gold  preparations,  or 
in  those  treated  with  sulphuric  acid,  these  processes  appear  as  fine,  varicose 
threads. 


Fig.  805. 


Fig.  806. 


Fig.  805.  A  group  of  olfactory  cells 
from  a  Proteus,  with  some  of  the  inner 
epithelial  cells  (M^ez's  fluid),  a,  on  iso- 
lated olfadiory  cell,  after  maoeration 
with  Tery  dilate  Bulphuzic  add. 


Fig.  306.  An  a,  epithelial  cells  from 
the  olfactory  region  of  a  Proteus  (Mai- 
ler's fluid) ;  b,  tiie  apparent  processes  ; 
e^  olfactory  cells ;  By  epithelial  and  ol- 
factory ceUs  from  Han,  after  M. 
Schultze. 


With  stronger  magnifying  powers  it. can  be  demonstrated  that  a  fine  con- 
tinuous thread  may  be  traced  through  all  the  varicosities.  From  this  we 
may  conclude  that  the  outer  process  of  the  olfactory  cell  consists  of  two 
substances  throughout  its  entire  length :  an  outer,  which  swells  up  under 

*  This  apparent  contradiction  on  the  part  of  Max  Schultze,  according  to  whom  the 
dlia  in  Proteas  are  wanting  and  must,  as  in  those  animals  that  breathe  by  means  of 
gills,  necessarily  be  wanting,  can  only  be  accounted  for  by  the  fact  that  this  profound 
observer  only  had  a  single  animal  at  his  disposal— one  that  had  been  preserved  for  a 
long  time  in  a  solution  of  bichromate  of  potassa. 
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the  influence  of  cei*tam  reagents,  and  an  inner  thread,  which  remains  unal- 
tered. The  central  process  of  the  olfactory  cells  shows  the  same  conditions, 
with  the  difference  that  it  is  much  finer,  and  often  has  a  thickness  which 
can  hardly  be  measured.  I  have  found  in  Tritons  that  the  length  of  these 
processes  with  that  of  the  other  portions  of  the  olfactory  cell  is  sometimes 
much  longer  than  the  thickness  of  the  epithelial  layer  (fig.  307).  They 
must,  therefore,  either  penetrate  into  the  sub-epithelial  layer,  or  run  in  a 
horizontal  direction  along  the  edge  of  the  epithelial  layer.  The  second  con- 
dition I  have  actually  observed  in  the  Proteus.  The  cells  just  described 
surround  on  all  sides  the  large  cells  jnentioned  above,  which  have  a  large 
oval  nucleus  and  penetrate  through  the  entire  thickness  of  the  epithelial 
layer ;  their  outer  halves  appear  more  or  less  cylindrical,  in  the  Triton  and 
Proteus   are  transparent,  and  often   plainly  striated  in  their   long  axes 


Fig.  307. 


Fig.  307.  J.,  an  epithelial  and  two  olfactory  cells,  from  the  junction  of  the  olfac- 
tory and  ordinary  mucous  membrane  (Triton) ;  B^  peculiar  epithelial  cells  from  the 
olfactory  mucous  membrane  ;  a,  the  Raja  elevata,  after  M.  Schultze ;  6,  the  Proteus. 

(fig.  306).  I  have  been  able  to  convince  myself  that  this  striation  is  not 
due  to  the  surrounding  olfactory  cells.  The  striation  does  not  involve  the 
entire  thickness  of  the  cells,  but  only  their  surfaces.  At  the  outer  ends  of 
the  cells,  which  are  free  from  cilia,  we  can  distinguish  a  series  of  small 
points,  which  surround  the  entire  end,  but  do  not  resemble  the  edge  of  an 
ordinary  cylindrical  epithelial  cell.  The  inner  half  of  these  cells  is  not  so 
regularly  formed  as  the  outer ;  but  I  doubt  the  assertions  of  some  authors, 
that  it  is  composed  of  branching  processes.  Its  form  is  very  variable,  and 
we  can  consider  it  as  if  this  half  at  first  had  the  appearance  of  a  thick  or 
thin  cylinder,  composed  of  a  soft,  transparent  substance,  into  which  the 
round  bodies  and  the  nuclei  of  the  olfactory  cells  were  pressed  from  all 
siaes.  In  this  way  folds  are  formed  of  which  the  edges  appear  sharper  than 
the  surrounding  substance,  and  in  their  course  form  figures,  and  simulate 
the  processes  spoken  of  by  other  authors.  But  we  can  demonstrate  with 
aniline  staining  that  a  very  fine,  transparent  substance  is  stretched  be- 
tween these  processes,  which  has  longitudinal  striations.  The  independent 
nature  of  this  striation  is  here  still  more  evident,  for  the  reason  that  here 
there  are  no  impressions  produced  by  any  thread-shaped  elements.  The 
anner  process  swells  into  a  cone  close  to  the  subjacent  connective  tissue,  and 
then  splits  up  into  numerous  short  threads.  It  is  very  remarkable  that, 
onder  the  influence  of  some  reagents,  the  inner  process  has  a  different  ap- 
pearance. If  epithelial  cells  from  the  Proteus,  which  have  been  treated 
witn  MuUer^s  fluid,  or  iodized  serum,  are  soaked  for  some  time  in  dilute 
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glycerine,  the  transparent  substance  disappears,  and  the  folds  mentioned 
above  look  like  branching  processes.  If  we  treat  with  nitrate  of  potash 
the  mucous  membrane  of  the  olfactory  region  in  animals  in  which  this  is 
but  slightly  pigmented,  we  i-etain  a  very  elegant  picture,  which  shows  at 
once  how  the  olfactory  cells  are  situated  relatively  to  those  just  described. 
We  bring  into  view  figures  which  represent  the  ends  of  the  large  cells  sur- 
rounded by  a  great  number  of  black  points,  which  according  to  the  species 
of  animal  are  more  or  less  thickly  packed,  and  are  really  the  ends  of  the 
olfactory  cells  (fig.  308). 

The  relations  just  described  are  repeated  in  all  animals,  including  the  In- 
vertebrates (Cephalopods^  Semoflf),  with  trifling  modifications,  "nius,  for 
example,  M.  Schultze  has  asserted  that  in  Mammalia,  and  also  in  Man,  the 
olfactory  cells  possess  no  dlia,  or  as  he  calls  them  olfeictory  hairs,  which  only 
means  that  these  hairs  do  not  represent  a  necessary  condition  in  the  percep- 
tion of  smell  and  are  not  therefore  deserving  of  any  special  name.  Where 
the  olfactory  hairs  exist  (Birds,  Amphibia)  they  appear  as  stiff  hairs,  of 
which  only  one  of  great  length  is  attached  to  each'olfactoiy  cell,  or  as  bun- 
dles of  fine  cUia.  These  again  are  motionless 
or  have  a  slight  motion  of- their  own.     In  some  Fig.  808. 

animals  there  are  olfactory  cells  with  both  kinds 
of  hairs.  Sometimes  that  portion  of  the  olfac- 
tory cell  which  contains  the  nucleus  has  a  fusi- 
form shape.  In  some  animals  the  outer  proces- 
ses are  much  thicker,  in  others  more  delicate, 
and  become  varicose  softer  maceration  in  fliiids. 
M.  Schultze  has  also  shown  that  the  large  epithe-  tii       i^         # 

Hal  cells  in  some  Mammalia  .are  more  or  less  pig-  the  ^itheUal  layer'^f  ^  ol- 
mented,  and  that  the  yellow  pigment  is  situated  factory  region  treated  with 
either  in  the  outer  or  inner  portion  of  these  cells,  nitrate  of  silver.  (Proteus.) 
by  which  the  color  of  the  olfactory  region  al- 
ready mentioned  is  in  part  produced.  In  the  Mammalia  and  in  Man  there 
are  only  epithelial  cells  without  cilia  in  the  regio  olfactoria  proper,  and 
although  near  these  there  are  in  places  ordinary  ciliated  epithelial  cells, 
yet  between  these  last  there  are  no  olfactoiy  cells.  In  the  Plagiostomata, 
on  the  contrary,  the  olfactory  region  is  principally  covered  with  ciliated 
epithelium. 

Besides  the  two  kinds  of  cells  described,  there  is  in  the  Pl^ostomata  (M. 
Schultze),  in  the  Proteus  and  Triton  (myself),  and  perhaps  in  many  other 
animals,  still  another  species  of  cell  situated  in  the  epithelial  layer,  which 
resembles  Engelmann's  fork-shaped  cells.  Their  form  is  very  variable  and 
may  be  seen  in  the  accompanying  figures  (fig.  306,  S),  Their  central  end 
rests  on  the  subepithelial  layer  and  l^eaks  up  at  that  point  into  fine  threads. 
Their  peripheric  end  does  not  reach  to  the  surface  of  the  epithelial  layer,  and 
either  terminates  in  a  conical  point  or  is  branched.  Their  form  is,  as 
already  mentioned,  very  variable.  Thus  we  find  in  the  Proteus  cells  which, 
from  their  branching  form,  resemble  multipolar  nerve  cells. 

Finally  we  often  find,  especially  in  young  animals,  in  the  deeper  portions  of 
the  epithelial  layer  round  cells  without  any  processes,  which  must  be  con- 
sidered as  material  for  the  formation  of  the  olfactory  and  epithelial  cells. 

The  conducting  apparatus  of  the  organ  of  smell  consists  of  the  olfactory 
nerves,  which  arise  from  the  bulbus  olfactorius  by  one  or  by  several  trunks, 
according  to  the  species  of  animal,  and  are  then  distributed  in  the  mucous 
membi-ane  of  the  olfactory  organ.  The  nerves,  which  can  be  easily  split 
into  bundles,  run  in  an  oblique  or  horizontal  direction  in  the  glandular 
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layer.  From  these  trunkB  numerous  branches  are  given  off  which  bifurcate 
repeatedly  at  various  angles  and  run  outwards  into  the  epithelial  layer. 
In  gold  preparations  they  can  be  traced  up  to  the  surface  of  this  layer.  In 
the  opposite  direction  the  nerves  run  to  the  bottom  of  Bowmann's  glands. 

As  to  the  finer  structure  of  these  nerves,  this  has  already  been  sufficiently 
examined  by  M.  Schultze  and  is  described  on  pages  121  and  122  of  this  book. 
I  cannot,  however,  agree  with  this  observer,  that  the  olfactory  nerves  con- 
tain primitive  nerve  fibres,  which  are  formed  after  the  type  of  the  fibres  of 
Bemak,  that  is,  of  a  nucleated  sheath  of  Schwann  and  fibrillated  contents. 
According  to  M.  Schnitzels  representation,  the  olfactory  nerves  break  up 
into  bundles  of  primitive  fibres.  In  some  animals  these  bundles  consist  of 
fibrillse,  and  are  contained  in  a  nucleated  sheath,  which  he  calls  the  sheath 
of  Schwann.  In  other  animals,  again,  the  bundle  of  primitive  fibres  breaks 
up  within  its  sheath  into  primitive  fibres,  of  which  each  one  consists  of 
fibrillse  and  of  a  sheath  of  Schwann.  According  to  my  experience  in  all 
animals  the  bundles  in  question,  whether  they  have  or  have  not  sheaths, 
are  composed  of  the  finest  fibrilhe,  held  together  by  finely  granular  matter. 
In  some  animals,  besides  this,  nuclei  may  be  arranged  between  the  fibrilhe 
in  regular  rows,  so  that  the  entire  bundle  is  separated  into  secondary 
bundles  without  sheaths.  The  sheath  of  the  primitive  bundle  cannot  rep- 
resent the  sheath  of  Schwann ;  it  is  rather  to  be  compared  with  the  neurilem- 
ma from  a  morphological  point  of  view,  whatever  its  properties  and  struc- 
ture may  be.  We  must  also  assume  this  where  there  are  no  nuclei  between 
the  fibrillse,  and  no  secondary  bundles  are  formed,  as  is  the  case,  for  exem- 
ple,  according  to  M.  Schultze,  in  the  Pike.  If  we  should  consider  the 
sheath  in  this  case  as  the  sheath'  of  Schwann,  we  must  also  do  so  where  the 
fibril  lee  split  up  within  the  sheath  into  secondary  bundles,  which  according 
to  M.  Schultze  are  also  provided  with  sheaths  of  Schwann ;  this  would  sig- 
nify, in  other  words,  that  nerve  fibres  invested  with  sheaths  of  Schwann  were 
enclosed  together  in  a  common  sheath  of  Schwann.  I  may  add  also  that  in 
many  animals,  especially  in  the  Plagiostomata,  I  have  not  been  able  to  con- 
vince myself  that  the  primitive  bundles  of  fibres  contained  any  such 
sheaths.  The  method  of  development  of  the  peripheric  nervous  system 
makes  it  probable  that  the  olfactory  nerves  should  be  considered  as  embty- 
piiic  nerves,  which  have  been  aiTested  at  the  second  step  of  their  develop- 
ment, while  the  fibres  of  Remak  reach  a  farther  point  in  their  development. 
The  nuclei  which  are  found  between  the  fibrillsa  of  the  olfactory  nerves 
are,  for  the  most  part,  veritable  cells.  They  have  frequently  a  fusiform 
shape,  and  their  fine  processes  adhere  closely  to  the  nerve  fibriUse.  I  shall 
have  an  opportunity  to  speak  still  more  fully  of  this  subject  at  another 
place  in  this  book. 

The  question  now  presents  itself,  what  becomes  of  the  nerve  fibrill»  after 
they  have  reached  the  epithelial  layer  ?  We  can  only  answer  this  question 
hjrpothetically.  Attempts  made  with  the  gold-staining  have  not  demon- 
strated that  the  nerve  tibrillse  terminate  as  they  do  in  the  cornea,  which  is 
what  we  would  naturally  expect.  After  having  found  that  the  large  epithe- 
lial cells  are  undoubtedly  covered  with  fine  longitudinal  sti-iae  over  their 
entire  length,  although  these  strife  can  only  be  seen  under  favorable  con- 
ditions, we  might  suppose  that  the  finest  fibrillsB  of  the  olfactory  nerves, 
after  they  had  passed  through  the  epithelial  layer,'  surrounded  the  large 
epithelial  celbj  on  all  sides  and  with  them  reached  to  the  surface  of  the  epi- 
thelial layer.  This  supposition  could  be  strengthened  by  the  feet  that  die 
cone-shaped  inner  ends  of  the  large  epithelial  cells  break  up  into  fine  fibres. 
But  I  think  that  for  the  present  such  a  supposition  would  be  rather  too 
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sanguine.  The  number  of  observations  published  concerning  striated 
cells  increases  every  day.  Thus,  for  example,  it  has  been  long  known 
that  the  lens  fibres  often  appear  striated  in  their  long  axes.  Piluger  has  ob- 
served striation  of  nearly  all  l^e  cells  which  make  up  the  salivary  glands.  I 
have  myself  seen  that  a  regular  striation  is  formed  on  the  crystalline  body 
of  some  Sea-crabs  under  the  influence  of  certain  reagents.  Finally,  I  have 
observed  that  the  contents  of  the  beaker  cells  sometimes  look  as  if  they 
were  composed  of  fine  fibres.  This  warns  us  to  be  careful  in  explaining  the 
strisB  and  not  to  consider  everything  to  be  nervous  that  is  striated.  I  must 
also  call  attention  to  the  fact  that  in  the  Triton,  at  the  junction  of  the  epi- 
thelium of  the  olfactory  region  with  the  ordinary  epithelium,  where  the  ol- 
factory and  epithelial  cells  become  thicker  and  shorter,  the  inner  ends  of  the 
epithelial  cells  are  very  broad  and  show  no  striation  (fig.  306). 

M.  Schultze  has  already  for  some  time  past  spoken  of  the  hypothesis  that 
the  fibrillar  of  the  olfactory  nerve  are  continuous  with  the  inner  ends  of  the 
olfactory  cells.  As  the  principal  support  of  this  hypothesis  he  calls  atten- 
tion to  the  complete  chemical  and  morphological  analogy  between  the  cen- 
tral ends  of  these  cells  and  the  nerve  fibrillas.  As  a  farther  proof  of  this 
hypothesis,  I  may  add  that  the  olfactory  nerves  are  stained  of  a  blackish- 
violet  color  by  the  chloride  of  gold,  and  that  occasionally  the  processes  of 
the  olfi&ctory  cells  are  stained  of  the  same  color,  while  their  nuclei  remain 
white  and  transparent.  I  possess  a  preparation  from  a  Tortoise,  one  out  of 
many  hundred  sections,  in  which  can  be  observed  the  immediate  passage  of 
the  nerve  fibrillse  into  the  epithelial  layer.  From  the  deeper  branches  of 
the  olfactoiy  nerve  the  twigs  pass  almost  perpendicularly  into  the  epithelial 
layer.  These  twigs  are  fibrillated  and  possess  nuclei.  After  still  farther 
subdivision  they  reach  the  edge,  and  there  break  up  into  a  few  fibrillsB  and 
very  fine  bundles,  which  spread  out  horizontally  and  like  a  fan  for  a  short 
distance,  and  then  run  in  a  perpendicular  but  tortuous  course  into  the  epi- 
thelial layer,  where  they  can  be  followed  up  to  the  nuclei  of  the  olfactory 
cells.  This  might  well  raise  M.  Schultze's  hypothesis  to  an  actual  fact,  if  we 
possessed  in  the  chloride  of  gold  a  substance  which  only  stained  the  nervous 
elements,  and  if  this  reagent  were  not  so  very  uncertain  in  its  action. 
There  is  also,  as  was  mentioned  above,  in  the  epithelial  layer  of  the  olfac- 
tory region  a  particular  kind  of  cells — very  similar  to  Engelmann's  forked 
cells.  It  is  a  matter  of  taste  whether  or  no  to  consider  these  as  the  termi- 
nations of  the  nerves. 

We  can  often  obtain  pictures,  in  which  it  is  evident  how  the  nerve  fibril- 
he  joined  in  bundles  penetrate  into  the  epithelial  layer  and  pass  far  outwards 
between  the  epithelial  cells,  which  would  lead  to  the  supposition  that  they 
terminated  by  free  extremities  (fig.  304,  c.)  This  contradicts  apparently 
what  has  been  previously  said  concerning  the  termination  of  the  nerves,  but 
only  apparently.  When  we  remember  that,  as  I  have  convinced  myself  after 
observing  every  precaution,  the  olfactory  region  is  also  sensitive ;  when  we 
farther  remember  how  probable  it  is  that  sensation  and  smell  are  effected 
by  different  nerves,  it  becomes  very  natural  to  consider  the  free  termination 
of  nerves  observed  by  me  as  belonging  to  the  sensitive  fibres.  M.  Schultze 
has  in  addition  observed  medullated  fibres  between  the  non-medu Hated.  Not 
less  difficult  to  answer  is  the  question  of  the  relations  of  the  olfactory  fibril- 
Ise  to  the  central  portions  of  the  organ  of  smell.  It  has  been  known  for  a 
long  time  through  the  works  of  Walter,*  Leydig,f  and  M.  Schultze,  J  and  has 

*  Yixchow'8  ArehiVj  xzii.  f  Lehrbueh  der  BigMogU,  1857. 

X  Lea  cit. 
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been  recently  confirmed  by  Meynert,*  that  the  olfactory  fibriliss  arise  in  bun- 
dles from  large  globular  bodies,  which  are  embedded  in  the  bulbus  olfao- 
torius.  Yet,  as  Kolliker  says  in  his  book,  it  has  not  yet  been  possible  thor- 
oughly to  establish  the  finer  structure  of  these  bodies.  Tlie  best  results  are 
to  be  obtained  by  examining  the  various  relations  of  these  bodies  in  the 
Plagiostomata,  in  whom  the  same  constituent  parts  which  make  up  the  cen- 
tral apparatus  of  the  higher  animals  are  separated  from  each  other  and  inde- 
pendent. In  the  Torpedo,  for  example,  the  bulbus  olfactorius  is  situated 
immediately  at  the  olfactory  fossa  and  is  joined  by  the  long  and  slender 
tractus  olfactorius  to  the  anterior  temporal  lobes.  The  membrane 
covering  the  tractus  is  continuous  with  that  covering  the  bulb,  in  which  the 
rounded  bodies  mentioned  above  are  irregularly  scattered. 

They  are  separated  from  each  other  by  nerve  fibres  and  vessels,  possess  a 
finely  granular  structure,  and  appear  to  be  covered  with  nuclei.  In  the  Tor- 
pedo it  is  easy  to  demonstrate  that  these  apparent  nuclei  are  really  small 
nerve  cells;  some  of  which  are  bipolar,  the  majority  multipolar.  One  of 
the  processes  of  these  cells  sometimes  appears  smooth  and  runs  towards  the 
olfactory  tract,  where  it  becomes  covered  with  medulla.  The  other  processes 
are  at  first  thick,  then  break  up  into  a  number  of  branches,  which  pass  into 
the  globular  bodies.  If  a  nerve  cell  is  bipolar,  the  finer  process  passes  into 
the  olfactory  tract ;  the  other  process,  which  is  distinctly  fibrillated,  passes 
into  the  rounded  bodies,  where  it  breaks  up  into  fine  fibrillsB.  The  fibrill» 
are  sometimes  spread  into  a  sphere  without  any  order  and  pass  out  from  one 
side  of  it  united  in  bundles ;  sometimes  they  are  united  into  a  bundle  in  the 
sphere,  run  a  tortuous  course,  and  are  joined  to  the  other  bundles  of  the  olfac- 
tory nerves  (fig.  309). 

Fiff.  809. 


Fig.  809.  An  isolated  globular  body  with  adherent  nerve  ceUs,  from  the  bulbus  ol- 
factorius of  the  Torpedo ;  d,  isolated  nerve  cells. 

What  can  be  the  morphological  signification  of  these  spherical  bodies  ?  Are 
they  peculiar  formations,  or  do  they  have  analogies  in  the  nervous  system  ? 

♦   Viertelidhrschnft  fur  Pspchiatrie,  ii.  Jahrg.,  1,  4,  102. 


Digitized  by 


Google 


FIBRES   OF   THE   TRACTUS   0LFACT0RIU8.  801 

Although  at  the  first  glance  they  appear  finely  granular,  yet  in  very  thin 
sections  they  appear  to  have  the  same  structure  as  the  so-called  molecular 
layer  of  the  retina.  But  I  do  not  think  it  would  be  entirely  correct  to 
afisiime  that  we  have  here  a  reticulated  or  spongy  connective  tissue.  It  is 
rather  a  coil  of  the  finest  fibrillse,  of  which  we  know  the  origin,  and  between 
which  there  is  an  abiindant  finely  granular  mass.  We  find  the  same  rela- 
tions in  every  place  where  there  are  only  nerve  fibrillae,  or,  in  other  words, 
where  the  axis  cylinders  are  bare,  or  where  the  nerves  have  not  reached  the 
higher  degrees  of  development.  If  such  fibrillaa  run  parallel  to  each  other, 
as  is  the  case  with  the  embryonic  or  the  olfactoiy  nerves,  then  the  bundles 
of  fibril  he  have  a  striated,  granular  appearance.  The  finest  granules,  or  per- 
haps a  substance  which  is  changed  into  granules  by  certain  reagents,  stick 
«o  fast  to  the  fibriUiB  and  glue  them  so  closely  together  that  it  is  diflScult 
to  isolate  them. 

If  the  fibrilliB  have  an  irregular  and  complicated  course,  then  we  have  the 
appearance  of  reticulated  connective  tissue,  which  is  principally  produced  by 
the  granules ;  then  it  is  nearly  impossible  to  isolate  the  nerve  fibrill^,  as  is 
the  case  with  the  globular  bodies  of  the  regio  olfactoria.  I  am  very  much 
disposed  to  assume  that  the  same  relations  are  repeated  in  the  retina  and 
perhaps  in  other  portions  of  the  nervous  system. 

The  tractus  olfactorius  consists  exclusively  of  medullated  nerve  fibrei^ 
which  have  no  sheath  of  Schwann.  After  they  have  reached  one  of  the 
two  projections,  which  in  the  Torpedo  are  situated  on  both  sides  of  the  large 
hemispheres,  they  penetrate  into  the  reticular  substance,  gradually  lose  their 
medullary  covering,  and  are  joined  with  numerous  small  nerve  cells,  of 
which  some  are  bipolar,  the  others  multipolar.  This  constitutes  the  only 
certainty  which  I  have  found  from  my  examinations  of  the  central  apparatus 
of  the  organ  of  smell  in  the  Plagiostomata.  Any  further  elements  of  this 
apparatus  were  inaccessible  to  me,  and  the  literature  gives  no  sure  account  of 
them.  All  the  relations,  however,  which  have  been  described  of  the  origin 
of  the  nervus  olfactorius  are  also  true  for  the  higher  animals — no  matter 
how  different  the  structure  may  appear  at  the  first  glance.  In  every  case 
the  fibres  of  the  tractus  olfactorius  spring  immediately  from  a  finely  gi'anu- 
lar,  reticulated  mass,  whether  they  have  the  form  of  globular  bodies  or 
some  other. 

This  mass  is  in  all  cases  covered  with  small  nerve  cells.  The  processes 
which  run  inwards  to  the  olfactorius  and  the  cei*ebrum  are  in  all  cases 
changed  into  medullated  nerve  fibres,  which  are  again  \mited  with  oth(  i 
nerve  cells.  The  only  difference,  therefore,  is  in  the  topogiaphy  of  the  partj^ 
and  is  merely  accidental.     This  belongs  to  another  chapter  of  this  book. 

Daring  the  last  revision  of  these  sheets  Exner  (Wiener  SitzuiigsberiehU)  has 
published  some  observations  on  the  olfactory  mucous  membrane  of  the  Frog.  Ac- 
cording to  what  I  can  gather  from  his  paper,  the  branches  of  the  olfactory  nerve 
break  up  into  a  meshwork  between  the  connective  tissue  of  Uie  mucous  membrane 
and  the  epithelium,  from  which  arise  the  central  processes  of  the  olfactory  cells*  and 
of  the  epithelial  cells.  The  fibres  of  the  trigeminus  form  a  plexus  with  wide  meshes 
in  the  connective  tissue  of  the  mucous  membrane. 
51 
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TBCB3    OTIG-AN   OW  VISION", 

1.  The  Retina. 
By  max  SCHULTZE. 

The  retina  is  the  membnuious  terminal  expansion  of  the  optic  nenre  in 
the  background  of  the  eyeball.  It  contains,  besides  nerve  fibres,  Tarious 
forms  of  nerve  ceUs,  which  are  distributed  in  the  course  of  the  fibres  before 
they  reach  their  peripheric  exti*emities ;  these  extremities  being  distinguish- 
ed by  a  peculiar  terminal  apparatus,  namely,  the  rods  and  cones  of  the 
retina,  which  are  surrounded  by  pigmented  sheaths.  The  nerve  fibres  and 
nerve  cells  of  the  retina  are  embedded  in  a  spongy  connective  substance 
which  may  be  considered  as  a  continuation  of  that  of  the  optic  nerve,  and 
which  is  very  similar  to  the  connective  substance  of  the  central  organs  of 
the  nervous  system.  Blood-vessels  and  perhaps  also  lymphatic  vessels  make 
up  a  part  of  tiiis  connective  substance. 

The  elements  of  the  retina  arrange  themselves  in  layers  parallel  to  the 
surface  of  the  hollow  sphere  formed  by  the  coatings  of  the  eyeball.  The 
innermost  of  the  retinal  layers,  lying  next  the  corpus  vitreum,  is  the  mem- 
brana  limitans  interna.  Its  attachment  to  the  vitreous,  especially  in  the 
region  of  the  ora  serrata,  under  some  circumstances  renders  the  separation 
of  the  retina  exceedingly  difficult,  whether  in  the  fresh  or  in  the  well- 
preserved  state.  The  outermost  of  the  layers  is  that  of  the  rods  and  cones, 
including  the  pigment  sheaths,  which  are  formed  by  a  special  cell- layer, 
namely,  the  pigmented  cell-layer  of  the  retina.  This  layer  lies  upon  the 
choroid,  and  in  fia^t  upon  the  transparent  connective  substance  of  the 
choriocapillaris,  and  often  remains  attached  to  the  same  when  the  retina  has 
been  removed,  in  which  case  the  rods  and  cones,  being  withdrawn  from  their 
pigmented  sheaths,  constitute  the  outermost  layer  of  the  retina.  On  the 
other  hand,  portions  of  the  rods  and  cones  often  remain  behind  with  the 
pigment  on  the  choroid,  since  in  well-preserved  specimens  the  pigment>layer 
does  not  readily  let  go  of  that  portion  of  the  rods  which  it  encloses  :  thus 
the  outer  segments  of  the  rods  remain  attached  to  the  choroid,  while  the 
inner  segments  go  with  the  retina. 

The  divisions  of  the  retina  are  manifold,  and  the  synonyms  in  the  nomen- 
clature threaten  to  render  difficult  the  understanding  of  ophthalmological 
literature.  It  is  therefore  important  to  unite  upon  the  simplest  possible 
method  of  designating  the  various  layers.  The  names  which  Heinrich 
Muller  consistently  employed  in  all  his  publications  on  the  retina  have 
remained  the  most  current,  and  may  be  retained  with  some  modifications. 
Only  the  membrana  limitans  externa  (M.  Schultze)  is  newly  introduced, 
and  H.  MuUer's  intergranular  layer  is  divided  into  two  distinct  layers.  I 
first  called  attention  to  the  necessity  of  this  division,  and  left  the  name  of 
intergranular  layer  to  the  constant  stratum  of  fine  granular  appearing 
substance  which  lies  between  the  inner  and  outer  granules,  but  separated 
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from  it  that  modification  of  the  layer  of  outer  granules  (considered  by  H. 
Miiller  to  be  a  part  of  the  intergranular  layer*),  which  is  highly  developed 
in  the  macula  lutea  of  Man,  and  which  consists  of  rod-  and  cone-fibres. 
Henle  names  the  intergranular  layer  (as  I  define  it)  external  molecular 
(aussere  granulirte)  layer,  and  thus  expresses  its  similarity  in  structure 
with  the  molecular  (innere  granulirte)  layer,  but  applies  the  name  external 
fibrous  layer  to  the  fibrous,  radiatiag,  inner  division  of  the  external  granule- 
layer.  To  avoid  mistake  in  the  apprehension  of  the  name  intergranular 
layer,  which  as  shown  above  means  something  different  in  H.  MiiUer's 
publications  and  in  mine,  Henle's  designation,  external  molecular  layer, 
will  be  used  in  the  following  treatise  instead  of  "  intergranular  layer." 
The  following  summary,  therefore,  gives  the  nomenclature  of  the  retinal 
layers  as  here  employed,  enumerating  from  within  outwards : — 

1.  Membrana  limitans  interna. 

2.  Layer  of  optic-nerve  fibres. 

3.  Layer  of  ganglion-cells. 

4.  Internal  molecular  layer. 

5.  Layer  of  internal  granules. 

6.  External  molecular  (intergranular)  layer. 

7.  Layer  of  external  granules,  including  the  external  fibrous  layer  which 

exists  in  certain  portions  of  the  retina. 

8.  Membrana  limitans  externa. 

9.  Layer  of  rods  and  cones. 
10.  Pigment  layer. 

All  these  layers  of  the  retina,  which  lie  between  the  two  boundary  layers, 
are  made  up  of  the  two  different  elementary  parts  already  mentioned, 
namely,  elements  of  nerve  tissue  and  elements  of  connective  substance. 
This  much  is  undeniable.  On  the  other  hand,  the  greatest  diversity  of 
opinion  prevails  on  the  question  to  which  of  the  two  groups  of  tissues  this 
or  that  fibre,  this  or  that  cell,  should  in  a  particular  case  be  reckoned.  This 
depends  upon  the  feet  that  our  researches  concerning  both  the  peripheric 
and  centric  extremities  of  nerves  everywhere  meet  with  the  unsurmounta- 
ble  obstacle  that  veiy  fine  non-medullated  nerve  fibres  cannot  be  distin- 
guished by  any  perfectly  sure  characteristic  from  fibres  of  another  nature, 
not  even  by  high  magnifying  powers ;  especially  is  this  so  when  both  kinds 
of  fibres  are  intimately  interwoven,  as  is  doubtless  the  case  in  many  portions 
of  the  retina.  In  order  to  obtain  a  foothold  for  the  distinction  of  these  two 
kinds  of  fibres,  we  shall  start  in  the  study  of  the  finer  structure  of  the 
retina  with  the  unmistakable  nerve  fibres,  as  they  diverge  from  the  optic 
nerve  and  form  the  layer  of  optic-nerve  fibres  lying  next  the  membrana 
limitans  externa.  With  the  results  here  obtained  we  shall  learn  to  search 
out  and  distinguish  the  nerve  fibres  also  in  other  layers,  in  which  the  con- 
tinuous communication  of  the  nervous  elements  can  no  longer  be  proven. 
The  supporting  connective  tissue  we  shall  afterwards  describe  in  a  special 
section,  as  well  as  the  variations  which  the  structure  bf  the  retina  under- 
goes at  the  macula  lutea,  the  fovea  centralis,  and  the  ora  serrata.  The 
vessels  of  the  retina  have  their  description  in  another  place. 

1.  The  Nebvous  Elements  of  the  Retina, 

The  optic  nerve,  at  the  point  where  it  reaches  the  external  surface  of  the 
eyeball,  as  weU  as  in  its  entire  course  through  the  orbit,  consists,  with  the 

♦  Compare  H.  Muller,  Z./.  w.  Z.,  Bd.  viii.,  Tat  il,  Fig.  17,  8. 
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exception  of  its  sheath,  its  blood-  and  lymph-yessels,  of  medullated  nerve 
fibres,  which  are  grouped  in  bundles  and  embedded  in  a  rather  firm  connec- 
tive tissue.  By  tearing  up  small  fi*agments  in  the  fresh  state  and  examining 
them  in  indifierent  fluids  there  will  be  brought  to  view  only  short  pieces  of 
nerve  fibre  with  drop-like  masses  of  nerve  medulla,  elements  which  resemble 
those  of  the  white  substance  of  the  brain.*     Longer  pieces  of  medullated 

Fig.  810. 


Fig.  310.  View  of  the  layers  in  the  Human  retina,  x  400. 
the  above  smumaiy  in  the  text. 


The  numbers  refer  to 


nerve  fibres  may  be  isolated  by  tearing  up  fine  longitudinal  sections  of  an 
optic  nerve  wluch  has  been  previously  hardened  in  preservative  fluids. 
These  also,  with  the  enlargements  and  varicosities  which  they  present,  are 
like  the  similarly  treated  medullated  nerve  fibres  of  the  white  substance  of 
the  brain.f     We  must  therefore  assume  that  the  fibres  of  the  optic  nerve, 

*  Ehrenberg  first  deacribed  and  illustrated  by  many  drawings  thia  similaricy  of  the 
optic-nerve  fibres  with  the  fibres  of  the  brain,  and  the  dissimilarity  of  other  periphe- 
ral nerves.    AbhandL  der  Acad,  der  Wusenseh.  zu  Berlin,  1854,  p.  665.     Taf.  i.-Y. 

t  Oomp.  thia  text-book,  p.  119,  fig.  81. 
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like  those  of  the  brain,  are  destitute  of  the  sheath  of  Schwann,  If,  on  the 
other  hand,  the  consistence  of  the  substance  of  the  optic  nerve  is  altogether 
greater  than  that  of  the  brain  substance,  this  is  sufficiently  explained  by  the 
great  quantity  of  finn  connective  substance  which  is  contained  in  the  optic 
nerve,  and  of  the  existence  of  which  one  may  convince  himself  on  observing 
thin  sections  of  hardened  nerve. 

Each  bundle  of  nerve  fibres  is  separated  fi-om  its  neighbor  by  a  thick 
layer  of  fibrous  connective  tissue  rich  in  blood-vessels,*  so  that  on  careful 
estimation  the  bundles  of  nei-ve  fibres  scarcely  make  up  half  the  volume  of 
the  optic  nerve.  In  each  bundle  are  mingled  nerve  fibres  of  very  different 
thickness,  the  finer  fibres  exceeding  in  numbers.  As  the  optic  nerve  perfo- 
rates the  sclerotic  at  the  so-called  lamina  cribrosa,  all  the  nerve  fibres  lose 
their  medullary  sheaths,  with  the  exception  of  certain  cases  hereafter  to  be 
mentioned.  The  consequent  diminution  in  thickness  of  the  optic  nerve  is 
qiiite  abrupt,  and  is  also  occasioned,  according  to  Lowig,f  by  a  continuity 
of  the  inner  connective  substance  of  the  nerve  with  that  of  the  sclerotic 
and  choroid.  There  now  remains  of  the  nerve  fibres  the  exceedingly  deli- 
cate axis  cylinders,  apparently  destitute  of  medullary  sheaths.  These  axis 
cylinders  surrounding  the  central  artery  and  vein,  and  still  enveloped 
in  a  certain  amount  of  connective  substance,  pass  through  the  choroid, 
lining  the  shallow  crater  of  the  optic-nerve  excavation,J  and  radiate  in 
all  directions  in  the  plane  of  the  inner  surface  of  the  retina;  thus  form- 
ing the  layer  of  optic  nerve  fibres  which  lies  just  external  to  the  membrana 
limitans  interna,  and  whose  thickness  gradually  decreases  in  approaching  the 
ora  serrata,  so  that  at  that  point  only  isolated  fibres  or  bundles  of  fibres  are 
to  be  seen.  At  the  yellow  spot  of  the  retina  the  nerve  fibres  as  a  continu- 
ous layer  suffer  an  interruption.  The  remains  of  the  connective  substance 
of  the  opticus  are  continuous  with  the  supporting  fibres  of  the  retina.  § 

The  nature  of  this  layer  consisting  of  nerve  fibres  may  be  studied  in  the 
perfectly  fresh  stat«  by  placing  under  the  microscope,  with  the  internal  sur- 
face upward  and  moistened  with  vitreous  fluid,  pieces  of  retina  from  the 
still  warm  eyeball.  The  most  distinct  pictures  may  be  obtained  in  the  vi- 
cinity of  the  ora  serrata,  where  the  nerve  fibres  are  isolated  and  the  entire 
retina  is  thinner  and  more  transparent,  provided  that  the  granular  coagula- 
tion, which  attacks  most  of  the  cellular  elements  of  the  retina  soon  after 
death,  «has  not  yet  taken  place.  The  isolation  of  the  delicate  fibres  by  tear- 
ing them  up  in  the  fresh  state  and  in  indifferent  fluids  can  be  only  very  in- 
completely accomplished ;  it  may,  however,  succeed  with  properly  hardened 


*  Compare  the  descriptionB  and  drawings  of  transverse  and  longitudinal  sections  by 
DondetB  in  Omefe'B  Arehifjes,  Bd.  i,  Abth.  2,  Taf.  ii,  figs.  2  and  3 :  by  Henle,  Binge- 
toeiddehre,  p.  583;  and  by  Leber,  Graefe's  Arcfaves^  Bd.  xiv.  2,  Tar.  v.,  fig.  1.  Such 
sectionis  present  exceedingly  Instructive  pictures,  if  taken  from  optic  nerves  which 
haTe  been  hardened  by  immersion  for  a  short  time  in  a  strong  solution  of  osmic  acid, 
or,  according  to  F.  E.  Schultze,  in  chloride  of  palladium,  or,  if  the  sections  taken  from 
nerves  previously  hardened  are  colored  with  chloride  of  gold  (Leber),  and  show,  as 
Klebs  (Virchow's  Ardhiv^  Bd.  xiz.,  p.  824)  declared,  that  the  amount  of  connective 
tissue  in  the  optic  nerve  is  often  much  more  considerable  than  appears  in  fig.  8,  Tab. 
xix.  of  the  Lsonea  physiologicm.  The  difference  between  the  normal  and  atrophic 
optic  nerve  is  described  very  accurately  by  Leber. 

{Studim  des phys.  Inst,  Breslau,  edited  by  Reichert     1858,  p.  125. 
a  Miiller,  in  Graefe's  Archivf.  Ophth(d.,  Bd.  iii.,  Abth.  2,  p.  86,  treats  of  the 
to-called  physiological  excavation  of  the  optic-nerve  entrance.    Also  details  of  the 
recent  literature  are  given  by  L.  Mauthner,  Lehrbitch  der  Ophthaknoseqpie^  18G8,  p. 
262. 
§  Klebs,  in  Virchow's  Archiv,  Bd.  xix.,  p.  821,  Taf.  vii. 
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and  macerated  retinn,  for  example  after  longer  or  shorter  preservation  in 
iodized  serum,  weak  solutions  of  chromic  acid  and  bichromate  of  potash. 
The  nerve  fibres  of  the  retina  thus  bi*ought  to  view  are  of  various  size, 
many  being  almost  too  fine  to  measure,  that  is  to  say,  less  than  ^  fJ*  in  thick- 
ness, the  largest  measuring  3-5  jjb.  None  show  a  single  trace  of  nucleus 
lying  upon  or  within  the  substance  of  the  fibre ;  likewise  there  is  no  appear- 
ance of  a  separable  sheath  or  a  division  into  cortex  and  medulla.  They  B,re 
pale,  flexible,  very  soft  fibres,  in  which  no  other  structure  can  be  observed 
than  the  indication  of  a  delicate  striation  and  here  and  there  a  collection  of 
fine  granules.  All  display  a  great  tendency  to  the  formation  of  spindle- 
shaped  varicosities.  In  fresh  preparations  in  situ  these  varicosities  are 
almost  entirely  wanting:  their  formation  can  be  hindered  by  the  use  of 
iodized  serum  with  the  addition  of  common  salt,  and  is  promoted  by  dilu- 
ting the  serum  with  water ;  this  is  therefore  a  pecidiar  appearance  due  to 
swelling. 

The  number,  the  size,  and  the  form  of  the  varicosities  are  manifold,  but 
their  appearance  is  always  quite  different  from  that  of  the  medullated  fibres 
of  the  brain  or  spinal  cord.  In  the  case  of  the  latter  the  nodular,  varicose 
contour  is  caused  by  a  partial  projection  of  the  highly  refractive  nerve  me- 
dulla, of  which  there  is  here  no  vestige.  These  spindle-shaped  varicosities  of 
the  optic-nerve  fibres  resemble  rather  the  appearances  presented  by  axis  cylin- 
ders which  have  been  isolated  from  their  medullary  sheaths,  as  for  instance  in 
fibres  of  the  acoustic  nerve.* 

The  circumstance  that  the  varicosities,  especially  of  the  larger  fibres,  ex- 
hibit a  granular  transformation  of  the  fibre-substance,  while  tiie  unswoUen 
places  remain  unchanged  and  permit  the  fibrillated  structure  to  be  seen 
more  or  less  plainly,  proves  that  a  change  in  the  texture  of  the  nerve  fibres 
has  taken  place  at  those  points  where  the  varicosities  exist. 

1%.  811. 


Fig.  311.  Nerve  fibres  of  the  letma  with  and  without  varioositlea ;  a,  from  the  Ox, 
the  others  from  Man.     x  800. 

The  behavioi^  of  the  nerve  fibres  of  the  retina  when  treated  with  solutions 
of  chromic  acid  also  proves  that  these  appearances  are  largely  due  to  swel- 
ling by  imbibition,  since  the  more  concentrated  solutions  hinder  the  forma- 
tion of  varicosities,  while  the  weaker  the  solution  the  greater  their  number 
and  size,  until  the  fibres,  thick  with  beadlike  swellings,  succumb  to  longer 
maceration.!     This  happens  first  to  the  finest  fibres,  whose  varicosities  are 

*  M.  SchuJtze,  Observ(Uione8  deretiruB  ttruetura  pmitiori,  1859,  fig.  1. 

f  More  speoific  mention  of  the  solutions  which  cause  varioocdties  in  the  optio-nerve 
fibres  of  the  retina  may  be  found  in  my  treatise  in  the  Monataberiehtea  dtr  Academie 
der  WksenMhaft  m  BerUn,  1856,  p.  511. 
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from  tlie  begmniog  relatively  more  numerous  and  more  extensive  than  those 
of  the  largest  fibres. 

Bifurcations  of  the  nerve  fibres  have  been  described  and  drawn  by  Corti  • 
and  Gerlach.t  They  occur  very  seldom,  if  at  all,  in  the  optic-nerve  fibre 
layer.     The  cases  mentioned  refer  possibly  to  processes  of  ganglion  cells. 

The  regular  radiating  course  of  the  nerve  fibres  in  the  retina  is  interrupt- 
ed at  the  yellow  spot,  according  to  Michaelis,  H.  Miiller,  Henle,  KoUiker  and 
others,  in  so  far  that  here  a  continuous  fibre  layer  is  wanting,  the  nerve 
fibres  hiding  themselves  rather  in  the  thick  ganglion-cell  layer,  and  in  the 
neighborhood  of  the  yellow  spot  assuming  a  curved  course,  so  as  to  be  able 
to  approach  it  in  sufficient  numbers.  Liebreicht  recently  called  attention 
to  another  variation,  which  consists  in  the  fact  that  many  more  nerve  fibres 
pass  from  the  optic-nerve  entrance  perpendicularly  upwards  or  downwards 
than  outwards,  in  which  latter  direction,  however,  a  much  more  extensive 
retinal  surface  is  to  be  supplied.  The  fibres  then  pass,  in  company  with  the 
larger  vessels,  around  the  macula  lutea  to  the  external  portions  of  the  reti- 
na,  there  to  end. 

By  microscopic  examination  of  the  inner  surface  of  an  uninjured  retina, 
one  may  often  see  a  grouping  of  the  nerve  fibres  in  bimdles,  between  which 
long,  spindle-shaped  interstices  remain.§  At  these  points  groups  of  the 
radial  supporting  fibres  push  themselves  between  the  bundles  in  order  to 
end  in  the  membrana  limitans  interna.  At  the  places  where  the  nerve  fibres 
are  very  scarce,  as  at  the  ora  serrata,  or  where  they  are  wanting  as  a  contin- 
uous layer,  as  at  the  macula  lutea,  the  ganglion  cells  lie  immediately  against 
the  limitans  interna. 

In  exceptional  dues  the  nerve  medulla  of  the  optio-nerve  fibres  of  Man  persists, 
even  after  passing  into  the  retina.  From  this  cause  the  corresponding  portions  of  a 
retina  are  nntran^iarent,  and  appear  white  by  reflected  light,  as  is  portrayed  in  the  ex- 
cellent ophthalmoBcopio  plates  of  Liebreich,  Atlas  der  OpMJuiimoscopie^  Taf.  xii.,  figs.  1 
and  2.  Since  Yirchow  |  noticed  the  first  such  case  in  fihe  cadaver  (a  man  forty-sis 
years  of  age,  both  whose  eyes  exhibited  mednllated  fibres  around  the  nerve  entrance, 
one  in  the  form  of  four  diverging  pencils,  the  other  in  the  form  of  a  dusky  white  ring), 
a  series  of  similar  oases  have  been  observed,  both  in  the  course  of  anatomical  and  ophthal- 
moscopic studies.  These  oases  differ  in  arrangement,  for  in  some  the  portions  of  retina 
containing  the  mednllated  fibres  communicate  directly  with  the  optic-nerve  entrance,  If 
in  others  isolated  white  spots,  remote  from  the  papilla,  betray  a  layer  of  mednllated 
fibres,  so  that  here  the  medulla,  having  disappeared  at  the  nerve  entrance,  reappears 
after  a  certain  distance  in  the  course  of  the  nerve  fibres.  ** 

Among  the  Mammalia  such  a  continuation  of  the  mednllated  nerve  fibres  into  the 
retina  (Bowman)  occurs  normally  in  the  Babbit  f  f  and  Hare.  In  these  animals  there 
exist  two  white  bundles  radiating  in  opposite  directions  from  the  nerve  entrance, 
rendering  the  retina  quite  opaque,  but,  probably,  not  entirely  preventing  the  percep- 
tion of  light,  since  the  layer  of  rods,  as  I  have  oonvinoed  myself,  is  well  developed 
behind.  A  small  quantity  of  mednllazy  substanoe,  which,  however,  scarcely  inter- 
feres with  the  transparency  of  the  nerve-fibre  layer,  is  found  about  the  retinal  nerve 
fibres  of  many  Fish,  as  was  remarked  by  Leydig,  who  says  with  regard  to  the  prim- 

*  Hfiller's  AnMo,  1850,  Taf.  vi,  fig.  8. 
Handlmeh  der  Oewebdehre^  1854,  p.  498. 

Zehender,  KUnuehe  ManaUblaUerf,  Augenhdlkvihde^  Jahrg.  vil,  1869,  p.  457. 
Compare  H.  Mttller  and  Eolliker,  JSetinatafdin  Ecker  leoneii,  eta,  fig.  14. 
His,  ArMv,  Bd.  x.,  p.  190. 

~  Donitz  (Beichert  and  Du  Bois-Beymond,  Ar<shi%  18(U,  p.  741),  in  whose  ^yes 
this  appearance  was  observed  ophthabnosoopically,  notioed  tiial^the  affected  portion  of 
the  retina,  like  the  optic-nerve  entrance,  was  blind ;  in  other  words,  either  the  retina 
was  opaque,  or  the  rods  and  cones  were  wanting  behind. 
**  For  instance,  in  Becklinghausen^s  case,  Yirohow's  ArchiVy  Bd.  xxx.,  p.  S75. 
ft  Compare  H.  MiUler's  Z,  f.  to,  Z,,  Bd.  viii,  p.  64,  Anm. 
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itive  nerve  fibres  of  the  Roach  and  Dog-Fish,  '^they  have  sharp  contonrs  and  aie 
varicose."* 

H.  MQller  also  mentions  that  a  portion  of  the  fibres  within  the  eyeball  of  Fishes 
is  composed  of  axis  cylinder  and  medullary  sheath,  f  Something  similar  is  seen 
likewise  in  Birds. 

A  remarkable  variation  from  the  normal  condition  is  displayed  in  the  thickening  of 
the  nerve  fibres  of  the  retina,  first  recognized  as  cause  of  the  white  spots  occarring 
in  the  retina  in  cases  of  Morbus  Brightii,  and  considered  as  bipolar  ganglion  celk. 
These  bipolar  ganglion  cells,  which  were  first  described  by  Zenker  and  Yirchow,  and 
whose  true  nature  was  first  perceived  by  H.  Miiller^  present  similar  varicosities,  spin- 
dle-shaped thickeninge  and  condensations  of  the  non-medullated  fibres,  whose  sub- 
stance in  these  cases  is  firmer  and  more  brilliant  and  resists  decomposition  longer  than 
the  normal  axis  cylinder. 

Division  of  the  nervus  opticus  within  the  orbit  is  followed  by  atrophy  of  the 
nerve-fibre  layer  (Lehmann),  which,  according  to  Krause,  is  preceded  by  a  deposit 
of  molecular  fat  in  'the  transparent  pale  fibres,  and  this  fatty  degeneration  also 
spreads  to  the  next  layer,  namely,  the  layer  of  ganglion  cells. 

Externally  to  the  nerve-fibre  layer  lies,  spread  out  over  the  greater  portion 
of  the  retina,  and  separated  by  larger  or  smaller  intervals,  a  single  layer  of 
nerve  cells  or  nerve  bodies,  which  is  designated  as  the  layer  of  ganglian  cells. 
In  the  neighborhood  of  the  macula  lutea  of  Man,  two  or  three  such  cells  lie 
upon  one  another,  and  at  the  yellow  spot  itself  they  form  a  layer  several 
deep,  displacing  the  nerve-fibre  layer.  The  size  of  these  bodies  varies  ex- 
traordinarily in  one  and  the  same  retina. 

Small  ones,  15 /a  in  diameter,  are  to  be  seen  lying  in  close  contiguity  to 
ones  more  than  twice  that  size.  All  have  the  peculiar  finely  granulai*  ap- 
pearance of  cell-substance  as  it  presents  itself  in  the  nerve-bodies  of  ganglia 
and  the  central  organs,  generally  without  yellow  pigmentation,§  which,  as 
is  well  known,  ia  often  found  in  nerve  cells.  They  contain  a  relatively 
large,  homogeneous,  trans2)arent  nucleus,  and  always  that  strikingly  largo 
nucleolus  which  ganglion  cells  everywhere  possess,  and  within  which  a  little 
vesicle  or  granule  will  occasionally  be  found.  Notwithstanding  the  difli- 
culty  of  isolating  these  cells  without  injury,  quite  a  series  of  observations 
are  at  hand  on  the  long  and  ramifying  processes  which  they  send  out,  after 
the  manner  of  the  gangHon  cells  of  the  central  organ.  In  order  to  properly 
accomplish  such  an  isolation,  a  condition  of  maceration  peculiar  and  difii- 
cult  to  hit  upon  seems  to  be  necessary,  at  least  only  thus  can  be  explained 
the  singular  circumstance  that  the  best  preserved  processes  of  the  retinal 
ganglion  cells  which  have  yet  been  observed  were  taken  from  the  retina  of 
an  Elephant,  whose  eyes  were  removed  from  the  cadaver  seven  days  after 
death.  II 

The  ganglion-cells  with  their  processes  may  be  seen  in  the  fresh  retina  if 
we  examine  in  serum  the  internal  surface  of  pieces  taken  from  the  region  of 
the  ora  serrata,  the  vitreous  having  been  first  removed.  Between  the  scat- 
tered nerve-fibre  bundles,  which  cross  each  other  in  many  directions,  are  to 
be  seen,  quite  superficially  situated  under  the  limitans  intenia,  and  in  the 
plane  of  the  capillary  blood-vessels,  numerous  ganglion  cells.  The«e,  with 
their  processes,  become  more  and  more  clear  by  gradually  increasing  pres- 
sure on  the  glass  cover,  and  may  be  examined  by  the  highest  magnifying 
powers,   careful  manipulation  being  exercised   lest  the   specimen   should 

*  BeUrdge  2.  Mikr.  A.  w.  Entwickdungsgesch.  d.  Boehmund  ffaie,  1852,  p.  24 

♦  Z.f,  to.  Z.,  Bd.  viii.,  p.  22. 

i  Graefe,  Arehiv^  Bd.  iv.  2,  p.  41. 

§  According  to  Corti,  the  ganglion-cells  of  the  retina  of  the  Elephant  have  a 
yeUowish  or  yellowish-brown  color. 

I  Corti,  Z.f.  w.  Z.,  Bd.  v.,  1854,  p.  90,  Taf.  v. 
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become  opaque  by  coagulation.  Such,  so  to  speak,  still  living  ganglion  cells 
(fig.  312,  ^)  are  of  extraordinary  transparency,  since  they  contain  in  their 
cell  substance  only  very  minute  granules,  and  consist  essentially  rather  of  an 
ftlniost  hyaline  mass,  in  which  lies  embedded  the  completely  hyaline  nucleus 
with  its  brilliant  and  often  finely  serrated  nucleolus.  The  already  dead 
ganglion  cells,  and  those  changed  by  coagulation,  present  a  totally  different 
aspect,  being  coarsely  granular  and  almost  opaque ;  such  may  always  be  found 
at  the  cut  edges  of  specimens  prepared  as  above,  or  wherever  else  the  speci- 
men has  suffei-ed  injury.  A  closer-examination  of  the  living  cells,  with  high 
powers,  reveals  the  fact  that  the  fine  granules  of  the  cell  substance  are  j)art- 
ly  aiTanged  in  lines  and  parallel  rows,  while  the  non-granular  cell  substance 
appears  divided  into  fine  stria?.  The  arrangement  is  exactly  like  that  which 
I  first  described  in  the  ganglion-cells  of  the  brain  and  spinal  cord.*  The 
cell  substance  is  probably  fibril lated,  and  contains  besides  an  inter-fibrillar 
granular  substance,  but  the  transparency  of  the  living  retinal  cells  is  so 
great  and  the  fibrillse  so  fine  that  the  microscopical  picture  is  inferior  in  dis- 
tinctness to  that,  for  example,  of  the  cells  of  the  spinal  cord.  The  fibrillaa 
neai-est  the  nucleus  approach  a  concentric  arrangement ;  at  the  periphery, 
on  the  other  hand,  they  pass  into  the  processes  which  spring  from  the 
ganglion  cells.  In  fresh  prepai-ations  such  processes  may  often  be  traced  to 
several  subdivisions,  which  may  be  of  considerable  size. 

Where  a  process  takes  a  straight  course  and  has  no  ramifications,  it  can- 
not be  distinguished,  in  respect  to  refractive  qualities  and  finer  organization, 

Fig.  312. 


Fig.  '612.  A,  Ganglion-cellB  from  the  fresh  retina  of  the  Ox,  taken  from  the  vicin- 
ity of  the  era  serrata,  in  situ  ;  a,  nerve-fibre  process  passing  over  into  a  bundle  of 
optic-nerve  fibres;  bb^  processes  which  lose  themselves  in  the  granular  layer; 
e,  small  ganglion  cells,  snch  as  are  seen  in  great  numbers  lying  next  the  large  ones  * 
B^  ganglion-cells  from  the  yellow  spot  in  Msui ;  a,  centric,  6,  peripheric  processes  of 
the  Mine.     (x500.) 

from  the  optic-nerve  fibres,  since  these,  as  stated  above,  also   possess  the 
fibrillated   structure.     Reagents   do   not   render  this   exceedingly  delicate 

*  See  this  text-book,  p.  135. 
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fibroiis  structure  of  tlie  ganglion-cell  substance  more  distinct ;  on  the  con- 
trarj,  it  disappears  with  the  appearance  of  granular  coagulaHon.  Even 
iodized  serum  and  osmic  acid  are  ruinous  to  the  transparency  of  the  cells. 

Of  course  no  certain  estimate  as  to  the  number  of  the  processes  of  the 
ganglion  cells  can  be  formed  by  an  examination  of  the  surface  of  retin»  pre> 
pared  as  above.  In  many  cells  no  processes  at  all  are  to  be  remarked, 
because  they  are  crowded  one  upon  the  other  or  covered  by  the  fibres  of  Uie 
opticus  layer.  Preparations  by  isolation  and  fine  sections,  so  far  aa  these 
methods  have  been  useful  in  the  study  of  the  ganglion  cells,  go  to  show  that 
the  number  of  the  processes  of  these  ganglion  cells,  like  those  in  the  central 
organs,  varies  greatly.  Cells  with  many  processes  have  been  delineated 
by  preference,  but  there  are  also  many  cells  with  but  two  processes,  as 
at  the  yellow  spot  (fig.  312,  ^).     Unipolar  cells  have  also  been  described. 

Oorti,  as  early  as  the  year  1850,  ascribed  importance*  to  the  similarity  in 
aspect  of  certain  of  the  ganglion-cell  processes  with  the  fibres  of  the  optio- 
nerve  layer,  and  relying  upon  the  above-mendoned  varicosities  occurring  in 
like  manner  in  both,  concluded  that  there  was  an  immediate  connection  of 
the  optic-nerve  fibres  with  the  ganglion  cells.  The  uniformity  in  the  phe- 
nomena presented  by  certain  ganglion-cell  processes  and  the  nerve  fibres  of 
the  retina  was  afterwards  noticed  by  Kemak,  Hannover,  H.  Miiller,  KoUi- 
ker,  and  many  others.  The  cells  lie  immediately  next  the  layer  of  nerve 
fibres,  in  part  embedded  between  the  bundles  of  the  same,  and  some  of  the 
cell  processes,  which  are  capable  of  being  followed  for  a  considerable  dis> 
tance,  conform  in  every  appreciable  condition  with  the  fibres  of  the  optic- 
nerve  layer :  under  the  circumstances  it  is  impossible  to  doubt  as  to  the  di- 
rect transition  of  the  fibres  into  the  cells.  Wbether  all  the  fibres  of  the  op- 
tic nerve  communicate  with  ganglion  cells  before  arriving  at  the  external  lay- 
ers of  the  retina  is  another  question.  It  may  be  that  some  of  the  diversities 
in  the  function  of  the  optic-nerve  fibres,  which  the  physiologist  is  forced  to 
admit,  depend  upon  the  existence  or  non-existence  of  a  union  between  the 
nerve  fibres  and  the  ganglion  cells.  On  this  point  no  decision  can  at  present 
be  given. 

According  to  a  method  proposed  by  Manz,f  the  opticus-layer  of  the  Frog's 
retina,  which  has  been  prepared  in  alcohol,  may  be  detached  in  such  a  way 
as  to  carry  the  ganglion  cells  with  it :  J  thus  the  connection  of  the  latter  with 
the  nerve  fibres  would  be  clearly  demonstrated.  The  cells  then  appear  for 
the  most  part  unipolar.  Manz  takes  for  granted,  however,  that  by  thia  method 
of  preparation  the  manifold  peripheral  processes  which  are  preserved  by 
other  methods  are  torn  away  from  their  cells.  We  know,  therefore,  with  re- 
gard to  those  processes  of  the  retinal  ganglion  cells  which  do  not  disappear 
in  the  nerve-fibre  layer  only  this  much,  that  a  portion  take  the  direction 
towards  the  molecular  layer.  Anastomoses  of  the  cells  with  one  another  by 
means  of  the  thicker  cell  processes  have  been  drawn  by  Corti  from  the 
retina  of  the  £lephant.  It  is  questionable  whether  such  anastomoses,  which 
have  not  been  a  second  time  observed,  should  be  reckoned  among  the  reg- 
tdarly  occurring  phenomena. 

As  in  the  case  of  the  nerve-fibre  layer,  the  radial  supporting  fibres  form 
a  framework  between  the  ganglion  cells  :  this  will  be  hereafter  described. 

Division  of  the  nervus  opticus  in  animals  is  followed,  according  to  W. 

♦  Mttller's  AreMv,  1850,  p.  273,  Taf.  vi. 

f  Zeitsehr,/,  rat.  Med.^  Bd.  xxvui.,  1866,  p.  231. 

i  EL  Miiller,  Zeitsehr.  f.  w.  Z.,  Bd.  viii.  p.  21,  says  with  regard  to  the  retisa  of 
Fishes  :  ^*  If  the  nerve-fibre  layer  be  raised  up  from  the  inner  surface  of  the  retina 
with  the  forceps,  a  portion  of  the  cells  readily  follow  with  it." 
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Krause,  by  a  £a,tty  degeneration  of  the  ganglion  cells.*  In  eyes  of  blind  per- 
sons, where  anatomical  examination  reveals  a  disappearance  of  the  nerve 
fibres,  there  is  generally  also  an  atrophy  or  a  complete  absence  of  the  gan- 
glion cells,  as  in  cases  of  increase  of  intrarocular  pressure  in  glaucoma. 

The  internal  molecvlar  layer  of  the  retina  derives  its  appearance  from  a 
mingling  of  the  finely-meshed  network  of  connective  substance,  arising  from 
the  radial  supporting  fibres,  with  the  delicate  disappearing  nerve  fibrillas. 
The  latter,  as  Pacinif  and  RemakJ  first  remarked,  form  a  considerable  por- 
tion of  this  layer.  They  may  be  isolated  and  traced  for  short  distances  in 
properly  macerated  retina?,  as  exceedingly  fine,  smooth  fibres,  diversified  with 
distinct  spindle-shaped  varicosities  and  many  tortuosities.  The  larger  and 
ramifying  ganglion-cell  processes  which  project  into  this  layer,  or  belong  to  it 
from  the  first,  may  be  more  distinctly  followed.  Still,  with  regard  to  their 
final  destination  but  little  is  known.  While  one  portion  of  them  is  resolved 
into  immeasurably  fine  fibrils,  which  may  reach  the  outer  layers  of  the  retina 
only  after  many  deviations,  another  portion,  especially  at  the  macula,  ap- 
pears to  arrive  at  the  layer  of  internal  granules  in  the  form  of  quite  thick 
fibres.  Such  accounts  are  given,  among  others,  by  H.  MuUer,§  Kolliker,| 
Grerlach,^^  Manz**  and  MerkeLff  Owing  to  the  diminution  in  resistance  of 
the  connective  substance,  the  yellow  spot  of  Man  seems  to  be  the  most  favor- 
able place  for  tracing  the  nerve  fibres  as  they  pass  into  the  molecular  layer. 
But  inasmuch  as  here  the  ganglion  cells  are  nearly  all  bipolar,  and  in  other 
places  mtdtipolar,  the  question  arises,  whether  there  may  not  also  be  great 
differences  in  the  course  of  the  processes.  In  general  the  same  differences 
of  opinion  prevail  with  regard  to  the  nature  of  tiiis  molecular  layer,  as  with 
regard  to  liie  gray  granular  substance  of  the  brain.JJ  Especially  is  it  doubt- 
ful, whether,  besides  the  fine  and  finest  nerve  fibres  and  the  fibres  and  net- 
work of  the  connective  substance,  there  here  exists  a  certain  quantity  of  fine 
granules  of  unknown  nature,  as  the  appearance  indicates ;  or  whether  the 
nerve  fibrils  and  the  spongy  connective  substance  with  their  peculiar  arrange- 
ment are  sufficient  to  account  for  the  finely  granular  appearance. 

In  regard  to  the  career  and  final  fate  of  <Jbe  ganglion-cell  processes  and 
the  fine  nerve  fibres  of  this  layer,  we  must  confess  to  the  impossibility,  so 
&r  as  pi*esent  researches  go,  of  expressing  any  settled  opinion,  the  macula 
lutea  being  excepted.  The  internal  molecular  layer  interrupts  our  know- 
ledge of  the  course  of  the  nerve  fibres,  which  is  recovered  in  the  more  exter- 
nal layers  of  the  retiiia.  The  thickness  of  the  internal  molecular  layer  in 
Man  varies,  according  to  H.  Miiller,  between  0.03-0.04  mm. 

The  dark  stripes  which  are  to  be  seen  in  cross-sections  of  the  retina  of 
many  animals,  running  parallel  to  the  surface,  and  indicating  an  arrange- 
ment of  the  granular  substance  concentric  with  the  tunics  of  the  eye,  have 
as  yet  no  sirfficient  explanation.  G.  Wagner  states  that  he  has  counted 
eight  such  layer8.§§    The  spongy  connective  tissue  doubtless  takes  some  part 


•  Menibr,  fenegtr.^  p.  38. 

\  Nuove  riGerche  stdla  temtura  intima  ddta  retina.  Bologna,  1844. 

I  MedidrvUche  Centrakeitung.  1854,  No.  i. 

I  Z./.  w.  Z.,  Bd.viii.p.61. 


J  Ie(mesphy9kiog.^  Taf.~ziz.,  fig.  12,  x 
1   Qewebdehre,  2  Aufl.,  p.  498,  fig.  220. 
♦♦  Zeitgehr.f.  rat,  Med.,  Bd.  jcxviii,  p.  237. 
MaetUa  lutea^  p.  11,  fig.  9« 


a 


Compare  among  others  H.  MtiUer,  Z.f.  to,  Z.y  Bd.  viii.,  p.  115.  Henle  and  Mex 
" ~ 49. 


kel,  Z.  f.  rat.  Med.,  Bd.  xxxiv.,  1869,  p.  49, 
§§  Sitzunffsber.  der  Marlmrger.  Naturf.  Gee.,  JvU,  1868,  No.  5,  p.  47, 
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in  this  structure,  since  it  is  disposed  in  finer  meshes  in  the  course  of  these 
dark  lines,  as  is  demonstrated  in  my  researches  on  the  retina  of  the  Roach.* 
The  layer  of  internal  granvlea^  which  lies  next  external  to  tlie  internal 
molecular  layer,  contains,  as  was  already  known  to  Vintschgauf  and  H.  Miil- 
ler,  two  different  kinds  of  cellular  elements,  which  are  in  communication 
with  two  different  kinds  of  fibres  having  an  essentially  radial  course.  Be- 
sides the  radial  supporting  fibres,  which  in  this  layer  occupy  an  im|X)rtant 
space  and  communicate  with  each  other  by  numerous  filaments  and  inter- 
posed networks,  there  are  many  likewise  radial  nerve  fibres,  whose  course 
exceptionally  deviates  from  that  of  the  radial  fibres  and  is  directed  diago- 
nally towards  the  surface  of  the  retina.J  These  possess  throughout  the 
appearance  and  perishability  of  the  fibres  of  theopticus  layer,  and  are  distin- 
guishable from  the  harsh,  finely  indented  supporting  fibres  by  their  spindle- 
shaped  varicosities  and  smooth  surfaces.  Embedded  in  both  kinds  of  fibres 
are  spaces  containing  nuclei,  and  these  constitute  the  so-called  internal 
granules.  The  nuclei  of  the  radial  supporting  fibres,  which  are  much  infe- 
rior to  the  others  in  point  of  number,  will  be  described  later ;  those  which 
lie  in  the  course  of  the  nerve  fibres,  and  owing  to  their  great  number  ar- 
range themselves  in  the  form  of  several  superimposed  layers,  resemble  small 
bipolar  ganglion  cells.  The  quantity  of  their  fine  granular  substance,  how- 
ever, is  small,  and  the  nucleus  therefore  relatively  larger  than  in  the  real 
ganglion  cell ;  the  nucleolus  is  plainly  visible  in  the  homogeneous  nucleus, 
but  on  the  other  hand  is  smaller  than  in  the  true  ganglion  cell.  The  more 
peripheric  of  the  two  processes  belonging  to  the  inner  granules,  which  proces- 
ses  are  no  more  or  less  than  the  radial  nerve  fibres,  is  commonly  thicker  than 

the  centric  one,  as  Merkel§  has  described  in  his 
Fig.  813.  treatise  on  the  region  of  the  macula  lutea.     In 

animals  also  there  appear  generalh'^  to  be  but 
two  processes  arising  from  the  internal  gran- 
ules, ||  but  inasmuch  as  a  good  isolation  of  them 
is  exceedingly  rare,  we  are  still  veiy  far  from 
any  definite  knowledge  with  regard  to  the  ner- 
vous inner  granules  and  their  processes,  in  the 
various  regions  of  the  retina  of  Man  or  ani- 
mals. Some  observers,  for  instance  Ritter,^ 
have  described  more  than  two  processes.  Great 
differences  exist  between  ceitain  of  the  inner 
granules.  H.  Miiller  affirms  that  in  Man,  as 
Fig.  813.  Internal  granules  ^^^  ^  ^  Vertebrate  animals  generally,  the 
of  the  Human  retina,    x  800.     more  internal  layers  contain  somewhat  larger 

granules.  W.  Krause  distinguishes,  besides 
these  two  varieties  and  the  nuclei  of  the  supporting  fibres,  also  a  fourth 
variety  of  internal  granules,**  which  form  the  outermost  layer,  and  project 
into  the  external  molecular  layer  (membrana  fenestrata  of  W.  Krause). 
These  are  said  to  be  unipolar,  having  no  connection  with  the  outer  layers 

*  De  ret.  str,  pen.,  ficr.  5. 

t  BicercJie  svUa  strutura  micr.  d  retina  ddP  mww,  degli  ammaU  verUbrati  e  d.  Ce- 
plialopodi.    Siteungsber.  der  Wiener  Acad.  d.  Wmensoh.  Bd.  xi,  1853,  figs.  1,  5,  6,  9. 
t  BeifaUo  buteo,  M.  Schultze,  A.  f.  m.  A.,  Bd.  ii.,  p.  262,  and  Hulke,  on  the  Yel- 
low Spot  of  Man,  PltU.  Trans.,  1868,  p.  112. 
"  L.  c,  p.  11. 
M.  Schultze,  A.  f.  m.  A,  Taf.  xiv.,  fig.  9.  b,  von  der  Katze.  Hasse,  L  o.,  p.  257. 
r   WaUfiscJiauge,  p.  37. 
•*  Membr.  fenestr.,  p.  42. 
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of  the  retina,*  and  may  be  considered  as  the  terminal  organs  of  the  nerve 
fibres. 

Quite  different  is  it  with  those  cells,  seen  in  certain  animals,  especially 
Fish,  which  project  into  the  internal  granule  layer,  and  which  are  con- 
nected with  the  fenestrated  inter-grannlar  layer,  as  it  was  called  by  me 
(stratum  intergranulosum  fenestratum).t  These  are  to  be  considered  as 
a  special  development  of  the  connective  substance  of  the  layer  next  to  be 
described. 

The  thickness  of  the  layer  of  internal  granules  in  Man  is  0.03-0.04  mm., 
according  to  H.  Muller ;  it  diminishes  to  0.02  mm.  at  the  ora  serrata,  where 
not  more  than  three  rows  of  granules  remain,  but  increases  to  0.06  mm.  at 
the  yellow  spot. 

The  layer  of  internal  granules  is  separated  from  the  external  granules  by 
an  inter-granular  layer,  being  a  thin  stratum  of  finely-woven  substance, 
in  whose  meshes  are  embedded  a  few  nuclei  and  smooth  cells,  and  in  which 
coarser  lines  may  be  seen  lying  parallel  to  the  retinal  surface,  and  indicating 
•a  possible  separation  of  the  layer  into  still  thinner  subdivisions.  In  cross- 
sections  of  the  retina  of  Man  and  the  higher  Vertebrates,  this  layer  is  repre- 
sented as  a  finely  punctate,  granular  stratum,  which  possesses  a  great  simi- 
larity in  appearance  with  the  internal  molecular  layer,  although  much  thin- 
ner than  it.  For  this  reason  Henle  gave  to  it  the  name  external  molecular 
layevy  which  we,  as  before  stated,  shall  adopt,  in  order  to  avoid  confusion 
with  the  inter-granular  layer  of  H.  Muller.  W.  Krause  has  recently  brought 
into  use  the  name  membrana  fenestrata. 

The  external  molecular  layer  in  its  simplest  form,  as  it  appears  in  Man 
and  the  Mammalia,  consists  of  a  thin  layer  of  granular  substance  which 
throughout  the  whole  retina  maintains  about  the  same  thickness,  in  Man, 
about  10  ft.  In  its  finely-meshed  groundwork  of  connective  substance  are 
embedded  exceedingly  fine  fibiillse,  which  run  for  considerable  distances 
without  giving  out  branches,  and  may  take  a  course  either  diagonal  or  par- 
allel to  the  surface  of  the  retina.  These  fibrillse,  on  account  of  their  well- 
known  fine  spindle-shaped  varicosities  and  their  otherwise  smooth  contours, 
must  be  considered  as  nerve  fibres,  like  their  counterparts  in  the  internal 
molecular  layer.  They  are  developed  partly  from  the  peripheric  processes 
of  the  inner  granules,  partly  from  the  fibres  of  the  rods  and  cones.  Some 
few  nuclei  are  scattered  throughout  this  layer,  but  they  probably  all  belong 
to  the  connective  substance,  which  in  this  locality  in  different  animals  pre- 
sents manifold  modifications;  this  subject  will  be  discussed  at  length  here- 
after. Of  the  nerve  fibres  of  this  layer  we  know  no  more  than  of  those  in 
the  internal  molecular  layer.  They  diverge  from  the  radial  course,  and 
although,  according  to  isolated  observations,  fibres  have  been  seen  passing 
directly  through,J  by  far  the  greater  number  go  to  form  in  this  plane  of  the 
retina  a  plexus  so  fine  and  complicated  as  appears  only  in  the  gray  sub- 
stance of  the  nervous  centres. 

The  fibres  of  the  rods  and  cones,  which  take  considerable  part  in  the  for- 
mation of  the  external  granule  layer,  arise  by  their  inner  extremities  in  the 
external  molecular  layer.  All  the  so-called  external  granules  represent 
nucleated  enlargements  of  these  fibres.  The  layer  of  rods  and  cones  itself 
lies  external  to,  and  in  immediate  apposition  with  the  layer  of  external 
granules,  and  is  in  continuous  connection  with  the  same  by  means  of  the 

*  Compare  W.  Kraose's  Schema^  L  c,  Taf.  iL,  fig.  1,  gri. 

f  Deret.str,,  1859,  p.  18. 

i  Haase,  Z.f.  rat,  Med.,  Bd,  xxix.,  p.  256. 
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above-mentioned  fibres.  A  sharp  boundary-line,  as  is  seen  in  cross-sections 
of  the  retina  separating  the  external  granules  from  the  rods  and  cones,  is 
formed  by  the  external  limiting  membrane. 

In  most  portions  of  the  Human  retina  and  almost  universally  in  animals 
the  interspace  between  the  limitans  externa  and  the  external  molecular 
layer  is  only  just  sufficiently  large  for  the  disposition  of  the  external  gran- 
tdes,  one  nucleus  for  each  rod  and  cone,  not  to  mention  the  small  quantity 
of  connective  substance  which  is  also  present  in  this  layer.  In  this  by  fax 
the  most  common  case  the  external  molecular  layer  may  be  truly  con- 
sidered as  an  inter-granular  layer.  In  the  posterior  portions  of  the 
eye,  however,  especiidly  in  the  region  of  the  macula  lutea  of  Man,  the 
interspace  between  the  limitans  externa  and  the  outer  molecular  layer 
becomes  much  more  considerable  in  size.  But  instead  of  separating  from 
one  another,  the  outer  granules   still  retain  their  position  against  the 

limitans  externa,  forming  a  tightly-packed 
compound  layer ;  to  the  inside  of  this  layer 
is  thus  left  a  free  space,  which  is  for  th^ 
most  part  occupied  by  the  fibres  of  the  rods 
and  cones  as  they  pass  towards  the  external 
molecular  layer.  Inasmuch  as  the  entire 
space  between  the  limitans  externa  and  the 
external  molecular  layer  has  received  the 
name  "layer  of  external  granules,"  there 
here  exists  an  inner  division  of  this  layer, 
which  is  devoid  of  granules,  and  has  been 
called  by  Henle  the  external  fibre  layer. 
It  is  worthy  of  mention  in  this  connection 
that  the  rod-  and  cone-fibres  are  present 
throughout  the  entire  layer  of  external 
granules,  even  where  they  are  not  indicated 
as  a  distinct  layer  by  the  designation  exter- 
nal fibre  layer. 

The  fibres  proceeding  from  the  cones  are 
thicker  than  i^ose  proc^wiing  from  the  rods, 
as  is  shown  by  tiie  accompanying  figure. 
Both  are  pale,  having  smooth  surfaces,  and 
both  are  very  perishable,  especially  the  thin 
fibres  of  the  rods.  Their  disappearance  in 
weak  solutions  of  chromic  acid  or  osmic  acid 
is  preceded  by  the  appearance  of  varicosi- 
ties, which  increase  in  size  with  the  weak- 
ening of  the  solution,  and  finally,  by  a  gen- 
eral swelling  of  the  whole  fibre,  cause  its 
destruction.  These  phenomena  agree  per- 
fectly with  those  which  we  have  observed 
in  the  nerve  fibres  of  the  retina.  Similar 
metamorphoses  also  take  place  in  the  thick- 
er and  more  resisting  cone-fibres  as  well  as 
in  the  rod-fibres.  ^Hiis  may  be  best  ob- 
served where  the  cone-fibres  are  longest, 
namely,  at  the  macula  lutea.  In  moder- 
ately hardened  preparations  they  prescmt 
themselves  as  pale  fibres  with  perfectly  smooth  surfaces,  never  branched  or 
anastomosing,  or  passing  over  into  sponge-like  networks,  and  thus  they  are 


Fig.  814.  From  the  posterior 
portion  of  the  Human  retina.  6, 
external  molecolar  layer ;  7,  layer 
of  outer  grannies;  8,  limitianB  ex- 
terna; 9,  rods  and  cones,  whose 
outer  segments  are  sharply  con- 
trasted with  the  inner  cylinders, 
(x  800.)  The  supporting  fibres 
of  connectiYe  substance  are  not 
indicated  in  the  drawing. 
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sharply  contrasted  with  the  radial  supporting  fibres  and  the  surrounding 
connective  tissue.  In  fluids  which  cause  prominent  varicosities  of  the  optio^ 
nerve  fibres  the  cone-fibres  also  are  liable  to  the  formation  of  distinct  vari- 
cosities, which  in  the  end  lead  to  swelling  and  dissolution  of  the  whole  fibre 
(fig.  315).  Finally,  they  resemble  completely  the  thicker  fibres  of  the  opticus 
layer  in  the  fact  that  with  high  magnifying  powers  they  present  the  ap- 
pearance of  a  fine  longitudinal  striation,  and  accordiogly  possess  the  indica- 
tion  of  being  composed  of  fine  fibrillse;  this  appearance  we  hold  to  be 
characteristic  of  all  the  thicker  axis  cylindei-s  (fig.  316). 

At  the  external  molecular  layer  the  cone-fibres  undergo  a  peculiar  vari- 
ation in  form.  Each  one  possesses  at  the  external  limit  of  the  above-men- 
tioned layer  a  conical,  triangular  intumescence  (fig.  314,  6,  6),  beyond 
which  the  fibre  as  a  whole  can  be  no  longer  foUowed.  * 

Fig.  816. 


Fig.  815.  Gone  and  cone-fibre,  the  latter  provided  with  varioosities ;  from  the  vicin- 
ity of  the  yellow  spot  of  the  Human  retioa.  ( x  500.) 

These  triangular  enlargements  of  the  cone-fibres  are  embedded  in  the  sub- 
stance of  the  external  molecular  layer  in  such  a  manner  as  to  give  the 
appearance  of  being  continuous  with  it ;  and  when  they  can  be  isolated  they 
carry  with  them  adherent  shreds  of  the  same  layer,  thus  giving  additional 
support  to  the  idea  of  continuity.  In  fact  the  internal  extremity  of  the 
cone-fibre  resolves  itself  at  this  point  into  fine  fibrils,  which,  however,  are 
difierent  from  those  of  the  network  of  the  external  molecular  layer.  In 
successful  preparations  of  the  Human  retina,  macerated  in  iodized  serum,  I 


Fig.  316. 


Fig.  816.  Bod-fibres  with  and  without  varicosities,  from  the  inner  division  of  the 
layer  of  external  granules  of  the  macula  lutea  of  Mul     ( x  1000.) 

find  these  triangular  enlargements  to  be  resolved  into  pencils  of  numerous 
and  exceedingly  fine  fibrils,  which  are  not  connected  together  in  the  form 
of  a  plexus.f  If  we  compare  this  picture  with  that  of  the  network  of  the 
external  molecular  layer,  similarly  hardened  and  isolated,  the  difierenoe  be- 
tween the  two  kinds  of  fibres  is  strikingly  apparent.     This  dissimilarity  is 

*  H.  Miiller,  Z.f,  w.  Z.,  Bd.  viil.,  Taf.  i.,  figs.  1  and  8.  Henle,  Mngeweiddehre,  p. 
650.    M.  Schultze,  Archivf.  m.  A,,  Bd.  ii.,  Taf.  x.  and  xi 

f  Hasse  {Z.  f.  rat.  Med,,  Bd.  xxix.,  p.  252)  thought  that  only  three  of  these  fibrils 
arose  from  a  single  triangular  enlargement,  while  Merkel  (L  a,  p.  7)  holds  bifurcation 
to  be  the  usual  arrangement,  at  least  at  the  macula  Inteap 


Digitized  by 


Google 


816  THE  RETINA. 

strengthened  still  further,  in  the  first  place,  by  the  easily  demonstrable  con- 
nection between  the  network  and  the  radial  supporting  fibres,  and  again  by 
the  manifold  differences  in  appearance  between  the  latter  and  the  oone> 
fibres,  since  the  tendency  to  the  formation  of  varicosities  which  character- 
izes the  cone-fibres,  and  indicates  a  relationship  with  the  nerve  fibres,  is 
entirely  wanting  in  the  radial  supporting  fibres,  which  are  distinguished  by 
their  peculiar  rough  surfaces.  In  this  condition  of  affairs,  the  relation 
which  the  cone-fibres  bear  to  the  external  molecular  layer  cannot  tend  to 
disprove  their  nervous  nature,  as  assumed  by  W.  E lause.  * 

With  regard  to  the  fibres  proceeding  from  the  rods,  they  also  can  only  be 
followed  as  far  as,  or  a  short  distance  into,  the  external  molecular  layer. 
Our  knowledge  of  their  manner  of  termination  is  even  more  incomplete  than 
that  of  the  cone-fibres.  The  great  fineness  and  frailty,  especially  of  the 
inner  half  of  the  rod-fibre  in  Man  and  the  Mammalia,  account  for  the  fact 
that  only  in  exceptional  cases  a  view  can  be  obtained  of  the  fibre  in  its  en- 
tire length  up  to  the  external  molecular  layer.  Vary  often  the  rod-fibre, 
especially  when  many  varicosities  occur  in  ite  course,  terminates  just  before 
reaching  the  exterual  granular  layer  in  a  large  club-shaped  expansion.f 
This  gives  the  impression  of  a  repetition  in  miniature  of  the  dilatation  of 
the  cone-fibre  which  occurs  at  the  same  point,  but  I  have  been  able  to  dis- 
cover no  such  subdivision  into  fine  fibrils  as  is  characteristic  of  the  eone-fibre. 
In  Fish,J  however,  and  still  more  in  Birds  and  Amphibia,§  there  re- 
mains no  doubt  on  this  point.  In  the  last-mentioned  animals  the  layer  of 
external  granules  is  formed  for  the  most  part  by  only  two  rows  of  granules, 
which  are  in  communication  with  the  external  molecular  layer  by  very  short 
fibres.  There  is  but  little  distinction  here  between  the  granules  of  the  rods 
and  cones,  as  well  as  between  the  fibres  belonging  to  each,  which  at  the  outer 
molecular  layer  resolve  themselves  in  like  manner  into  fine  fibrils.  In  Fish 
also,  where  the  difference  in  the  thickness  of  the  longer  rod-  and  cone>  fibres 
is  very  plain,  the  expansions  of  the  rod-fibres  are  very  similar  to  those  of 
the  cone-fibres.  In  short,  every  circumstance  goes  to  show  that  no  essen- 
tial difference,  except  in  thickness,  exists  between  the  rod-  and  cone-fibres, 
and  that  the  rod-fibres  probably  always  divide  into  a  number  of  fine  fibrillss 
at  the  external  molecular  layer,  in  like  manner  with  the  cone-fibres.  It  is 
•  true  that  in  Man  and  the  Mammalia  the  rod-fibre  is  very  fine,  but  it  always 
surpasses  in  thickness  the  finest  optic-nerve  fibrils,  especially  that  portion 
which  is  more  peripheral  and  approaches  the  limitans  externa ;  this  is  always 
considerably  stouter  than  the  internal  and  more  central  portion,  which  is 
directed  towards  the  outer  molecular  layer. 

Each  rod-  as  well  as  cone-fibre  is  in  communication  with  a  so-called  ex- 
ternal granule,  that  is,  each  of  these  fibres  presents  in  some  portion  of  its 
course  an  enlargement  in  which  lies  embedded  a  nucleus,  and  this  is  called 
the  rod-  or  cone-granule  (compare  Fig.  313).  If  the  fibres  under  consider- 
ation are  nerve  fibres,  then  the  granules  correspond  with  small  bipolar  nerve- 
or  ganglion-cells.  TTie  quantity  of  cell  substance  is  however  very  small, 
still  somewhat  more  abundant  in  the  larger  granules  of  the  cones  than  in 
those  of  the  rods.  The  rod-granules  are,  except  at  the  fellow  spot,  much 
more,  numerous  than  the  cone-granules,  and  are  disposed  in  several  rows  ly- 
ing in  close  contact  one  above  the  other.     The  cone-granules  lie  close  against 

♦  Membr.  Fenestr. 

+  M.  Schultze,  A.  f,  m.  A.,  Bd.  11,  Taf.  x.,  fig.  1.    Basse,  1.  c,  p.  248. 

%  M.  Schultee,  AJ.  m,  A,  Bd.  ii,  Taf.  xi.,  to.  8  and  9. 

§  Idem,  figs.  18  and  19. 
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the  membrana  limitans  externa,  except  where  the  cones  are  so  crowded  to- 
gether, as  at  the  macula  lutea,  that  the  granules  belonging  to  them  must 
necessarily  be  arranged  in  several  superimposed  layers.*  Thus  it  happens 
that  generally  the  cone-fibre  is  not  inter- 
rupted by  the  cone-granule,  but  springs 
originally  fi'om  it.  llie  cone  itself  there- 
fore is  ordinarily  attached  directly  to  the 
cone-granule,  while  the  rod  communicates 
with  the  rod-granule,  which  does  not  lie  in 
immediate  apposition  with  the  li  mi  tans 
externa,  by  a  portion  of  the  rod-fibre,  sim- 
ilar in  character  but  somewhat  thicker 
than  the  portion  which  passes  inwards  to- 
ward the  external  molecular  layer.  This 
latter  internal  division  of  the  rod-fibre  is 
of  course  reduced  to  a  minimum  in  length, 
according  to  the  length  of  the  peripheric 
portion  of  the  same  fibre  in  cases  where 
the  rod-granule  is  in  direct  apposition  with 
the  external  molecular  layer. 

The  rod-  and  cone-granules  are  in  life 
entirely  transparent,  the  differences  in  re- 
fractive power  between  cell-substance,  nu- 
cleus, and  nucleolus  are  exceedingly  few ; 
granular  opacities  are  seen  in  them  only 
after  death  as  the  result  of  independent 
coagulation  or  the  influence  of  reagents. 
Thus  the  appearance  described  by  Henle,f 
of  tran8vei*8e  stride  or  bands  in  the  rod- 
granules,  which  may  be  seen  in  Man  and 
the  Mammalia  sooner  or  later  after  death, 
and  may  be  demonstrated  in  the  clearest 
manner  by  treatment  with  diluted  acids,J 
seems  to  be  a  post-mortem  appearance, 
depending  upon  a  separation  of  the  nucleus 
or  its  contents.  § 

If  the  external  granules  are  a  peculiar 
kind  of  nerve  cells  inserted  in  the  course 
of  the  nervous  fibres,  then  still  more  must 
the  rods  and  cones  themselves  be  consid- 
ered as  the  nervous  terminal  organs  of  the  optic  nerve.  The  anatomical 
connection  is  perfectly  clear,  in  so  far,  that  on  the  other  side  of  the  limitans 
externa  a  flask-shaped  cone  is  derived  immediately  from  each  cone-granule ; 


Fig.  8 1 7.  From  the  posterior  por- 
tion of  the  hnman  retina.  6,  ex- 
ternal molecular  layer  ;  7,  layer  of 
external  granules;  8,  limitans  ex- 
terna ;  9,  rods  and  cones,  whose  ex- 
ternal segments  are  sharply  con- 
trasted with  the  internal  segments. 
x800.  The  supporting  fibres  of 
connective  substance  are  not  indi- 
cated in  the  drawing. 


*  Exceptionally  also  in  more  peripheral  portions  of  the  retina,  the  transition  from 
cone  to  cone-grannie  is  longer.  This  peripheric  portion  of  cone-fibre  is  in  this  case  al- 
ways thicker  than  the  centric  portion  leading  to  the  molecular  layer.  Compare  Fig. 
321. 

JOoiUnger  Nachrichten.,  Mai  and  Novr.  1864,  Nr.  7: 
M.  Schultze,  A.f.  m.  A.,  Bd.  ii.,  p.  219 ;  aooording  to  W.  Kranse,  Membr,  fen. 
p.  82,  also  to  be  seen  in  the  cone  granules. 

§  W.  Krause,  Anat.  d.  Kaninckene,  p.  129.  Oomi>are  also  **  On  the  still  unexplain- 
ed appearance  of  the  transverse  striae,"  Bitter  in  Graefe^s  Archi%  Bd.  xi.,  Abth.  i., 
p.  89.  G.  Wagener  {Sitzungsber.  d.  natvrtpisseneeh.  Qee.  ew.  Marburg,  1868,  No.  5)  re- 
marks that  the  transverse  striae  appear  in  fresh  preparations  when  examined  with  high 
powers,  but  not  so  sharply  defined  as  with  lower  powers. 
52 
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and  a  rod  from  each  rod-granule  either  through  an  intermediate  expansion 
of  the  latter,  or  directly,  when  the  rod-granule  lies  close  against  the  limitans 
externa.  The  layer  of  rods  and  cones,  like  a  forest  of  compact  palisades, 
covers  the  outer  surface  of  the  external  layer  of  granides,  and  concludes 
the  retina  as  nervous  membrane.  In  it  must  take  place  the  translation  of 
the  action  of  light  into  nervous  action,  which  process  ultimately  lies  at  the 
foundation  of  the  act  of  vision. 

The  rods  are  cylindrical ;  in  Man,  in  the  posterior  portions  of  the  retina 
50-60  ft  long  and  2  fi  thick ;  further  forward  towards  the  ora  serrata  they 
are  somewhat  shorter,  but  of  the  same  thickness.  They  stand  close  to  one 
another,  so  that  between  them  but  little  more  interval  ia  left  than  is  ren-^ 
dered  unavoidable  by  their  cylindrical  form.  Between  the  rods,  however, 
at  regular  distances,  which  vary  only  at  the  macula  lutea  and  ora  serrata, 
are  to  be  found  in  Man  the  flask-shaped  cones.  These  stand  on  an  average 
8-10  fj.  distant  from  one  another,  and  this  interval  between  two  cones  is 
filled  up  by  from  three  to  four  rods  arranged  in  a  straight  line.  The  thick- 
ness of  the  cones,  with  the  exception  of  those  at  the  macula  lutea,  averages 
at  the  base  6-7  fi.  They  diminish  in  size  externally  after  the  manner  of  a 
wine  bottle,  being  often  somewhat  thicker  just  above  the  base,  and  pass  into 
a  conical  point,  the  end  of  which  comes  before  the  end  of  the  rods,  so  that 
the  cones  ai'e  shorter  than  the  adjacent  rods.  The  cones,  like  the  rods,  be- 
come shorter  as  they  approach  the  ora  serrata,  and  increase  rather  than 
diminish  in  thickness. 

In  both  structures  two  essentially  different  parts  are  to  be  distinguished, 
which  have  been  called,  by  W.  Krause,*  external  segment  and  internal  seg- 
ment. The  distinction  is  most  stiiking  and  haa  been  longest  recognized  in 
the  cones,  to  whose  conical  point,  conspicuous  by  its  high  refractive  power, 
H.  Miiller  applied  the  peculiar  name  cone-rod.  In  the  rods  the  conditions 
are  analogous,  except  that  the  external  segment  is  not  conical  but  for  the 
most  i)art  regularly  cylindrical  in  form.f  The  dividing  line  between  the 
inner  and  outer  segment  of  the  rod  is,  in  the  posterior  portion  of  the 
human  retina,  not  far  from  the  middle  of  its  whole  length.  I  give  as  the 
measurement  for  each  of  the  two  divisions  25  -27 fi  in  length.  The  line  of 
demarcation  between  outer  and  inner  segment  of  the  rods  is  for  the 
most  part  in  the  same  plane.  For  the  cones,  however,  this  plane  is  different, 
and  lies  in  Man  and  the  Mammalia  further  forward.  The  inner  segment  of 
the  cone  (cone-body)  is  therefore  always  shorter  than  that  of  the  adjacent 
rod,  the  difference  in  length  averaging  6  /a  in  the  posterior  portion  of  the 
human  eye.  It  is  not  easy  to  estimate  the  length  of  the  outer  s^^ment  of 
the  cones,  owing  to  the  great  difficulty  of  preserving  it  from  decomposition, 
and  obtaining  a  view  of  it  in  the  fresh  and  unchanged  state.  It  appears  to 
be  the  rule,  however,  that  where  cones  and  rods  are  to  be  seen  mixed 
together,  the  external  segments  of  the  cones  are  always  shorter  than  those 
of  the  rods.  I  give  the  measure  12  /a  for  the  length  of  the  conical  outer 
segment  of  cones  in  the  best  pof>sible  state  of  preservation  and  taken  from 
the  posterior  portion  of  the  human  eye,  a  measure  which  amounts  to  about 
half  the  length  of  the  corresponding  part  of  the  neighboring  rods. .  Great  dif- 
ferences in  this  respect  exi^t  in  different  animals.     In  tlie  Fig,  for  instance, 

^GdtUngtr  NcMkriektm,  1861,  No.  %  Zeitschr,  f.  rat,  Med.,  1861,  Bd.  xi.,  p.  175. 

f  In  the  Amphibia  (the  Frog,  Triton,  and  Azolotl)  the  external  segment  of  the  rod 
decreases  somewhat  in  diameter  at  its  outer  extremity.  This  is  vexy  maxked  in 
young  animals  OBpecially  {A,  f.m.  A,  Bd.  in.,  Taf.  xiii.,  fig.  14),  and  may  under  some 
sircumstances  make  the  distinotion  between  rod  and  cone  impoaaible. 
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whose  retina  is  extraordinarily  rich  in  cones,  the  shortness  of  the  latter  in 
comparison  with  the  rods  is  very  apparent.  In  some  places  the  cones  with 
their  outer  segments  scarcely  reach  the  boundary  line  between  the  inner 
and  outer  segments  of  the  rods.     (See  the  accompanying  figure.) 

The  differences  of  both  divisions  of  the 
rods  and  cones  as  to  their  power  of  re- 
fracting light  is  perceptible  even  in  the 
absolutely  £resh  state,  but  becomes  plain- 
er with  the  post-mortem  changes,  which 
set  in  very  soon  after  death,  and  which 
the  most  careful  manipulation  cannot 
avert.  These  consist  partly  in  finely 
granular  opacities  invading  the  originally 
homogeneous  substance  of  the  inner  seg- 
ment, which  has  a  somewhat  lower  re- 
fractive power,  while  the  outer  segment 
retains  its  brilliant  and  homogeneous 
appearance.  As  a  consequence  of  this 
change  the  dividing  line  between  the  two 
segments  is  more  sharply  marked.  While 
the  rods  can  be  preserved  in  indifferent 
fluids  for  a  certain  length  of  time  with- 
out undergoing  further  changes ;  the  in- 
ner segment  of  the  cones  are  generally 
very  soon  affected  by  a  coarsely  granular 
coagulation,  which  renders  them  more 
and  more  opaque,  and  the  outer  segments 
are  in  a  short  time  entirely  unrecogniza- 
ble. Almost  immediately  after  the  prep- 
aration of  a  fresh  specimen  the  outer  seg- 
ment becomes  bent  and  distorted,  and 
finally  suffers  a  separation  of  its  sub- 
stance into  thin  lanunss,  which  hang  together  for  a  time,  then  swell  up  and 
disappear. 

The  external  segments  of  the  rods  also  succumb  to  the  same  fate,  although 
more  slowly.  The  well-known  peculiar  changes,  which  these  suffer  when  im- 
mersed in  serous  fluids,  especially  in  serous  fluids  diluted  with  water, 
depend,  as  I  have  shown,*  upon  swelling,  which  at  first  reveals  a  regular 
transverse  striation,  and  then  often  occasions  a  rapid  division  into  laoiinsB. 
Inasmuch  as  the  swelling  often  advances  irregularly  it  causes  cur\'atures  and 
manifold  variations  in  form  of  the  outer  segment,  and  generally  leaves  as 
final  result  a  globular  mass  similar  to  certain  myelin  drops. 

The  large  rods  of  the  Frog,  when  isolated  fresh  in  serum,  always  show  in 
certcdn  parts  a  very  fine  transverse  striation,  even  with  centiic  illumination 
and  magnified  600-800  times.  When  such  an  appearance  does  not  present 
itselfy  it  may  l>e  rendered  plainly  visible  by  the  use  of  very  oblique  illumin- 
ation.f  As  soon  as  swelling  takes  place  in  the  substance  of  the  external 
segment,  thin  laminaa  may  be  seen  tp  separate  themselves,  until,  under  the 
influence  of  the  serum,  diluted  with  water,  the  substance  of  the  laminse 
themselves  distends  and  the  structure  becomes  totally  unrecognizable. 
Exactly  the  same  phenomena  are  to  be  observed  in  the  rods  of  Man  and 


Fig.  818.  Bods  and  cones  (9),  limi> 
tans  externa  (8),  and  portion  of  layer 
of  external  granules  (7),  from  poste- 
rior portion  of  Pig's  retina.  The 
closely  packed  cones  enclose  within 
their  internal  segments  a  brilliant 
body  of  unknown  signification. 
x800. 


•A/,  m.  A,Bd.  iU.,  p.  224. 

t  M.  Schultze,  A  /.  w.  A,  Bd.  v.,  p.  880.  Anm. 


Digitized  by 


Google 


820 


THE  BBTINA* 


the  MammaJia.  But  the  highest  powers  and  the  use  of  oblique  illuminatioii 
are  here  indispensable  from  the  first,  before  visible  swelling  and  lengthening 
of  the  outer  segment  takes  place.  Thus  the  outer  segments  of  the  rods  of 
Man  and  the  Mammalia,  which  while  still  warm  have  been  put  into  a  1-2 
per  cent,  solution  of  osmic  acid,  and  have  preserved  their  form  unchanged, 
show  a  stiiation,  when  examined  with  a  power  magnifying  a  thousand  times, 
and  with  very  oblique  light  falling  in  the  direction  of  the  longitudinal  axis. 
These  striae  are  exceedingly  fine,  as  if  marked  on  copper,  and  almost  equal 
in  tenuity  to  those  of  Nitschia  sigmoides,  a  diatom  well  known  as  a  difficult 
test  object.  This  corresponds  to  a  separation  of  the  lines  of  0.03-0.04^ 
The  laminae  of  the  cones  are  somewhat  thicker.* 

Besides  this  thoroughly  characteristic  structure  the  outer  segments,  in 
the  fr^h  or  well-preserved  condition,  display  a  longitudinal  striation.f 


Fig.  819. 


I 
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Fig.  819.  External  segments  from  rods  and  cones,  o-d,  rods  from  the  Frog ;  e, 
from  Man ;  /,  double  cone  from  a  Fish  (Perch) ;  a,  fresh  and  in  connection  with  the 
inner  segment,  (s '  the  lenticnlar  shaped  body)  *  b,  first  stage  of  the  sweUingin  Beram ; 
c,  the  same  in  dilated  liquor  potassse,  x  500 ;  a,  resolution  into  laminae,  in  aerom, 
X  1,000 ;  6,  from  the  human  eye  oi>ened  immediately  after  enucleation,  and  preserr- 
ed  24  hours  in  strong  perosmio  acid,  as  seen  with  oblique  illumination,  x  1,000; 
/,  fresh,  in  serum. 

This  depends,  as  Hensen  first  observed,  upon  a  number  of  lines  rumiiiig 
lengthwise,  either  in  parallels  or  long  spirals,  along  the  surface  of  the  rod, 
but  having  some  relation  with  a  deeper  dififerentiation  in  its  structure.  As  it 
often  happens  in  rods  treated  with  osmic  acid  that  by  tearing,  rubbing,  or 
crushing  of  the  preparation,  lamin»  are  separated,  sometimes  thicker  and 
sometimes  thinner,  which  turn  their  flat  siurfaces  toward  the  observer,  it  is 
not  at  all  difficult  to  obtain  a  clear  view  of  the  relief  of  the  superficiea. 
In  such  laminie  may  be  observed,  as  shown  in  ^,  320,  besides  the  grooving 
of  the  surface,  also  a  suggestion  of  a  radial  division  of  the  substance. 
Bods  in  the  fresh  state,  and  examined  in  serum  show  here  and  there  longi- 
tudinal fissures.  The  character  of  the  superficies  of  the  laminae,  which  re- 
minds one  of  crenated  blood  globules,  does  not  depend  upon  shrlTiking. 

*  Direct  measurements  are  given  by  H.  Schultze,  A.  f.m.  A,,  Bd.  iii,  p.  228,  and 
W.  Zenker,  idem,  p.  250.  By  the  use  of  more  perfect  lens-ey stems  I  now  obtain  some- 
what lowei;  numbers  than  those  there  given.  W.  Erause^s  contradiction  ia  found  in 
Membr.  fenestr.  p.  23. 

f  Hensen  in  Yirchow^a  Archw,  Bd.  xxxix.,  Taf.  xii,  fig.  7.  H.  Schultze,  Af.  m.  A, 
Bd.  v.,  Taf.  xxii 
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The  normal  picture  of  a  transverse  section  of  the  external  segment  in  the 
fresh  condition  is  exactly  the  same.  I  have  shown  that  tlie  longitudinal 
markings,  which  ai'e  more  easily  observed  in  Fishes  and  Amphibia  on  ac- 
count of  the  greater  size  of  the  external  segment,  also  occur  in  Man  and  the 
Mammalia,  and  probably  in  them  also  depend  upon  a  grooving  of  the  surface. 
This  circumstance  is  in  a  high  degree  worthy  of  remark,  namely,  that  the 
cross-section  of  the  thick  outer  segment  of  the  Amphibia  (Triton)  and 
Fishes  (gygnathus)  often  varies  considerably  from  the  circular  form,  and 
may  be  irregularly  notched  or  even  crescent-shaped. 

Several  observers  have  advocated  the  eidstence  of  an  axial  fibre  running 
within  the  outer  segment  of  the  rod.  Ritter's  first  description,*  as  well  as 
the  confirmatory  observations  of  Manz  f  and  Schiess,J  gives  room  for  the 
conjecture  that  the  appearance  of  such  a  structure  should  be  ascribed  to  the 
influence  of  the  preservative  fluids  employed.     When,  however,  the  fresh 


OOO© 
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Fig.  820.  a,  external  segment  of  rod  from  the  Triton,  fresh,  in  serom ;  (,  thin  lam- 
ina of  the  same,  after  treatment  with  a  2  per  cent,  solution  of  perosmic  add,  broken 
off  and  viewed  somewhat  from  the  side.  The  remaining  figures  represent  similar  and 
even  thinner  laminsB  from  external  segpnents  of  various  thickoess,  and  viewed  from 
thesorface.    x  1,000. 

retina  of  a  Mammalian  is  viewed  from  above  so  as  to  command  the  still  well- 
preserved  ends  of  the  rods,  there  may  be  sometimes  seen,  by  varying  the 
focal  adjustment,  a  black  point  or  short  mark  in  the  centre  of  the  rod,§  and 
this  appearance  might  be  referred  to  the  presence  of  an  axial  fibre.  Hensen 
maintains  vdth  so\md  reasoning,!  contrary  to  W.  Krause's  ^  opposition,  that 
it  must  relate  to  original  structural  conditions.  An  entirely  satisfactory 
explanation  of  this  phenomenon  has  not  yet  been  given,  for  the  success- 
ful demonstration  by  isolation  of  an  axial  fibre  in  the  outer  segment  has  not 
yet  been  made.  Again  not  a  trace  of  axial  fibre  or  axial  canal  is  to  be  de- 
tected in  the  detached  laminie,  even  in  those  of  the  thick  rods  of  the  Am- 
phibia, no  matter  how  perfect  the  state  of  preservation  (see  above).  On 
the  other  hand,  according  to  the  observations  of  Zenker,**  the  diffei-ences  in 
the  index  of  refraction  of  the  surface  and  the  interior  of  the  rods  must  be 
taken  into  account,  and  this  may  probably  explain  the  appearance  in  ques- 
tion.    Zenker  estimates  these  indices  at  1.5  as  maximum  and  1.33  as  min- 

•  Gniefe,  Arckivf.  Ophth.,  Bd.  v.,  2,  p.  101,  Taf.  iv. 
t  Z.f.  rat.  Med.,  Bd.  x.,  1860,  p.  805. 
i  Idem,  Bd.  xviii,  1888,  p.  128. 

§  M.  Schnltze  A.  f.  m.  A.,  Bd.  a,  p.  219.    Tal  xiv.,  fig.  6.    Hensen,  in  Virchow's 
ArchiVy  Bd.  xxxix.,  p.  486.     Taf.  xil,  fig.  4,  A 
iA.f.  m.  A,  Bd.  iv.,  p.  347. 
1  Memhr.  fme$tr.,  p.  28. 
♦♦  A.f,  m.  A.,  Bd.  iiL,  p.  259. 
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imum.*  In  the  rods  of  the  Frog,  somewhat  swollen  by  perosmic  acid, 
Hensen  thought  he  recognized  three  axial  fibres  lying  close  together.f 

Some  observers  accept  the  existence  of  an  axial  fibre  also,  in  the  internal 
segment  of  the  rod.];  W.  Krause  first  described  §  such  an  arrangement  in 
the  cones  of  the  Bird,  where  the  fibre  is  said  to  terminate  in  an  ellipsoid 
body,  which  was  introduced  under  the  name  opticus-ellipsoid.  We  shall 
refer  again  to  these  bodies  in  the  cones  and  rods  of  Birds  and  other  animals, 
of  which  nothing  is  to  be  seen  in  the  rods  of  Man  and  the  Mammalia.  The 
axial  fibre  of  the  inner  segment,  however,  like  the  hypothetical  one  of  the 
outer  segment,  is  a  very  doubtful  structure.  In  Human  rods  I  have  not 
been  able  to  discover  a  single  axial  fibre. 

The  internal  segments  of  the  rods  and  cones  of  Man  and  many  animiilR, 
show^  on  the  other  hand,  by  perfect  preservation  in  perosmic  acid,  and  ex- 
amination with  very  high  powers,  a  fine,  longitudinal  striation  of  the  sur- 
face,! which  reminds  us  of  the  above-mentioned  external  segments  of  the 
Amphibia,  and  which  really  is  in  part  a  continiiation  ^  of  the  same.  While 
in  the  case  of  the  outer  segments  an  independence  of  the  strife  in  the  form 
of  separable  fibres  is  not  demonstrable,  the  appearance  being  rather  that  of 
a  simple  superficial  grooving  (see  above),  the  striation  of  the  inner  segments 
at  least  in  certain  places  is  due  to  fine  separable  fibrils.  Upon  the  large  cones 
of  the  human  retina  the  striation  of  the  surface  is,  under  some  circumstances, 
very  distinct.  The  striee  run  in  the  direction  of  the  longitudinal  axis  or  in 
lengthened  spirals,  and  consist  of  about  40-50  single  lines,  everywhere 
eqiially  distant  from  one  another,  being  at  the  thickest  part  of  the  cone  per- 
haps ^  fi  apart.  At  the  point  of  the  internal  segment,  the  lines  draw  so 
near  together  that  they  can  no  lon'ger  be  recognized  singly,  by  our  present 
aids  to  vision.  Still  the  appearance  is  as  if  the  strise  were  prolonged  upon 
the  surface  of  the  outer  segment  in  the  form  of  a  conical  tube.  For  a  deli- 
cate sheath  continuous  with  the  striated  cortex  of  the  inner  segment,  may 
be  isolated  for  a  longer  or  shorter  distance  upon  the  outer  segment.  The 
rods  in  Man  and  the  Mammalia,  like  tlie  cones,  present  a  superficial  stri- 
ping of  the  internal  segment.  The  strias  run  in  the  form  of  the  finest  lines, 
generally  8-10,  at  equal  intervals  around  the  inner  segment  parallel  to  the 
,  longitudinal  axis,  or,  as  on  the  cones,  in  a  lengthened  spiral,  as  &r  as  the 
division  between  inner  and  outer  segment.  If  the  latter  has  fallen  ofi^ 
and  the  preparation  has  been  well  preserved  in  perosmic  acid,  there  may  be 
seen,  projecting  a  little  beyond  the  external  end  of  the  inner  segment,  and 
continuous  with  its  stri»,  a  collection  of  exceedingly  fine  fibrils,  forming  as 
it  were,  a  basket-work  which  formerly  enclosed  t£e  external  se^ent.  In 
short  there  exists  here  as  in  the  cones  a  fibre  sheath  for  the  outer  s^ment, 
which  JB  continuous  with  the  striation  of  the  inner  segment,  and  which  may 
be  isolated  for  a  certain  distance.  In  spite  of  their  fineness  it  is  possible, 
even  upon  the  highly  refractive  external  segment  of  the  rods  of  Man,  to 
recognize  the  exquisitely  fine  lines  which  run  straight  or  in  fisunt  spirals 
over  the  surface.** 

As  has  been  stated,  these  fibres  are  in  part  capable  of  being  separated. 

•  W.  Krause. 

Virchow's  Archiv,  Bd.  xzziz.,  p.  489,  Taf.  xii,  fig.  8. 
[  Compare  Hansen,  a.  a.  0.  fig.  6. 
)  Anatom.  (Inters,^  1860.  Taf.  ii.,  figs.  5  and  6. 
I  M.  Schtatze,  A,  /.  m.  A.,  Bd.  v.,  p.  394.  Taf.  xxii 

f  Hansen,  Yirchow^s  Ardik^  Bd.  xxxix. ,  p.  489,  made  the  first  such  obBervatioii 
in  the  Frog. 
♦•  M.  Schultze,  L  c.    Taf.  xxiL,  figs.  7-15. 
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Espedallj  fi*om  the  base  of  the  cones  of  Man  they  become  easily  detached 
for  a  cei'tain  distance,  and  retain  their  position  in  the  form  of  tubes  stand- 
ing upon  the  M.  limitans  externa  after  the  cones  have  fallen  off.*  The  lim- 
itans  externa,  viewed  from  the  surface,  then  appears  marked  in  finely  dotted 
circles,!  which  correspond  in  diameter  with  the  cones,  and  the  appearance 
is  as  if  the  fibrils,  which  we  regarded  as  composing  the  cone-fibres  within 
the  layer  of  external  granules,  ran  singly  over  the 


surface  of  the  cone-body.  Were  this  the  case  the 
fibrils  would  be,  in  fact,  nerves.  This  appears  how- 
ever, not  to  be  so.  Although  the  fine  fibres  are 
with  difficulty  traced  backwards  into  the  external 
granule  layer,  I  have  ascertained  this  much  with 
certainty,  namely,  that  they  are  continuous  with 
the  tissue  lying  between  the  fibres  of  the  rods  and 
cones.  But  since  this  tissue  can  only^  be  consid- 
ered as  connective  substance,  the  fibrils  in  ques- 
tion represent  a  continuation  of  the  delicate  fibril- 
lated  connective  substance  of  the  external  granule 
layer,  and  form  a  supporting  fibrillar  frame-work 
for  the  bases  of  the  rods  and  cones  (comp.  fig.  326).  J 
Their  further  relations  with  the  surface,  especially 
of  the  cones  of  Man,  are  doubtful,  by  reason  of  a 
new  complication  in  the  structure  of  the  interior 
of  the  cone-body.  Here  is  to  be  foundj  according 
to  my  researches,  a  thick  mass  of  fibrils  running 
in  the  longitudinal  direction  and  occupying  the 
entire  thickness  of  the  cone-body  so  that  a  dis- 
tinction between  the  superficial  and  subjacent 
fibres  has  not  yet  been  successfully  made.  These 
internal  fibrils,  it  is  worthy  of  remark,  do  not  de- 
scend as  far  as  the  limitans  externa,  but  stop  sud- 
denly at  a  certain  distance  above  it.  Here  at 
least  they  become  invisible,  and  must  change  their 
character  if  they  reach  further — ^for  instance,  into 
the  cone-fibre.  Some  cones  are  to  be  found, 
which,  at  the  place  where  the  internal  fibrils  stop, 
contain  little  globular  masses  like  drops  of  fatty 
matter ;  others,  which  are  here  transversely  bro- 
ken off.  In  the  fresh  state  the  fibrillar  portion 
of  the  interior  of  the  cone  presents  itself  as  a 
brilliant,  highly  refractive  division  of  the  cone. 
It  is  possible  also  by  proper  maceration  to  iso- 
late these  fibrils.  They  terminate  at  the  point 
where  the  outer  segment  begins.  The  union 
of  the  outer  segment  with  the  inner  segment 
appears  to  be  effected  by  a  sheath,  which  also 
snrroimds  the  fibrillar  substance. 


Fig.  831. 


mv 


Pig.  321.  Rod  and  cone 
from  Man  after  preservation 
in  a  2  per  cent,  solution  of 
perosmio  acid,  showing  the 
fine  fibres  on  the  fmrface, 
and  the  different  lengths 
of  the  internal  segment. 
The  external  segment  of 
the  cone  is  resolved  into 
laminae  which  still  hold  to- 
gether. X  1,000. 


♦  I  formerly  sketched  very  incomplete  portions  of  these  fibres  (A.  f.  m.  A.,  Bd.  ii., 
Taf.  xi.,  fig.  18  a).  They  were  introduced  by  W.  Krause,  under  the  name  "needles," 
as  special  elements  of  the  rod  and  cone  layer  {Mmribr,  fenestr.^  figs.  4,  5,  21). 

\  A,f.fn,  A,  Bd.  v.,  Taf.  xxii,  fig.  6. 

I  Landolt  has  lately  described  a  sheath -Hke  prolongation  of  the  connective  substance 
over  the  rods  in  Amphibia  {A.  f.  m.  A.,  Bd.  vii,  p.  94),  which  may  correspond  in  its 
essentials  with  the  above-mentioned  fibrillar  frame-work. 
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I  recognize  also  in  the  interior  of  the  inner  segment  of  the  rod  in  Man 
a  precisely  similar  structure  consisting  of  stiff  fibrils  (fig.  322,  A^  m). 
The  structure  is  throughout  similar  to  that  of  the  cones,  and  confirms  the 
in  other  respectb  well  authorized  opinion,  that  between  rods  and  cones,  with 
the  exception  of  the  varying  thickness  of  their  respective  nerve  fibres, 
there  exists  no  essential  difference  beyond  that  of  size  and  form;  that 
therefore  both  kinds  of  percipient  elements  are  only  modifications  of  one 
primitive  form. 

Fig.  822. 


Fig.  822.  A^  inner  segments  of  rods  {sss)  and  cones  {zz'\  from  Man,  the  latter  in 
connection  with  the  cone-granules  and  fibres  as  far  as  the  external  molecular  layer,  6. 
The  cone,  z\  is  distinguished  by  an  uncommonly  long  band  running  to  the  cone-granole 
(the  thicker  and  more  peripheric  portion  of  the  cone-fibre).  In  the  interior  of  the  in- 
ner segment  of  both  ix)d  and  cone  the  fibrillar  structure  is  visible,  x  800.  B^  inner 
segment  of  a  cone  with  cone-granule  and  beginning  of  the  cone-fibre,  from  Man,  in 
which  the  internal  fibrillar  structure  does  not  descend  so  far  towards  the  limitans  ex- 
terna. X  1,200.  (7,  detached  fibrillated  portion  of  a  cone  from  its  interior,  and  there- 
fore shorter  than  the  cone  itself,  from  a  cone  in  the  vicinity  of  the  ora  serrata. 

With  the  rods  and  cones  we  arrive  at  the  end  of  the  expansion  of  the 
optic-nerve  fibres  in  the  retina.  If  we  review  again  the  connection  of  the 
nervous  elements  of  the  human  retina,  as  we  ai*e  enabled  to  present  it  in 
the  present  state  of  our  knowledge,  we  find  in  the  first  place  (compare  the 
accompanying  diagrammatic  figure)  the  non-medullat«d  nerve  fibi'es  of  the 
opticus  layer  in  connection  with  ganglion  cells.  At  the  macula  lutea,  where 
this  union  is  particularly  easy  to  be  traced^  these  ganglion  cells  are  all  bipo 
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Fig.  323. 


lar.  The  peripheric  process  is  tlie  thicker,  and  passes  into  the  internal 
molecular  layer,  there  to  ramify.  In  the  other  portions  of  the  retina  most 
of  the  gangUon  cells  seem  to  be  multipolar,  in 
which  case  probably  one  centric  j)rocess  runs 
to  the  opticus  layer,  the  others,  peripheric,  are 
distributed  in  finest  ramifications  to  the  inter- 
nal molecular  layer.  The  nature  and  course  of 
the  fine  ganglion-cell  processes  in  the  internal 
molecular  layer  resembles  in  every  respect  that 
of  the  finest  primitive  nerve  fibrils  of  the  gray 
cortical  substance  of  the  brain.  They  form  in 
their  complicated  course  the  closest  network, 
and  lie  embedded  in  the  tough  sponge-like  con- 
nective substance,  which  hinders  their  isolation 
for  any  considerable  distance.  There  is  there- 
fore but  little  chance  that  the  communication 
of  these  ganglion-cell  processes  with  the  nerv- 
ous fibres  of  the  following  layer  can  be  de- 
monstrated. In  the  layer  of  interiial  granules 
we  find  nerve  fibres  running  perpendicular  to 
the  surface  of  the  retina.  At  the  macula 
lutea  only  are  to  be  found  fibres  of  this  na- 
ture running  diagonally  to  the  surface.  Each 
of  these  fibres  is  interrupted  by  a  small  cell, 
an  internal  graniile,  a  bipolar  ganglion  cell, 
whose  centric  process  (that  portion  of  the  radial 
nerve  fibre  which  ascends  from  the  internal 
molecular  layer)  is  very  fine,  while  the  peri- 
pheric process  is  somewhat  thicker.  This  latter 
loses  itself  probably  through  ramifications  in 
the  external  molecular  l^.yer.  These  ramifica- 
tions resemble  those  of  the  internal  molecular 
layer,  and  like  them  render  impossible  a  closer 
following  of  the  nerve  fibrils  which  traverse 
this  layer.  Here  the  rod-  and  cone-fibres  take 
their  origin,  and  follow  a  direction  perpendicu- 
lar to  the  surface,  except  at  the  macula  lutea 
where  they  take  a  diagonal  course.  The  cone- 
fibre  is  formed  by  the  concurrence  of  a  great 
number  of  fine  fibrils,  and  presents  the  ap- 
pearance of  a  thick  fibre  of  the  opticus  layer ;  it 
is  continuous  with  the  nucleated  cone-gi-anule — 
a  bipolar  ganglion  cell  whose  peripheric  process 
is  generally  in  fact  the  cone-body  itself.  If,,  as 
often  occurs  especially  at  the  macula  lutea,  a 
longer  interval  remains  between  the  cone -gra- 
nule and  the  cone-body,  this  peripheric  portion 

Fig.  323. — Diagrammatic  representation  of  the  con- 
nection of  the  nerve  fibres  in  the  retina.  The  num- 
bers are  the  same  as  in  fig.  310,  p.  803.  2,  opticas 
fibres ;  3,  ganglion  cells ;  4,  internal  molecular  layer ; 
5,  layer  of  internal  grannies ;  6,  external  molecular 
layer;  7,  layer  of  external  g^rannles;  9,  rods  and 
cones. 
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of  the  cone-fibre  is  thicker  again  than  the  centric  portion.  The  rod-fibres 
are  very  much  finer  than  the  cone-fibres.  Whether  they  also  are  composed 
of  many  fibrils  has  not  yet  been  demonstrated,  but  is  for  several  reasons 
probable.  The  peripheric  portion  of  the  rod-fibre  is  far  thicker  than  the 
centric  portion,  which  arises  at  the  external  molecular  layer  by  an  intumes- 
cence, analogous,  and  in  many  animals  exactly  similar,  to  that  of  the  cone- 
fibre.  The  rods  and  cones  themselves  we  regard  as  the  terminal  organs 
of  the  optic-nerve  fibres.  Whether  the  fibrils  in  the  interior  of  the  inner 
segment  are  continuous  with  the  nervous  fibrils  of  the  corresponding  fibre, 
and  so  represent  its  terminal  modification,  must  remain  undecided,  as  well 
as  the  question  concerning  the  relations  of  the  outer  segment  to  the  nerve 
substance.  It  is  highly  probable  that  the  inner  and  outer  segment  have 
a  common  envelope,  but  every  other  method  of  continuity  between  them,  for 
instance  by  interior  nervous  fibres,  is  a  bare  hypothesis.  Possibly,  there^ 
fore,  the  nerve  substance  mi^t  terminate  with  the  inner  segment,  while 
the  outer  segment  should  represent  a  physical  auxiliary  apparatus,  non- 
nervous  in  character. 

The  circumstance  that  the  processes  of  the  retinal  nerve  cells  are  always 
thicker  towards  the  periphery  than  towards  the  centre  (as  represented  in 
fig.  323)  is  very  important,  and  worthy  of  remark  in  its  bearing  n|)on  the 
signification  of  nerve  cells  in  general.  If  the  difference  in  thickness  de- 
pended on  the  varying  number  of  elementary  nerve  fibrils,  the  latter  would 
be  more  numerous  at  the  periphery  than  at  the  centre,  which  could  only 
be  explained  by  an  increase  in  the  number  of  fibrils  within  the  nerve  cells 
themselves. 

The  minntin  in  the  anatomy  of  the  rods  and  cones  of  the  retina  most  excite  our 
liveliest  interest,  when  we  consider  that  we  have  to  do  with  stmctuxes  whose  office  is 
Ijo  translate  the  phenomena  of  light  into  those  of  nervous  conduction. 

We  can  and  must  presume  that  the  structure  of  the  terminal  organs  is  consistent 
with  their  function ;  and  the  hope  of  discovering  something  of  this  kind  with  the  mi- 
croscope draws  near,  and  with  reason  increases  from  tiie  fact,  that  the  more  exact  the 
examination  and  the  stronger  the  magnifying  power,  the  finer  and  the  more  remark- 
able the  structural  details  discovered.  Well  may  this  hope  appear  to  many  too  bold 
on  account  of  the  shortness  of  the  undulations  of  light.  If,  however,  we  consider 
more  exactly  that  the  measurements  in  question  (namely,  0.7  /i  for  the  approximate 
length  of  the  waves  of  light  at  the  visible  red  end  of  the  spectrum,  and  0.4  ju  at  the 
visible  violet  end)  lie  witi^  the  measurements  appreciable  and  definable  by  the  micro- 
scopist,  we  can  no  longer  designate  the  task  as  too  bold.  In  its  pursuit  the  researchea 
in  comparative  anatomy  vrill  naturally  be  of  the  highest  value.  However  different 
the  formation  and  development  of  the  eyes  of  animals  may  be  in  general,  still,  for  the 
purpose  of  transferring  the  imdulations  of  light  to  the  domain  of  nervous  conduction, 
we  may  assume  a  conformity  in  the  structure  of  the  terminal  nervous  organs  and 
their  auxiliary  apparatus,  such  as  we  see  for  instance  in  the  organ  of  hearing,  in  the 
form  of  auditory  filaments  projecting  into  a  fluid.  Here  then  it  may  be  allowable  to 
present  a  short  sketch  of  our  knowledge  of  the  terminal  apparatus  of  the  optic  nerve 
in  the  lower  animals,  accompanying  it  with  a  hint  as  to  the  physiological  valne  of  the 
differences  which  present  themselves. 

All  the  Vertebrata  that  have  the  power  of  vision,  perhaps  with  the  single  exception 
of  the  Amphioxus,  whose  eyes  stand  very  low  in  tiie  scale  of  development,  poBseas  a 
retina  witii  a  layer  of  rods  and  cones  lie  that  of  Man.  While  generally  the  cones 
are  recognizable  by  their  club-shaped  inner  segment  and  conical  outer  segments,  and 
are  easily  distinguished  from  the  rods  when  the  two  are  mingled  together,  as  in  the 
human  retina  (also  in  the  Ape,  the  Pig,  the  ruminants,  and  most  bony  fishes),  cases 
also  occur  in  which  the  cones  are  more  like  the  rods ;  thus  in  the  Guinea  Pig  or  Babbit 
the  inner  segment  of  the  cone  is  scarcely  thicker  than,  or  otherwise  differently  formed 
from,  that  of  the  rod,  so  that  a  distinction  can  be  made  only  by  the  outer  segment. 
But  here  also  variations  occur,  as  in  the  Triton,*  and  less  distinctly  in  the  Frog,  where 

♦  M.  Schultze,  A.  f.  m.  A.,  Bd,  iii,  p.  237. 
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the  ontor  se^irment  of  the  xod  is  conical  in  shape.  In  birds  very  thin  rod-like  cones 
are  to  be  found,  in  which  the  conical  fonn  of  the  lengthened  outer  segpnent  is  not 
always  easily  apparent.  If  from  this  it  would  seem  as  though  the  sharp  distinction  be- 
tween rods  and  oones  disappeared  in  the  animal  kingdom,  nevertheless  there  are 
always  present  certain  marks  which  render  the  distinction  possible  in  almost  all  cases. 
To  these  extraordinary  marks  belong  in  birds  the  highly  refractive  globules  of  fat-like 
substance,  which  g^erally  have  a  yellow  or  red  color,  and  exist  in  all  the  cones,  while 
in  the  rods  they  are  wanting.  These  lie  in  that  portion  of  the  inner  segment  where 
it  passes  over  into  the  outer  segment,  and  are  of  such  a  size  that  each  one  fills  up  that 
part  of  the  cone  in  such  a  manner  that  no  light  can  reach  the  outer  segment  without 
passing  through  the  globule  (see  Fig.  824,  2).  There  exist  colorless  globules  of  this 
kind,  the  greater  part,  however,  are  yellow,  bright  yellow,  greenish  yellow,  g^amboge, 
and  orange ;  between  these  at  regular  intervals  stand  the  ruby  colorad  globules. 

These  globules  must,  by  virtue  of  their  sphericity,  exert  some  influence  on  the 
course  of  the  luminous  rays,  and  according  to  their  color  absorb  certain  rays.  Their 
presence  proves,  as  Hensen  first  brought  to  notice,*  with  a  high  degree  of  probability, 
that  the  outer  segment  is  the  medium  o^  perception,  since  otherwise  the  selection  by 
absorption  would  be  without  purpose.  The  fact  that  they  occur  in  the  cones  and  not 
in  the  rods  demonstrates  that  the  former  are  more  concerned  in  the  perception  of 
colors  than  the  latter,  which  seems  on  other  grounds  to  be  the  case  in  Man  and  the  Mam- 
malia.f  That  the  globules  in  question  occupy  the  entire  thickness  of  the  inner  seg- 
ment proves  on  the  other  hand,  as  Srause  rightly  observed,!  that  there  exists  here  an 
interruption  of  continuity,  and  that  the  outer  segments  cannot  be  of  nervous  nature, 
even  though  the  inner  segments  may  be.  I  at  one  time  believed  it  possible  to  point 
out  the  way  in  which  the  outer  segment  might  take  a  share  in  the  act  of  perception, 
namely  by  means  of  the  fibres,  di^vered  by  me,  which  run  over  the  surface  of  the 
inner  segment  and  are  continued  upon  the  outer  segment,  g  The  new  complications, 
which  the  discovery  of  the  internal  fibre-system  of  the  rods  and  cones  introduces  to  this 
subject,  prevent  any  decisive  expression  of  opinion  at  the  present  time. 

Ab  in  the  Birds,  the  globules  are  found  also  in  the  cones  of  the  Reptiles,  some- 
times colorless,  in  the  Turtle  red,  orange,  and  yellow.  Finally  the  veiy  small  cones  of 
the  tailless  Batrachians  are  distingruished,  each  by  a  strongly  re^aotive  globule 
which  is  either  colorless  or  bright  yellow.  They  do  not  occur  in  the  Fishes,  unless  the 
statement  of  Leydig  in  regard  to  tiie  percipient  elements  of  the  Sturgeon  I  has  refer- 
ence to  them.  Beeddes  the  colored  globules,  many  cones  in  Birds  (the  dove)  and  Liz- 
zards  contain  also  a  diffused  red  or  yellow  coloring  matter,  which  may  assist  the  glob- 
ules in  their  office  of  elective  absorption. 

Besides  this,  another  distinctive  mark  is  to  be  found  in  the  inner  segment  of  the 
cones  of  the  Amphibians,  Reptiles,  and  Birds,  also  in  the  izmer  segpnent  of  the  rods  of 
the  two  last-mentioned  dasses ;  this  consists  in  a  lentiform  body  of  stronger  refractive 
power  than  the  surrounding  parts,  and  seems  suited  to  exert  Some  influence  over  the 
rays  of  light.  In  the  rods  it  occupies  the  end  of  the  inner  segpnent,  and  is  flattened 
posteriorly  towards  the  outer  segment,  spherical  or  ellipsoidal  anteriorly.  In  cones 
which  contain  the  globule  it  is  applied  immediately  to  the  anterior  surface  of  the 
globule.  W.  Krause  first  saw  this  body  in  the  cones  of  the  Chicken  and  thought 
it  should  be  considered  as  the  knob-shaped  end  of  the  central  nerve  fibre  of  the 
inner  segment,  and  gave  it  the  name  opticus-ellipsoid.ir  I  have  described  it  as  the 
lentiform  body.** 

Perosmic  add  applied  to  fresh  retinas  makes  the  lentiform  body,  for  instance  in 
Birds  and  the  Amphibia,  exceedingly  distinct,  since  it  preserves  the  forms  <perf ectly 
and  brings  out  faint  differences  in  color.  In  human  rods  and  cones,  whether  &esh  or 
with  the  help  of  this  reagent,  it  is  impossible  to  bring  to  view  a  similar  body.  It  is 
worthy  of  remark  that  in  some  animals  the  lentiform  body  of  the  rod  is  composed  of 
two  parts  which  behave  differently  when  treated  with  perosmic  add,  and  possess  a 
different  refractive  power,  ff 

In  the  rods  of  the  Bird  a  small  anterior  section  in  the  form  of  a  short  appendix,  is 

*  Virchow's  Archi%  Bd.  xxxiv.,  p.  405. 
■  M.  Schultze,  A,f.  m.  A,  Bd.  ii,  p.  253. 
Membr,  fenettr.^  p.  46. 
I  A,  /,  m.  A,  Bd,  v.,  p.  400. 

Anatom.  histol.  Untera.  Hber  Fwche  undReptilien.  1858,  p.  9. 
[  Gottinger  Nachrichten,  1867,  No.  87. 
*♦  M.  Schultze,  A.  f.  m.  A,  Bd.  iil,  p.  221. 
tt  M.  Schultze,  A/,  m.  A,  Bd.  v.,  p.  401,  408,  figs.  2  and  17. 
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often  separated  from  the  point  of  the  ellipsoidal  lens.*  This  section  is  more  brilliant 
than  the  rest  of  the  lentiform  body  (fig.  324,  «').  In  the  Triton  the  posterior  section 
presents  on  its  anterior  surface  a  spherical  concavity  in  which  lies  the  anterior  section 
in  the  form  of  a  convex  lens  (fig.  324,  5  c').  It  is  natural  to  assume  that  we  here  have 
to  do  with  a  mechanism,  which  in  a  very  decided  way  diverts  from  their  course  the 
rays  of  light  which  pass  towards  the  outer  segment. 

Fig.  324. 


Fig.  324.  1,  2,8,  rods  from  retina  of  the  Hawk;  «',  inner  segments  with  re- 
fractive lentiform  bodies;  8\  outer  segment  surrounded  with  pigment  granules 
arranged  in  rows,  as  they  often  adhere  to  the  outer  segment  in  preparations  ^u^dened 
in  perosmic  acid;  4,  rod  and  cone  {z)  from  the  Chicken;  k,  yellow  globule  in  the  inner 
segment  of  the  cone,  also  an  ellipsoidal  refractive  body ;  5,  rod  from  Triton ;  c,  plano- 
concave ;  o',  biconcave  lens  in  inner  segment,      x  8(X). 

The  twin  cones  or  double  cones,  first  described  by  Hannover,  f  are  perfectly  unintel- 
ligible in  their  physiological  relations.  In  Man  and  the  Mammalia  they  have  not  yet 
been  observed,!  ^^^  ^^J  occur  in  Birds,  Reptiles,  Amphibia,  and  Fishes.  In  Fishes, 
where  they  are  largest,  most  frequent,  and  ^erefore  easiest  to  find,  they  consist  of 
two  apparently  precisely  similar  cones  grown  together,  with  separate  outer  segments 
and  cone-fibres,  so  that  one  might  suppose  that  they  were  cones  multiplying  by  divi- 
sion in  the  longitudinal  axis.  It  is  otherwise  with  those  animals,  in  whom  as  I  have 
shown,  essential  differences  exist  between  the  two  halves  of  the  double  cone ;  this 
cannot  be  without  physiologfical  significance.  In  Birds,  Turtles,  Lizards,  and  the 
Frog,  in  whom  each  cone  commonly  contains  a  colored  or  colorless  globule,  such  a 
globule  is  found  only  in  one  half  of  the  double  cone ;  the  other  half  contains  only  the 
ellipsoidal  lentiform  body,  which  in  many  Birds  is  colored  yellow,  but  which  even 
then  differs  essentially  in  form  and  refractive  power  fiom  the  colored  globule  of  the 
other  half  of  the  cone.§  Very  often  there  exists  also  a  difference  in  length  of  the 
halves  in  such  a  manner  that  the  one  containing  the  globule  reaches  further  back  than 
the  one  without  it,  so  that  the  planes  in  which  the  inner  and  outer  segments  come  to- 
gether do  not  coincide.  If  we  consider  the  outer  segment  as  the  point  of  distinct 
vision,  there  would  ensue  the  necessity  of  a  different  accommodation  for  each  half  of 
the  double  cone,  that  is,  if  they  had  the  same  functions  and  received  the  rays  of  light 

*  It  was  this  appendix,  which  I  formerly  pointed  out  in  swollen  inner  segments 
as  being  possibly  iiie  remains  of  a  resistant  axial  fibre  {A,  f,  m.  A. ,  Bd.  iii.,  p.  245, 
fig.  5). 

t  Hannover,  Hecherches  nUcroseopiques,  etc.,  1841.  Details  on  this  subject  by  M. 
Schultze,  A  /.  m.  A,  Bd.  iii.,  p.  231. 

X  Hannover  thought  he  had  found  them,  but  was  in  error. 

§  A  /.  m.  A,  Bd,  iii,  Taf.  xiii.,  fig.  6,  c. 
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under  otherwise  similar  conditions.  The  latter,  however,  is  not  the  case,  inasmuch 
as  the  refractive  lentif orm  bodies  of  the  inner  segment  of  the  two  halves  are  essen- 
tially different. 

From  all  this  may  be  drawn  the  conclusion,  that  the  lentiform  body  is  destined  to 
give  the  rays  of  light  such  a  direction  for  the  final  elaboration  in  the  outer  segment, 
as  they  seem  incapable  of  receiving  from  the  coarser  refractive  apparatus. 

The  variety  in  tie  distribution  of  the  rods  and  cones  in  the  animal  kingdom  is  wor- 
thy of  remark.  Either  form  of  percipient  element  may  be  represented  by 'the  other. 
Thus  the  retina  of  the  Roach,  the  Shark,  the  river  Lamprey,  and  probably  the  Stur- 
geon *  is  entirely  wanting  in  cones ;  also  among  the  Mammalia,  the  Bat,  the  Hedge- 
hog, and  the  Mole  ;f  while  the  retinae  of  many  Lizards,  Snakes,  Turtles,  and  probably 
all  Reptiles,  are  without  rods,  containing  exclusively  cones.  {  I»  Birds  the  number  of 
cones  is  generally  very  much  greater  than  that  of  the  rods,  while  in  the  Mammalia 
the  reverse  holds  true.  In  the  retina  of  Man  and  the  Apes  the  cones  outnumber  the 
rods  only  at  the  yellow  spot,  and  at  the  centre  of  this  region  of  distinct  vision  the 
rods  are  entirely  wanting.  In  respect  to  the  distribution  of  cones,  the  retina  of  the 
Bird  in  its  whole  extent  possesses  a  similarity  with  the  macula  lutea  of  Man,  which  is 
augmented  by  the  fact  that  the  yellow  globules  of  the  cones  hold  a  similar  relation  to 
the  outer  segments  with  the  yellow  pigpnent  in  the  most  sensitive  portion  of  the 
human  retina. 

It  is  a  remarkable  fact  that  the  number  of  cones  is  considerably  less  in  the  Owls, 
which  fly  in  the  twilight  or  at  night,  so  that  here  again  the  rods  are  more  numerous 
than  the  cones.  In  these  Birds,  also,  the  intensity  of  the  yellow  pigment  in  the  cones 
is  less  than  in  the  day  Birds,  but  the  red  pigment  is  entirely  wanting.^  Likewise  in 
Mammalia  that  prefer  twilight  or  night  to  day,  the  cones  are  either  markedly  dimin- 
ished in  number,  or  entirely  absent,  as  in  the  Bats  and  the  other  animals  mentioned 
above.  In  the  Rat,  the  Mouse,  the  Dormouse,  and  the  Guinda-Pig  the  cones,  if  they 
exist  at  all,  are  only  quite  rudimentary  in  comparison  with  those  of  Man,  the  Rumi- 
nants, the  Pig,  and  the  Dog.  The  Cat  possesses  distinct  but  thin  cones ;  in  the  Rabbit 
they  are  less  distinct.  I 

It  is  worthy  of  note  also  that  the  absolute  length  of  the  outer  segment  of  the  rods 
is  in  most  nocturnal  animals  very  considerable.  ^  The  number  of  the  laminae  increases 
also  with  the  length  of  the  outer  segment,  but  their  thickness  varies  little  if  at  all. 
According  to  this  the  reflection  and  elaboration  of  the  luminous  rays,  in  so  far  as 
they  are  affected  by  the  laminated  structure,  will  be  more  perfect  when  the  outer 
segment  is  longer. 

♦  A  more  careful  examination  is  necessary  for  the  Petromyzon.  I  recently  had  the 
opportunity  of  examining  the  eye  of  the  river  Lamprey,  and  found  in  the  rod-  and 
cone-layer  only  one  form  of  element,  which,  from  tiie  appearance  of  the  outer  seg- 
ment, I  took  to  be  rods.  According  to  an  incidental  observation  by  H.  MtLller  [Ange 
d^  CfhamcUeon,  p.  25),  rods  and  cones  are  found  mingled  iu  the  eye  of  the  Petromy- 
Eon  Marinug.  Aocording  to  Bowman  (On  the  Eye^  p.  89),  and  Leydig  {Finche  vnd 
AmphUnen^  p.  9)  the  Stuigeon  possesses  but  one  Idnd  of  percipient  element,  and 
these,  according  to  Leydig's  drawings,  resemble  the  rods  in  the  form  of  their  outer 
segments.  In  the  bony  Fishes  a  mixture  of  rods  and  large  cones  is  the  rule.  Among 
a  great  variety  of  Fish  from  the  Baltic  Sea,  which  I  examined  with  reference  to  the 
distribution  of  the  rods  and  cones,  and  among  which  were  specimens  of  Pleunorectes, 
Gadus,  Gasterosteus,  Tracburus,  Gottus,  Crenilabrus,  and  S3'gnathus,  I  found  only 
in  the  latter  notable  deviations  £rom  the  ordinaiy  tyi>e.  The  rods  are  here  very 
thick  and  short,  as  in  the  Amphibia,  the  cones  are  few  in  number,  and  the  laminae, 
into  which  the  rods  resolve  after  being  hardened  for  a  short  time  in  perosmic  acid, 
often  have  a  well-marked  crescentic  form,  similar  to  that  which  I  have  described  in 
the  Triton. 

fA.f.m.  A.,  Bd.  il,  p.  198,  Bd.  iii.,  p.  238. 

i  Idem,  Bd.  ii. ,  p.  209.  W.  Krause^s  statement  that  in  Lacerta  agilis  rods  are  pres- 
ent as  well  as  cones,  is  erroneous.  Hulke,  as  I  have  shown,  has  not  been  fortunate 
in  discriminating  between  the  rods  and  cones  of  Reptiles,  so  that  his  statements  must 
be  received  with  caution. 

§  Compare  my  statements  in  Arehiv  f.  mikr.  Anat.,  Bd.  ii.,  p.  208,  which  after 
repeated  researclies  I  must  hold  to  in  every  particular,  notwithstanding  W.  Krause^s 
opposition  {Membr.  fenestr, ,  1868,  p.  29). 

I  M,  Schultze,  A.f,m.  ^.,  Bd.  ii,  p.  197;  W.  Erause's  reply,  see  Anp.tomie  des 
Kajiinehsns,  p.  129  and  MemJbr,  fenestr.  p.  30. 

t  M.  Schultze,  A.  f.  m.  A,  Bd.  u.,  p.  199,  Taf.  xiv.,  ^.  7  (Rat),  p.  208,  Taf.  ix., 
fig.  10,  11  (Owl),  Bd.  ill,  p.  243,  W.  Krause,  Menibr,  fenestr.  p.  31. 
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The  retinal  stmctnie  of  the  Inyertebrates  differs  essentially  from  that  of  the  Ver- 
tebrateii  in  acoordanoe  with  the  dissimilarity  in  development.  This  is  eBpedally  evi- 
dent in  the  percipient  layer,  or  the  layer  of  rods  and  conee.  In  Molludcs,  Articulate 
Animals,  and  Worms  the  terminal  extremity  of  the  optic  nerve  presents,  as  in  the  Ver- 
brates,  a  layer  of  paliaade-like  stractnres.  These,  however,  are  situated  differently 
from  those  in  the  Vertebrates,  being  turned  toward  the  light  and  looking  forward  in 
the  direction  of  the  lens,  while  ia  the  Vertebrates  the  lod-layer  lies  in  apposition 
with  the  choroid.  This  condition  of  affairs  finds  its  explanation  in  the  development 
of  the  retina,  which  in  the  Vertebrates  is  formed  by  a  protrusion  of  the  oerebnJ  vesi- 
cle (see  below);  in  the  Invertebrates,*  on  the  otiier  hand,  by  an  inversion  of  the 
skin. 

Among  the  MoUusks  we  are  most  familiar  with  the  retinal  structure  of  the  Cepha- 
lopods  and  Heteropods.f  In  the  Cephalopods  rod-like  pallisades  of  considerable 
length,  reddish  in  color  to  the  naked  eye,  form  the  innermost  layer  of  the  retina, 
which  is  separated  from  the  external  layers  by  brownish-black  pigment  The  rod- 
layer  is  composed,  firstly,  of  lamellated  palisades  after  the  manner  of  the  outer  seg- 
ment of  the  Vertebrates,  but  much  more  diverse  in  the  form  of  the  transverse  sec- 
tions, which  may  be  creeoentic,  round,  four-cornered,  or  quite  irregular.  Neighbor- 
ing palisades  also  may  grow  together  in  such  a  way  as  to  present  a  coherent  mass 
pierced  by  perpendicular  tubes.  The  laminas  which  compose  these  pallisades  have, 
accordiog  to  my  measurements,  nearly  the  same  thickness  as  in  the  Vertebrates,  that  is, 
about  0.5 ft;  secondly,  in  the  intervals  between  the  palisades  and  on  their  surface 
are  to  be  found  fine  nerve-fibrils,  the  terminal  ends  of  the  opticus  fibres.  These 
proceed  into  the  rod-layer  from  a  layer  of  nucleated  fusiform  cells,  which  may  be 
compared  with  the  layer  of  external  granules.  The  nucleated  spindles,  however, 
which  terminate  in  one  direction  by  filaments  passing  into  the  rod-layer,  are  at  the 
other  end  resolved  into  fine  fibrils,  which  spring  from  the  opticus  layer.  Thirdly,  the 
rod-layer  contains  brownish-black  granular  pigment  matter.  This  is  never  wanting  at 
the  outer  end  of  the  rods,  and  separates  them  from  the  spindles.  This  pigment  lies, 
like  the  nerve  fibres,  external  to  the  lamellar  palisades,  and  surrounds  them;  then  it 
stretches  into  the  intervals  between  the  palisades,  where  .the  nerve  fibres  ramify, 
and  often  forms  at  the  inner  end  of  the  rods,  where  these  are  separated  from  ti^e 
vitreous  by  a  homogeneous  membrane,  a  compact  mass  filUng  in  the  spaces  between 
the  palisades.  Light  can  penetrate  the  latter,  but  is  shut  out,  by  the  dense  deposit  of 
pigment,  from  the  canals  ooutaining  the  nerve-fibrils,  and  can  only  reach  them  by  a 
roundabout  way  through  the  lamellar  palisades.  (Compare  especially  M.  Schultze, 
A.f.  m.  A,  Bd.  V.  p.  15-18.) 

It  is  evident  that  if  in  the  Vertebrata  nerve  fibres  existed  within  the  outer  segments 
of  rods  and  cones  beneath  the  fine  fibrils  running  on  the  surface,  their  situation  in 
relation  both  to  the  lamellar  substance  and  to  the  pigment  of  the  retina  would  be 
exactly  like  that  of  the  analogous  structures  in  the  retina  of  the  Cephalopods. 
I  In  the  Articulate  animals  the  structure  of  the  retina  is  complicated  in  accordance 
with  that  of  the  eye,  which  is  compounded  of  many  single  eyesw  *  But  here  also  are 
to  be  found  behind  the  refracting  media,  which  are  represented  by  the  cornea,  lens, 
and  vitreous  body,  lamellated  rods^f  which  are  endowed  with  extraordinary  powers 
of  refraction,  and  are  often  of  considerable  length.  These  rods  are  also  surrounded 
by  dark  pigment,  and  are  most  intimately  related  with  nerve-fibrils,  which  proceed 
from  the  opticus  layer  and  terminate  in  or  upon  them.  The  division  into  lamellas  is 
here  often  perceptible  even  with  the  lower  powers,  as  for  instance  in  the  Crab,  for  the 
thinnest  disks,  not  more  than  if*  m  thickness,  are  united  in  groups  which  present  a 
peculiar  appearance,  and  are  recognizable  by  their  color.  The  closer  relations  of  the 
nerve-fibrils  to  the  laminated  rods  is  here  less  exactly  understood  than  in  the 
Mollusks. 

Among  the  Worms,  finally,  there  exists,  at  least  in  the  large-eyed  Alciope,  an  anal- 

*  Semper,  after  a  communication  from  Hensen,  A,  f.  m,  A,^  Bd.  ii  p.  416. 

f  Compare  Babuchin,  Warzb,  nai.  Zeitsehr.  Bd.  v.,  1864,  p.  125;  Hensen,  "TTeber 
das  Auge  einiger  Cephalopoden,"  Zeitscfir.  f.w.  Z.  Bd.-xv.  ;  and  Bronn,  KlasMn  und 
Ordn,  d.  TK  MoUuskm,  Taf.  115 ;  Steinliu,  Beitr,  e.  A,  d.  Bet.  St.  Gallen.  1865-66, 
p.  70.  M.  Schultze,  Af.  m.  A.^  Bd.  v.  p.l.  On  the  retina  of  other  Mollusks,  among 
others,  Babuchin,  Sitzungsb.  d.  Acad,  zu  Wten^  Juni,  1865,  and  Hensen,  A.f.m,A.y 
Bd.  ii.  p.  339,  where  the  entire  literature  is  to  be  found. 

X  Leydig,  Dan  Auge  der  Oliederthiere. 

%  M.  Schultze.  Unterwchungm  uher  die  eummmengesetsstm  Augen  der  ErO&e  und 
InsecUn,  Bonn,  1868. 
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ogy  in  the  formation  of  the  rod-layer  with  the  arrangements  in  the  higher  animaLs. 
^  far  as  oould  be  judged  by  preparations  sent  from  Naples  in  preservatiYe  fluid,  the 
rods,  which  were  first  observed  by  Krohn,  have  the  appearance  of  highly  refractive 
pali^kdes  with  transverse  striations.  They  were  in  part  tubular,  and  plugged  with  pig- 
ment anteriorly,  and  were  easily  broken  in  a  transverse  direction.  It  is  reserved  for 
future  observations  to  explain  in  what  method  the  nerve-fibrils  pass  from  the  optic- 
nerve  layer,  which  lies  posterior  to  the  palisades,  and  terminate  in  the  pigmented 
layer  of  rods. 

Here  also  we  may  mention  that  of  late  manifold  doubts  have  been  expressed  as  to 
the  signification  of  the  rods  and  cones  as  terminal  organs  of  the  optic^nerve  fibres. 
The  fibres  of  the  rods  and  cones  are  said  to  be  of  the  nature  of  connective  tissue, 
and  continuous  with  the  connective-tissue  cells  and  fibres  of  the  internal  layers  of  the 
retina.  This  is  the  opinion  of  W.  Erause  {Membr,  fetiestr.  p.  48),  and  also  in  a  certain 
sense  of  Landolt,  in  speaking  of  the  Amphibia  (A  /.  m.  A,  Bd.  vii.  p.  84).  Li  Frogs, 
Tritons,  and  Sahunanders  the  layer  of  outer  granules,  as  has  been  shown,  is  of  such 
small  extent,  and  contains,  besides  the  fusiform  rod-  and  cone-granules,  only  fibres  so 
short  as  to  be  of  little  use  in  deciding  the  question  in  point.  Besides  this,  Landolt 
admits  that  the  fibres  in  question  may  contain  nerve  fibres  within  them.  The  case  is 
similar  in  Birds  and  Reptiles.  In  Mammalia  and  Man,  to  whom  Elrause^s  statements 
refer,  the  difference  between  fibres  of  the  connective  tissue  and  nerve  fibres  is  so  great, 
and  the  identity  of  rod-  and  cone-fibres  with  nerve  fibres  so  convincing,  according  to  the 
description  given  above,  that  it  would  be  impossible  upon  anatomical  grounds  to  doubt 
tiie  nervous  nature  of  the  rods  and  cones.  Further  researches  must  explain  why,  in  di- 
vision of  the  opticus,  which  was  practised  on  animals  by  W.  Erause,  and  in  certain  cases 
of  atrophy  of  the  optic  nerve  and  ganglion  cells,  the  rods  and  cones  were  found  not  to 
have  undergone  degeneration.  In  any  event  the  fact  of  their  persistence  will  be  unable 
to  overthrow  the  anatomically  and  physiologfically  well-g^rounded  supposition  that  the 
rods  and  cones  represent  the  terminal  organs  of  the  optic-nerve  fibres.  This  opinion 
holds  good  also  on  the  grounds  which  Manz,  in  a  very  meritorious  work  on  the  eye  of 
the  acephalous  abortions,  recently  urged  against  the  nervous  nature  of  the  rods  and 
cones.  The  presence  of  the  latter  in  the  hemicephali  proves  only  that  the  elements 
of  the  external  retinal  layers  may  under  certain  circumstances  be  developed  independ- 
ently of  the  internal  layers ;  and  this,  if  we  consider  the  rods  and  cones  as  nerve- 
ends,  is  in  complete  accordance  with  what  we  find  in  other  nerves,  whose  peripheric 
terminal  organs  may  be  well  developed  while  the  central  organ  is  wanting. 

2.     The  Pigment-Layer  op  the  Ketina. 

7%«  Layer  of  Pigment  CeUsy  which  is  generally  described  as  the  pig- 
mented epithelium  of  the  choroid,  belongs  both  in  a  physiological  and  morpho- 
logical point  of  view  to  the  retina,  although,  so  far  as  is  known,  it  is  in  no 

Pig.  325. 


Fig.  825.  Cells  from  the  pigment  layer  of  the  human  retina,  a,  surface  view, 
cells  united  together;  J,  viewed  from  the  side  with  long  hair-like  processes,  partly 
pigmented,  pf^y  without  pigment ;  6,  a  cell  viewed  also  from  the  side  to  which  outer 
segments  of  the  rods  adhere. 

sense  continuous  with  the  nerve  fibres.  This  layer  is  formed  during  the 
period  of  embiyonic  development  from  the  external  membrane  of  the  prim* 
itive  ocular  vesicle,  which  arises  from  a  protrusion  of  the  embryonic  brain, 
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and  whose  internal  membrane  is  transformed  into  the  remaining  lajers  of 
the  retina.  At  a  later  period  the  rods  and  cones  are  formed  from  the  in- 
ternal membrane  of  the  ocular  vesicle,  .and  project  into  the  pigment  layer. 
Hence  the  well-known  very  intimate  connection  between  the  two  layers. 

The  pigment  cells  are  uniform  six-sided  mosaic  pieces  united  so  as  to 
form  a  membrane,  in  which  the  individual  cells  are  isolable.  The  outer 
portion  of  each  cell,  which  borders  on  the  choroid,  contains  little  or  no  pig- 
ment, and  generally  incloses  the  round  nucleus,  also  in  many  animals  (the 
Frog)  intensely  yeilow  fat-globules.  The  inner  division  of  the  cell  contains 
the  characteristic  granular  coloring  matter,  and  is  prolonged  in  the  form  of 
many  very  perishable  processes  between  the  outer  segments  of  the  rods  and 
cones,  thus  forming  for  the  latter  pigmented  sheaths.  These  sheath-like 
processes  of  the  pigment  cells  are  resolved  into  numberless  fine  threads,  which 
are  often  entirely  colorless,  and  not  unlike  a  forest  of  cilia.  They  extend 
in  Man  at  least  as  far  as  the  division  between  outer  and  inner  segment,  and 
in  many  animals  almost  to  the  limitans  externa.  They  enclose  tightly  the 
rods  and  cones,  but  dissolve  shortly  after  death,  in  consequence  of  which 
the  imion  between  pigment  layer  and  rods  is  no  longer  firm. 

After  the  hardening  of  the  perfectly  fresh  retina  in  perosmic  acid,  the 
outer  segments,  even  in  Man,  adhere  so  closely  to  the  pigment  cells  that 
they  break  off  at  the  point  of  union  with  the  inner  segments,  or  transverse- 
ly in  their  substance,  sooner  than  separate  from  the  cells. 

The  intensity  of  the  pigment  varies,  being  least  in  blond  individuals  and 
greatest  in  the  negro.  Behind  the  macula  lutea  the  color  of  the  pigment 
cells  is  always  somewhat  darker  than  in  the  rest  of  the  retina.  The  retina  of 
the  Albino,  and  such  portions  of  the  retina  of  the  Mammalian  as  contain  a 
strongly  i^eflecting  tapetum,  are  entirely  or  almost  destitute  of  pigment. 
The  hair-like  ciliated  processes,  however,  which  surround  the  rods  like  so 
many  sheaths,  are  well  developed  even  in  these  colorless  cells.* 

The  pigment  granules  themselves,  which  generally  appear  f  to  be  ellipti- 
cal and  rod-like  rather  than  round,  are,  according  to  statements  by  A.  Frisch, 
small  crystals  which,  in  the  fresh  state  and  with  high  powers,  present  to 
view  sharp  angles  and  corners.J  These  crystals  are  placed  with  their  long 
diameters  perpendicular  to  the  sui'face  of  the  retina,  and  therefore  appear 
rod-like  in  form  when  viewed  from  this  direction.  Rosow  and  Frisch  found 
the  longest  ones  to  be  4-5  fi  in  length. 

The  pathological  pigfmentation  of  the  retina,  acoompanied  with  loss  of  vision  and 
final  blindness,  which  is  known  among  ophthalmologists  by  the  name  retinitis  pigmen- 
tosa, is  especially  worthy  of  notice.  In  this  typical  form  of  pigmented  degeneration 
we  probably  have  to  do  with  a  degeneration  of  the  pigmented  epithelium,  at  the 
same  time  with  a  degeneration  of  the  rods  and  cones,  and  a  final  atrophy  of  the  nervons 
elements  of  the  retina  The  granular  pigment,  set  free  by  the  deterioration  of  the  pig- 
mented epithelium,  passes  into  the  other  layers  of  the  retina.  This  is,  of  course, 
only  possible  after  a  preceding  destruction  of  certain  portions  'of  the  rod-  and  cone- 
layer  and  the  limitans  externa,  as  well  aa  of  the  layer  of  external  granules.  Arrived 
in  the  deeper  layers  of  the  retina  the  granular  pigment  f  oUows  the  adventitia  of  the 
blood-vessels,  or,  as  is  probable,  the  perivascular  lymphatic  sheaths.  Here  it  spreads 
about  or  deposits  itself  in  more  distant  localities. 

Inasmuch  as  this  condition  is  either  congenital  or  generally  developed  in  early 
youth,  or  hereditary,  and  especially  remarked  in  the  offspring  of  blood  relations 
(which  is  well  known  to  be  the  occasion  of   congenital  malformations),  everything 

♦  M.  Schultze,  A.  /.  m.  :4.,  Bd.  ii,  Taf.  xiv.  fig.  9,  b. 

{Rosow  in  Graefe's  Aroliiv,  Bd.  ix.  3,  p.  65. 
'*  (restalten  des  Choroidealpigmentes,*'  Siteungsber.  d.  .Acad,  zu   Wien,  1869. 
Juliheft. 
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oombineft  to  mark  it,  or  the  dlq)06ition  to  it,  aa  an  imi>erfect  development  of 
the  outer  membrane  of  the  primittve  ocnlar  yesicle,  which  (see  development  of  the 
retina)  in  transformed  into  the  pigment  epithelium  of  the  retina.  It  is  evident  from 
the  intimate  relations  existing  between  the  pigfment  cells  and  the  rods  and  cones,  that 
any  morbid  process  in  the  former  must  call  for  sympathy  in  the  latter,  and  that  thus 
passing  toward  the  centre  the  other  retinal  layers  will  be  affected.  Accurate  anatom- 
ical examinations  of  this  degenerative  process,  which  has  been  well  studied  with  the 
ophthalmoscope,  are  at  preaent  only  few  in  number.  * 

Besides  this  form  of  pigmentation,  which  is  essentially  fatal  to  the  vision,  there  ap- 
pears to  be  also  a  more  harmless  form.  This  consists  in  the  development  of  stellated 
pigfment  cells  (pigmented  cells  of  the  connective  tissue),  in  the  supporting  tissue,  and 
in  the  adventitia  of  the  vessels,  such  as  often  exists  in  animals— for  instance,  as  ob- 
served by  me  in  the  Ruminants. 

3.  The  Supporting  Connective  Substance  op  the  Retina. 

Nearly  all  the  layers  of  the  retina  are  traversed  by  a  tissue  which  in  many 
places  occupies  a  considerable  space  by  the  side  of  the  nerve-tissue :  this  is 
the  supporting  connective  substance.  It  is  continuous  with  the  connective 
substance  of  the  optic  nerve,f  and  presents  itself  in  the  retina  as  a  frame- 
work of  a  peculiiu:  character,  varying  in  accordance  with  the  difierent 
nervous  elements  which  it  surrounds  in  the  various  layers.  This  connective 
substance  is  nearly  related  in  its  structure  with  that  of  the  brain  and  spinal 
cord,  and,  like  that,  has  received  from  Yirchow  the  name  neuroglia.  We 
describe  it  as  spongy  conriective  substance,  and  distinguish  in  it  the  two 
limiting  membranes,  limitans  interna  and  externa ;  the  radiating  fibres  as 
radial  supporting  fibres,  in  opposition  to  the  radial  nerve  fibres,  and  the 
coarser  and  finer  TietuKjrks  which  unite  the  supporting  fibres,  and  which  from 
their  similarity  to  the  tissue  of  a  sponge  have  given  a  name  to  the  entire 
system.  The  membrana  limitans  interna  (limitans  hyaloidea  of  Henle)  lies 
in  apposition  with  the  surface  of  the  vitreous  body,  and  often  closely  attached 
to  it ;  the  limitans  externa  separates  the  layer  of  outer  granules  from  the 
rods  and  cones ;  and  stretched  out  between  these  two  stand  in  great  numbers 
the  radial  supporting  fibres,  like  columns  extending  from  floor  to  ceiling. 

The  radial  fibres,  however,  represent  but  a  portion  of  the  connective  sub- 
stance of  the  retina,  since  in  all  the  layers  they  communicate  by  lateral  process- 
es and  branches  with  the  spongy  tissue  lying  between  them ;  and  fix>m  this  they 
are  distinguishable  only  by  their  greater  re8i3tance,  which  renders  it  possible 
to  isolate  them  while  the  fine  spongy  network  is  either  destroyed  or  torn. 
Thus  larger  or  smaller  shreds  of  the  spongy  tissue,  or  at  least  of  the  lateral 
processes,  always  remain  adherent  to  the  radial  fibres,  and  give  to  them, 
when  isolated,  their  characteristic  rough  contour.  This  network,  like 
that  of  a  sponge,  consists  not  only  of  fibres  but  also  of  membranous  sheets, 
which  form  sockets  and  sheaths  for  the  nervous  elements,  and  vary  in 
thickness  according  to  the  different  layers  of  the  retina,  containing  large 
interstices  for  the  reception  of  the  ganglion  cells,  smaller  ones  for  the 
internal  granules,  and  the  finest  for  the  nerve  fibres  of  the  two  molecular 
layers.  J     In  the  last-mentioned  layers  the  radial  fibres  are  often  CD^irely 

"  Donders  in  Graefe^s  Archiv^  Bd.  iii.,  p.  139.  Schweigger-Seidel,  idem^  Bd.  v.  1, 
p.  06.  Leber,  idem,  Bd.  xv.,  1860,  8,  p.  1.  An  excellent  ophthalmoscopic  drawing 
in  liiebreich^s  Atias^  Tal  vi  fig.  1.  Ivanoff  observed  a  deposit  of  pigment  alon^  the 
zadial  fibres  (Graefe*s  Arehiv,  Bd.  xi.  1,  p.  153). 

1  Compare  Klebs,  Virchow's  Arehiv^  Bd.  xix.  p.  821. 
In  answer  to  opposing  views,  especially  with  regard  to  the  structure  of  the  spoigy 
tissue  of  the  molecular  layers  (oomp.  Henle  and  Merkel  in  ZeitscHr.  /.  rat.  Med., 
Bd.  xxxiv.  1860,  p.  51),  I  could  only  repeat  what  I  said  in  my  ^^Untersuchungen 
i&ber  den  Bau  der  Nasenschleimhaut,^'  Halle,  1862,  p.  20.  I  willingly  admit  that 
our  methods  and  lens-systems  are  still  too  in^>erfect  for  the  resolution  of  the  mole 
53 
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Fig.  326.  lost  in    the   spongy  tissue,  so  that 

many  of  them,  which  may  be  followed 
from  the  limitans  interna  through 
various  layers,  terminate*  in  the  ex- 
ternal molecular  layer,  for  instance, 
and  therefore  never  reach  the  layer  of 
external  granules.  On  the  other  hand 
many  of  the  radial  fibres  which  may 
be  traced  f  through  the  external  layers 
disappear  in  the  network  of  the  in- 
ternal molecular  layer,  and  finally 
there  are  radial  supporting  fibres 
which  reach  neither  of  the  two  limit- 
ing membranes. 

The  radial  fibres  are  most  constant 
in  the  layer  of  inner  granules.  In 
this  locality  also  they  generally  con- 
tain in  their  substance  homogeneous 
oval  nuclei  with  distinct  nucleoli ;  of 
granuLir  protoplasm  about  the  nu- 
cleus no  trace  is  to  be  seen.  These 
nucleated  spaces  in  the  radial  sup- 
porting fibres  represent  the  above- 
mentioned  second  form  of  inner  gran- 
ules. The  supporting  fibres  traverse 
very  regularly  the  layer  of  opticus 
fibres,  to  take  part  in  the  formation 
of  the  limitans  interna.  Here  the 
radial  fibres  stand  for  the  most  part 
in  rows  corresponding  to  the  arrange- 
ment of  the  nerve  fibres  and  their 
disposition  in  bundles.  J  They  then 
pass  into  flattened  conical  expansions, 
either  directly  or  after  previous  sub- 
division, like  roots  from  the  trunk  of 
a  tree,  reuniting  in  several  such  ter- 
minal expansions,§  all  of  which  finally 
join  to  form  ||  a  smooth  membrane  on 
the  surface  of  the  vitreous  body, 
namely,  the  membrana  limitans  in- 
terna. In  many  places  the  membi-a- 
nous  union  of  the  radial  fibres  is  want- 
ing, in    which    case     the    intervals 

Fig.  326.  Diagrammatic  repreflentation  of  the  connectiye  aubstanoe  of  the  retina, 
corresponding  to  its  axrangement  in  the  vicinity  of  the  ora  serrata.  1,  Limitans  in- 
terna :  8,  region  of  the  ganglion  cells  ;  4,  internal  molecular  layer ;  5,  layer  of  internal 
granules;  6,  external  molecular  layer ;  7,  layer  of  ext.  granules ;  8,  limitans  externa, 
beyond  which  project  the  fibrils  which  surround  the  bases  of  the  rods  and  conea    x  800. 

cular  substance  of  the  cortex  of  the  brain  ;  but  with  the  observance  of  every  cantion, 
and  the  use  of  the  best  immersion  lenses,  the  spongy  substance  of  the  retina,  even 
In  the  molecular  layers,  is  clearly  to  be  recognized  as  a  network. 
♦  M.  Schultze,  A.f.m.  A,,  Taf.  xiv.  fig.  6,  86,  8c,  10b. 

tidem,  Taf.  xi.  fig.  18. 
Kolliker,  Oewebekhre,  Aufl.  5,  p.  680,  fig.  488. 
M.  Schultze,  Di  ret.  at.  pen.  ^  %.  8. 
Schelske  in  Virchow's  ArehiVy  Bd.  xxviii.  p.  482. 
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between  the  terminal  expansions  are  filled  with  a  fine  fibrous  network,  and 
the  course  of  the  limitans  is  interrupted  after  the  manner  of  filigree-work. 
Such  a  picture  is  presented  in  surface-views  of  this  membrane  in  the  Rabbit. 
At  the  macula  lutea,  where  the  opticus  fibres  do  not  exist  as  a  distinct  layer, 
and  the  ganglion  cells  are  situated  at  the  inner  surface  of  the  retina,  the 
union  of  the  thicker  radial  fibres  at  the  limitans  interna  does  not  take  pkce. 
At  this  particularly  delicate  portion  of  the  retina,  the  radial  fibres  them- 
Belves  are  veiy  scarce.  The  limitans  interna,  however,  is  by  no  means  want- 
ing at  this  point ;  on  the  contrary,  it  exists  as  a  separable  membrane,  and  is 
very  resistant.  As  in  the  other  portions  of  the  retina,  it  appears  to  be  a 
denser  membranous  portion  of  the  connective-tissue  framework;  but  it 
may  be  separated  from  the  subjacent  spongy  substance  which  surrounds 
the  ganglion  cells  more  easily,  on  account  of  the  greater  difierence  in  con- 
sistency. The  limitans  interna  is  at  the  macula  also  plainly  rough  on  its 
external  surface,  from  the  numberless  remains  of  detached  fibres,  thus  be- 
traying its  union  with  the  subjacent  connective  substance.  These  shreds, 
however,  present  an  appearance  quite  different  from  the  arrangement  in 
rows,  such  as  is  displayed  by  the  ends  of  the  radial  fibres  in  the  more  peri- 
pheral portions  of  the  retina. 

In  regard  to  the  membrana  limitans  interna  there  prevail  certain  difier- 
ences  of  opinion,  which,  as  I  believe,  depend  upon  the  varying  thickness  and 
consistency  of  this  membrane  in  different  parts  of  the  human  retina,  and  in 
the  i-etinse  of  different  animals,  and  also  upon  its  frequent  attachment  to  the 
vitreous  body.  Kolliker  *  calls  attention  to  the  gi*eat  weakness  and  perish- 
ability of  the  radial  fibres  in  comparison  with  the  durability  of  the  limitans 
as  bemg  an  argument  against  a  relationship  between  the  two,  and  therefore 
regards  the  limitans  interna  as  an  independent  formation  to  be  reckoned 
among  the  vitreous  membranes.  On  the  other  hand  it  may  be  mentioned, 
that  even  the  vitreous  membranes,  like  the  elastica  anterior  of  the  cornea, 
or  the  inner  vitreous  membrane  of  the  choroid,  are  attached  to  the  subja- 
cent tissue  and  arise  with  or  from  it,  but  nevertheless  possess  essential  dif- 
ferences in  their  behavior  toward  solvent  reagents.  I  am  unable  to  find  a 
membrana  limitans  interna  different  from  that  desciibed  above ;  and  while 
I  place  pai*ticular  stress  on  its  intimate  relations  with  the  reticular  frame- 
work or  spongy  connective  substance,  I  fully  recognize  the  separability  of 
the  limitans,  and  the  difference  in  consistency  between  it  and  its  subjacent 
tissue,  especially  at  the  yellow  spot.  Henle  also  considers  the  limitans 
interna  to  be  an  independent  membrane,  to  whose  outer  surface  the  radial 
fibres  are  applied  f  through  the  medium  of  their  terminal  expansions.  He 
calls  it,  however,  limitans  hyaloidea,  in  order  to  indicate  that  the  special 
membrane  of  the  vitreous  described  by  many  authors  is  identical  with  the 
limitans.  The  conditions  of  hypertrophy  of  the  connective  substance  with 
atrophy  of  the  nervous  elements  of  the  retina  are  very  instructive  in  dis- 
playing the  connection  between  the  radial  fibres  and  the  limitans  interna,  as 
in  a  case  described  by  Iwanoft',J  where  the  hypertrophy  of  the  radial  fibres 
caused  circumscribed  protuberances  reaching  into  the  vitreous. 

The  limitans  externa  is  not  to  be  considered  as  an  isolable  membrane.  It 
consists,  exactly  like  the  interna,  of  a  membranous  expansion  of  the  radial 
fibres.  Where  these  do  not  exist  as  isolable  fibres  in  the  layer  of  external 
granules,  it  is  derived  from  the  connective  substance  surrounding  the  exter- 
nal granules  and  their  nerve  fibres.     This  connective  substance  is  nowhere 

^  Oevoebdefire,  5  Aufl.  p.  681.  f  MngeweidMirey  p.  658. 

t  Graefe^B  AreMv,  Bd.  xi.  Abth.  1,  p.  141,  Tat  iii  and  iv. 
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absent,*  not  even  at  the  yellow  spot,  where  it  was  unrecognized  by  the  side 
of  the  long  cone-fibres  until  Merkel  pointed  it  outf  in  the  form  of  delicate 
sheaths  surrounding  these  fibres. 

Where,  as  in  Birds,  the  passage  of  the  radial  fibres  from  the  inner  to  the 
outer  granule-layer  is  easy  to  observe,  these  fibres  are  seen  to  divide  and 
form  membranous  capsules  about  the  external  granules  and  their  nervous 
fibres.  If,  after  moderate  hardening  of  a  small  piece  of  retina,  the  granules, 
and  with  them  the  rods  and  cones,  are  separated  by  agitating  the  prepara- 
tion, the  tissue  of  the  framework  alone  remains,  and  presents  a  system 
of  sheaths,  which  can  be  in  some  degree  understood  only  by  the  use  of 
very  high  magnifying  powers.  The  sheaths  themselves  show  a  fine  parallel 
striation,  the  indication  of  a  fibrillar  composition,  and  although  contri- 
buting to  the  formation  of  the  membrana  limitans  externa,  they  do  not 
terminate  there.  For  beyond  this  point  project  a  countless  number  of  fine 
rigid  fibrils  (fig.  326,  8)  which  are  arranged  in  circles,  and  form  the  fibrillar 
framework  out  of  which  the  cones  fall  as  described  above.  It  appean 
exactly  as  if  these  fibrillsa  were  continuous  with  the  fibrous  sheaths  whidi 
surround  the  external  granules.^  What  I  formerly  {A,f.  m.  A.y  Bd.  ii 
Taf.  xi.  fig.  13)  pictured  as  continuations  of  the  connective-tissue  sheaths 
of  the  external  granule-layer  in  the  Chicken,  were  evidently  fragments  of 
these  fibrillar  frameworks :  these  are  described  by  W.  Elrause  under  the 
name  of  ''  needles,"  §  and  are  considered  by  him  as  constant  elements  of  the 
layer  of  rods  and  cones.  In  this  connection  should  be  mentioned  Iwanoffs 
drawing  of  a  Human  retina,  macerated  by  suppurative  inflammation  (Graefe^s 
Archiv,  Bd.  xv.  2,  Taf.  ii.  fig.  2),  in  which  the  nervous  elements  were 
almost  entirely  destroyed,  and  only  the  connective  framework  remained. 

These  fibrillar  frameworks,  which  may  be  isolated  in  the  above-mentioned 
way,  appear  to  exist  in  all  vertebrate  animals  as  well  as  in  man.  How  iu 
they  are  identical  with  those  which  are  continued  over  the  surface  of  the 
outer  segments,  must  be  determined  by  future  researches.! 

Besides  the  nuclei  oocarring  in  the  radiid  fibres  within  the  inner  gxannle-layer,  nu- 
clei are  also  to  be  found  in  the  connectiye-tissue  framework  of  other  layers,  althotigh 
for  the  most  part  in  small  numbers,  for  instance  in  the  molecular  layers.lf  These  in- 
crease in  importance  in  such  pathologfical  processes  as  go  hand  in  hand  with  a  pro- 
liferation of  the  cells  of  the  connectiye  substance.  Although  the  statements  with 
regard  to  the  proliferation  of  these  cells  by  division  must  be  accepted  with  caution, 
stfil  it  may  be  considered  as  well  established,  that  under  certain  circumstances  a  fine 
or  coarsely  granular  protoplasm  collects  about  the  pale,  oval  nuclei  of  the  connectiTC  sub- 
stance, and  that  the  number  of  the  latter  may  become  very  much  greater  than  in  the 
normal  state.  The  fatty  metamorphosis  of  the  retina,  moreover,  does  not  restrict 
itself  to  the  vicinity  of  the  nuclei  of  the  connective  substance,  but  may,  as  in  Mor- 
bus Brightii,  for  example,  appear  in  the  form  of  fine  rows  of  granules,  throughoat 
the  whole  length  of  the  radial  fibres,  especially  in  the  inner  retinal  layers,  so  that  one 
might  suppose  these  fibres  to  be  hollow.  In  the  layer  of  outer  granules,  also,  I  have 
observed  cells  which  have  undergone  fatty  degeneration,  and  which  from  the  nature 
of  their  nuclei  I  have  been  obliged  to  consider  as  elements  of  the  connective  sab- 
stance  :  so  that  however  crowded  the  nervous  cells  may  be  in  the  layer  of  external 
granules,  we  cannot  deny  that  nuclei  of  the  connective  substance  may  also  be 
present  even  in  the  normal  state.    This  is  important  in  its  bearing  on  the  fiist  devel- 

*  W.  Krause^s  Widerapntch,  Memhr.  feneatr.^  p.  19. 

4-  Macula  luteay  de. ,  p.  7. 

I  Compare  the  drawing,  A.f.  m.  A.,  Bd.  v.  Tal  xxii  fig.  4. 

§  Membr.  fenestr.,  p,  6,  Taf.  I  figs.  6  and  7. 

I  In  a  treatise  which  appeared  in  Arohivf,  ndkr.  Anat.,  Bd.  vii  p.  81,  E.  LandoK 
expresses  the  opinion,  based  upon  examinations  of  the  retinse  of  Amphibia,  that  the 
outer  segments  of  the  rods  and  cones  are  encloi*ed  in  sheaths  derived  from  the  con- 
nective-tissue framework. 

1  Compare,  among  others,  Nagel  in  Graefe's  Arehiv^  Bd.  vi,  p.  218. 
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opment  of  certain  retinal  tumors,  which  received  from  Yirchow  the  name  Glio- 
mata,*  indicating  that  an  essential  element  of  them  corresponded  with  the  spongy  con- 
nective substance  (neuroglia),  and  of  which  it  has  been  affirmed  that  they  may  take 
their  origin  also  from  the  layer  of  outer  granules,  f 

We  are  indebted  to  H.  MtlUer  for  information  regarding  certain  smooth,  stellate, 
and  anastomosing  cells,  which  are  to  be  found  in  the  Perch  and  Bull  Head  (Ascerina 
oomoa),  situated  ^  in  a  double  row  just  interior  to  the  external  molecular  layer,  and 
which  certainly  are  not  ganglion  cells.  Similar  cells  have  been  found  in  many  other 
animals,  although  not  so  easily  isolable,  and  present  in  their  highest  development  a 
distinct  layer,  lying  just  within  the  external  molecular  layer,  'to  which  I  have  given 
the  name '^stratum  intergranuloeum  fenestratum.'*  g  The  substance  of  this  nucle- 
ated and  anastomosing  layer,  which  presents  the  appearance  of  a  membrane  perforated 
with  a  saddler^s  pund^,  oft^  has  the  structure  of  a  reticular  (Plagistomen)  or  fibril- 
iated  connective  substance  (Perca  |)^  and,  as  I  have  shown,  often  connects  directly 
with  the  radial  connective  fibres.  In  the  Perca  Fluviatalis  I  find  this  fenestrated 
intergranular  layer  to  be  formed  of  three  distinct  layers.  The  middle  is  occupied 
by  the  flat  stellated  cells,  which  anastomose  freely,  and  whose  processes  are  as  exten- 
sive as  the  cells  themselves,  so  that  this  layer  resembles  rather  a  network  of  broad 
nucleated  fibrea  These  are  bounded  on  one  side  by  a  plexus  of  thin  fibres  similar 
to  the  elastic  fibres,  which  ramify  and  interlace  in  such  a  manner  as  to  form  a  single 
stratum  of  loose  areolar  tissue.  On  the  other  side  lies  what  appears  to  be  a  thin 
sheet  of  finely  granular  substance  of  great  delicacy,  interspersed  with  round  nuclei 
and  circular  holes. 

W.  Krause  has  lately  described  ^  the  external  molecular  layer  in  Man  and  the  lower 
animals  as  composed  of  a  layer  of  flat  cells  with  considerable  lateral  expansion. 
These  cells,  which  anastomose  through  their  processes  so  as  to  form  a  fenestrated 
membrane,  are  also  said  to  be  continuous  with  the  rods  and  cones,  since  the  terminal 
expansions  of  the  rod-  and  cone-fibres  connect  with  the  substance  of  the  cells  or  their 
processes.  On  the  other  hand,  the  radial  fibres  also  which  commence  at  the  limitans 
interna,  terminate  in  this  fenestrated  membrane  and  never  reach  the  limitans  ex- 
terna. The  interstices,  however,  of  the  membrana  f  enestrata  are  occupied  by  pecu- 
liar inner  granules,  which,  according  to  Krause,  are  the  terminal  cells  of  the  opticus 
fibres ;  witii  these  the  rods  and  cones  cannot  be  continuous,  connecting  as  they  do, 
by  means  of  their  fibres,  with  the  fenestrated  membrane  which  appertains  to  the  con- 
nective substance.  With  these  views  I  cannot  reconcile  the  results  of  my  own  re- 
rearohes. 

Finally  the  blood-vessels  of  the  retina  must  be  reckoned  as  a  part  of  its  connective 
substance.  These,  in  Man,  extend  through  all  the  inner  layers  as  far  as  the  external 
molecular  layer,  in  all  parts  of  the  retina  except  at  the  fovea  centralis.  The  connec- 
tion of  the  external  walls  of  the  vessels  with  the  reticular  connective  substance  takes 
place  in  a  similar  manner  as  in  the  lymph-  and  lymphoid-glands.  Probably  there  ex- 
ist here,  as  His  **  suspected,  perivascular  lymph-spaces.  The  course  of  the  vessels 
wiU  be  described  in  another  place. 

4.    Macula  Lutea  and  Fovea  Centralis. 

The  elements  of  the  retina  thus  far  described  sufiTer  an  essential  change 
in  their  form  and  arrangement  at  the  point  where  in  Man  and  Apes  the 
yellow  spot  and  central  fossa  are  situated.  Not  far  from  the  prolongation 
of  the  optical  axis,  and  a  little  to  one  side  of  the  nerve-entrance,  an  intense 
yellow  coloring  matter  is  deposited  between  the  elements  of  the  various 
layers,  with  the  exception  of  the  rods  and  cones  and  external  granules. 

•  Voiiesungen  uher  GeschwulsU,  Bd.  ii  p.  158. 

t  Compare  Iwanoff  in  Graefe^s  Archiv,  Bd.  xv.  2,  p.  84.  Iwanoff  here  evidently 
goes  too  far,  when  he  affirms  that  glioma  cannot  take  its  orig^  in  the  layer  of  exter- 
nal granules,  since  neuroglia,  or  spongy  connective  substance,  is  doubtless  present  in 
this  layer,  as  I  have  demonstrated  in  I)e  ret.  struct,  pen.  1859. 

1  ZeUachr.f.  w.  Z,  Bd.  viii  p.  17. 

§  Beret,  etr.  pen.  p.  18,  fig.  5,/,  fig.  6. 

I  M.  Schttltze,  A.f,  m.  A.,  Bd.  ii.  p.  269. 

T  Die  Membrana  f enestrata  der  Retina.    Leipzig,  1868,  p.  7-19. 

••   Verhandl  d,  Ifat.  Gee,  m  Basel,  Bd.  iv.  3,  p.  256. 
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The  centre  of  the  yellow  spot  is  excavated  on  its  anterior  surface,  or  tbe 
surface  towards  the  vitreous,  so  as  to  form  the  fovea  centralis.  The  coloring 
matter,  which  at  this  point  is  most  intense,  fades  gradually  tiway  at  the  bor- 
ders of  the  yellow  spot.  It  does  not  possess  a  granular  structure,  but  is 
couipletely  hyaline,  and  therefore  interferes  with  the  transpai'ency  of  the  retr 
ina  at  this  place  only  in  so  far  as  it  absorbs  a  considerable  portion  of  the 
violet  and  blue  rays  before  they  reach  the  cone-layer.*  With  the  help  of 
Browning's  spectnd  apparatus  I  have  very  distinctly  recognized  under  the 
microscope  a  shortening  of  the  violet  end  of  the  spectrum,  but  I  have  not 
been  able  to  perceive  special  absorption  striss.  According  to  Huschke  f  the 
intensity  of  the  color  of  the  yellow  spot  varies,  and  is  found  to  be  lighter 
in  blue-eyed  persons  than  in  persons  with  brown  eyes. 

The  retina  at  the  yellow  spot,  with  the  exception  of  course  of  the  fovea 
centralis,  is  thicker  than  in  its  vicinity,  but  is  also  softer  and  more  disposed 
to  post-mortem  changes.  Probably  the  fact  that  very  shortly  after  death 
this  portion  of  the  retina  wiinkles  up  so  as  to  form  the  so-called  plica  cen- 
tralis, may  be  explained  by  its  disposition  to  swell  by  imbibition.  It  is 
well  known  that  the  thin  centre  of  the  yellow  spot  is  easily  torn  through, 
and  then  appears  as  a  deficiency  in  its  substance  (foramen  centrale).  Tlie 
fragile  and  transitory  nature  of  the  substance  of  the  yellow  spot  is  explam- 
ed  by  the  circumstance  that  the  more  delicate  nervous  elements  here  greatly 
outniunber  the  elements  of  the  connective  substance,  which  in  othei*  por- 
tions of  the  retina  occupy  a  much  more  considerable  space.  For  the  ner- 
vous elements  are  crowded  together  at  the  macula  lutea  in  a  manner  corre- 
sponding with  its  importance  as  the  most  sensitive  portion  of  the  retina. 
The  layer  of  the  ganglion  cells  seems  to  be  the  one  which  thus  increases 
most  in  thickness;  also  the  inner  division  of  the  layer  of  external  granules, 
wliich  Henle  calls  the  external  fibrous  layer.  On  the  other  hand  a  continu- 
ous layer  of  nerve  fibres  beneath  the  limitans  interna  does  not  exist.  In  the 
percipient  layer  the  rods  diminish  in  number  even  at  the  periphery  of  the 
macula,  and  finally  disappear  altogether,  their  place  being  taken  by  the 
cones.  The  cones,  however,  which  stand  closely  packed  together,  gradually 
diminish  in  thickness  as  they  approach  the  fovea  centralis,  until  at  thu 
point  they  are  no  thicker  than  the  rods.  As  a  consequence  of  this  a  much 
larger  number  of  cones  are  to  be  found  at  the  fovea  than  within  an  equal 
area  in  other  parts  of  the  retina.  The  thickness  of  the  cone-fibres,  how- 
ever, which  traverse  the  layer  of  exteiiial  granules,  is  but  little  less  at  the 
fovea  centralis  than  at  the  peripheral  portions  of  the  retina.  The  thin 
cones  of  the  fovea  therefore,  like  the  thicker  ones  of  the  periphery,  are  con- 
tinuous with  a  like  number  of  primitive  nerve-fibiils. 

The  arrangement  of  the  cones  of  the  yellow  spot  is  wonderfully  regular. 
They  stand  in  curved  lines  J  which  converge  towards  the  centre  of  the  yellow 
spot,  so  as  to  form  a  design  similar  to  that  seen  on  the  back  of  many  watch- 
es. This  arrangement,  prophesied  by  Hensen  §  on  physiological  grounds,  is 
developed  with  complete  regularity  so  long  as  the  cones  diminish  in  diame- 
ter in  passing  from  the  periphery  of  the  macula  to  the  edge  of  the  fovea. 
A  more  uncertain  circular  arrangement  takes  place  at  the  fovea  itself,  where 
in  a  circle  of  about  0.2  mm.  in  diameter  all  the  cones  are  of  equal  thicknesa 

*  According  to  Preyer  (Pflflger's  Archin^  Bd.  i.  p.  299),  the  first  suggestions  rela- 
tive to  this  Bubjeot  were  made  by  Maxwell.  Compare  also  M.  Scholtze,  cTt^c^dRTti^ 
hen  Fleck  der  Retina,  Bonn,  1866. 

4  Eingeweidelehre  in  Sommering^s  Anatomie^  p.  727. 

1  M.  Schultze,  A.f.  m.  A,  Bd.  ii.  Taf.  xii. 

§  Virchow's  Arch*v,  Bd.  xzxv.  p.  403. 
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As  the  thickness  of  the  cones  diminishes  in  the  approach  to  the  fovea, 
their  length  increases.  Their  external  segments,  which  in  the  more  periph- 
eral parts  of  the  retina  are  hidden  between  the  rods,  become  at  the  yel- 
low spot  as  long  as  the  external  segments  of  the  rods,  gradually  pushing 
the  latter  aside  and  finally  surpassing  them  in  length ;  this  is  especially  the 
case  if  at  the  fovea  the  other  retinal  layers  recede  somewhat  toward  the  vit- 
reous in  order  to  make  room  for  the  elongated  cones.*  In  one  such  case  I 
found  the  longest  cone  to  be  over  100  /ji  in  length.  H.  M tiller  and  Hulke 
also  found  the  cones  of  the  fovea  to  be  longer  than  those  of  the  other  portions 
of  the  macula.f  The  thinnest  cones  of  the  fovea  average  at  the  base  3  /i  in 
diameter.  These  are  distributed  in  a  circular  area  of  nearly  200  /a  in  diameter, 
which  corresponds  to  the  diameter  of  the  fovea  centralis,  if  we  estimate  this 
according  to  the  space  occupied  by  the  smallest  percipient  elements.  In  this 
space  I  have  cotmted  in  several  diameters,  in  perfectly  fresh  Human  retina,  fif- 
teen cones  all  equally  thick.  According  to  this  reckoning  each  cone  would  have 
been  about  4  /x  in  diameter.  But  we  must  deduct  the  narrow  intervals  which 
exist  between  the  cones.  In  hardened  preparations  the  measurements  of 
isolated  cones  are  often  under  3  /n ;  Henle  found  them  to  be  only  2  fi  in  al- 
coholic preparations  ;  Welcker,  to  whom  we  are  indebted  for  exact  measure- 
ments of  the  perfectly  fresh  retina  of  an  executed  criminal,  gave  the  thick- 
ness of  the  cones  at  the  fovea  as  between  3. 1  and  3.6  /a;  averaging,  therefore, 
3.3  fjL.l  The  long  conical  outer  segments  diminish  in  size  towards  the  cho- 
roid to  1  /x  and  less.  These  are  suiTounded  by  the  sheaths  of  the  cells  of  the 
pigment  layer,  which  at  the  macula  lutea  are  generally  darker  than  in  the 
vicinity,  and  project  as  far  as  the  unpigmented  external  portions  of  these 
cells.  Hence  one  may  see  in  the  perfectly  fresh  Human  macula,  covered 
by  the  unchanged  pigment  cells,  the  natural  ends  of  the  cones  like  light 
spots,  surrounded  with  dark  coloring  matter,  as  I  have  observed  it  in  animals, 
especially  in  Birds,  and  as  I  have  represented  by  a  diagrammatic  drawing  in 
an  earlier  work.  8 

In  regard  to  the  size  of  the  external  granules  and  thickness  of  the  cone- 
fibres,  no  important  diflference  is  to  be  remarked  between  this  portion 
of  the  macula  lutea  and  the  more  peripheral  portions.  But  the  course 
of  the  cone-fibres  pi-esents  essential  differences.  As  has  been  known  since 
Bergmann's  first  observations  on  this  subject,  the  fibres  of  the  external 
granule-layer,  or  leather  its  inner  division  which  contains  no  cells  but  only 
free  fibres,  here  deviate  from  the  radial  to  take  a  diagonal  course.  This 
change  in  arrangement  commences  even  beyond  the  limits  of  the  yellow 
spot,  and  becomes  more  and  more  marked  as  we  approach  the  fovea,  and 
the  affected  layer  increases  in  thickness ;  at  some  points  the  fibres  run  even 
parallel  to  the  retinal  surface.  The  fibres  of  the  rods  and  cones,  and  finally 
the  cone-fibres  alone,  bend  in  lines,  which  if  continued  backwards  would 
unite  in  the  fovea  or  in  a  prolongation  of  the  optical  axis  passing  through 
the  fovea ;  thus  they  do  not,  like  the  more  peripheral  fibres  of  the  layer  ot 
external  granules,  reach  the  external  molecular  layer  by  the  shortest  possi- 
ble way.  As  a  consequence  of  the  necessary  gradual  lengthening  of  the 
cone-fibres,  there  exists  in  a  certain  ai-ea  about  the  fovea  a  layer  of  hoi'izon- 
tal  cone-fibres,  whose  beginnings  and  ends  are  indeed  radial,  but  which  in  a 

•  M.  Schultze,  A.f.  m.  A.,  Bd.  11.  p.  227,  Taf.  xiii  fig.  1. 

I  Hnlke,  Phiht,  Transact,,  1857,  p.  110. 

X  ZeUschr.  fur  rat,  Medicin^  Bd.  xx.  1863,  p.  176.  Other  measuremente  may  be 
oompiured:  M.  Schultze,  in  Belchert  and  Da  Bois-Beymond^s  ArcfUty  1861,  p.  784,  and 
H.  Mttller  in  d,  Wursb.  nat.  ZeiUchr,,  Bd.  il  1861,  p.  219. 

8  A/,  m.  A,  Bd.  ii  Taf.  xlL  fig.  1. 
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Pig.  827. 


certain  plane  spread  out  like  radii 
from  the  centi*al  fovea.*      This 
airangement  finds  its  explanation 
in  the  very  existence  of  the  fovea. 
Here  all  the  layei-s  of  the  retina^ 
excepting  those  of  the  cones  and 
external  granules,  are  reduced  to 
a  minimum.     The  cone-fibres  of 
this  region,  in  order  to  form  their 
connections,  must  radiate  in  ail 
directions ;  they  must  find  out- 
side of  the  fovea  the  inner  gran- 
ules, internal   molecular   sub- 
stance, and  ganglion  cells  which 
appertain    to   them.      But   here 
come  masses  of  new  cone-fibres 
from    the    uninterrupted     cone- 
layer,  seeking  also   to  establish 
their  communications.     And  al- 
though the  layer  of  ganglion  cells 
is  considerably  thickened  at  the 
macula  lutea,  this  is  not  the  case 
with  the  layer  of  inner  granules. 
The  fibres  therefore  crowd  away 
from  the  yellow  spot  until,   ar- 
lived  at  a  point  beyond  its  limits, 
they  reassimie  the  simple  radial 
course,  which  is  the  rule  in  the 
other  portions  of  the  Human  re- 
tina as  well  as  in  the  i-etinse  of 
the  lower  animals,  where  no  fovea 
centralis   exists.      The  diagonal 
course  of  the  fibres  may  also  ex- 
tend to  the  nerve  fibres  of  the 
layer  of  inner  gi*anules,  as  was 
observed  by  Hulke.     In  sections 
through   the    macula    lutea   and 
fovea  centralis  I  found  a  diagonal 
course  of  the  rod-  and  cone-fibres 
existing  in  a  space  2  mm.  wide 
in   the    horizontal   meridian    on 
each  side  of  the  fovea;   in   the 

Fig.  827.  Diagrammatic  section 
through  the  macula  lutea  and  fovea 
centralis  of  the  Human  retina,  x  110 ; 
2,  opticus  fibres;  8,  ganglion  cells; 
4.  internal  molecular  layer  ;  5,  layer 
of  internal  granules;  6,  ezteixial 
molecular  layer;  7  a,  external  fibrous 
layer ;  7,  layer  of  external  granules ; 
9,  rods  and  cones ;  10,  pigment  layer. 

♦  Merkel,  L  o.  fig.  xi.,  Taf.  L 
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I 
vei'tical  meridian,  however,  only  1.5  mm.  wide.  According  to  the  state- 
ments of  Rud.  Schirmer,  the  ophthahnoscopic  picture  of  the  macula  in  the 
healthy  eye  always  appears  as  an  oblique  oval,  so  that  its  horizontal  diameter 
is  to  the  vertical  as  4 :  3.* 

The  ganglion  cells  of  the  yellow  spot  are  for  the  most  part  bipolar,  as  has 
been  remarked  by  various  observers,  and  recently  by  Merkel. 

The  connective  substance  at  the  macula  is,  as  has  already  been  observed, 
peculiarly  delicate,  and  dispenses  with  the  thicker  radial  fibres.  The  mem- 
brana  limitans  interna,  on  the  other  hand,  becomes  a  boundary  of  considera- 
ble solidity.  It  attains,  according  to  Merkel,  a  thickness  of  3  fi,  but  at  the 
fovea  centralis  becomes  mai-kedly  thinner  again.  It  is  veiy  easily  detached 
from  the  delicate  spongy  connective  substance  which  lies  between  the  gan- 
glion cells  (compare  above  page  835). 

Among  Mammalia  a  macula  lutea  with  a  fovea  centralis  oooun  only  in  the  Apes,  and 
here  the  stnictore  corresponds  essentially  with  that  in  Man.f  Bemak  and  H.  Miiller} 
have  made  some  observations  with  regard  to  an  area  centralis^  similar  to  the  yellow 
spot  in  stmcture,  existing  in  several  of  the  Mammalia,  but  accurate  information  on 
this  point  is  wanting.  H.  Mi\ller  g  discovered  in  the  retina  of  certain  Birds  not  only 
one  but  two  f oesse,  quite  distant  from  one  another,  but  failed  to  make  any  observa- 
tions with  r^^rd  to  the  percipient  elements  found  at  these  points.  According  to  my 
researches,  the  percipient  elements  of  the  two  central  fossfs  in  the  retina  of  the  Fal- 
con are  cones ;  these  cones  are  thinner  than  those  in  the  vicinity,  and  are  provided 
only  with  yellow  globules,  and  not  with  red  ones  also,  as  are  the  cones  of  the  other 
portions  of  the  Bird^s  retina;  no  rods  are  to  be  found  between  the  cones. |  The  ret- 
ina of  the  Chameleon  possesses  a  well-developed  fovea,  on  the  minute  structure  of 
which  we  have  exact  reports  from  H.  Muller^f  and  Hulke.**  In  the  percipient  layer 
of  the  entire  retiaa  of  the  Chameleon  cones  only  are  found,  as  appears  to  be  the  rule 
with  Reptiles.  These  are,  however,  at  the  fovea,  only  a  fifth  as  large  as  in  the  per- 
ipheral regions,  and  at  the  same  time  much  longer,  so  that  the  line  of  the  limitans 
externa  here  recedes  from  the  choroid,  just  as  I  have  represented  it  in  Man.  To  these 
cones  are  attached  cone-fibres  running  obliquely  as  in  Man.  But  while  in  Man  the 
connective  substance  of  the  external  granule-  and  cone-fibre  layer  follows  these  fibres, 
H.  MQller  observes  in  the  Chameleon  a  peculiiu:  kind  of  radial  fibres  which  cross  the 
cone-fibres  at  an  acute  angle.  The  fineness  of  certain  cones  from  the  Chameleon, 
judging  from  what  I  have  seen  in  preserved  eyes  of  this  animal,  surpasses  anything 
yet  known  in  the  way  of  cones  from  other  Vertebrata. 

A  fovea  appears  to  exist,  though  less  marked,  in  other  Lizards  also,  and  in  Snakes 
and  Turtles,  according  to  statements  by  Knox  and  Hulkcff  In  the  Amphibia  and 
Fishes,  on  the  other  hand,  nothing  like  a  macula  lutea  or  fovea  centralis  is  known. 

When  I  called  attention  to  the  fact  that  the  yellow  screen,  which  at  the  macula  lies 
in  front  of  the  percipient  elements,  must  have  an  essential  influence  over  the  quantity 
of  violet  and  blue  which  we  perceive  in  the  spectrum  in  the  act  of  direct  vision,  it 
wanted  but  a  step  to  intimate  that  an  increase  in  the  intensity  of  the  yellow  pigment 
must  cause  yellow  vision  or  violet  blindness  (compare  my  above-mentioned  treatise 
on  *'the  yellow  spot  of  the  retina,  its  influence  on  normiU  vision  and  on  color-blind- 
ness ").  When  aL^),  in  this  connection,  I  spoke  of  the  santonin  intoxication  I  over- 
looked what  I  here  expressly  mention,  namely,  that  in  it  objects  will  be  seen  yellow 
not  only  in  direct  but  also  in  indirect  vision.  I  retract,  therefore,  my  former  opinion, 
which  indeed  I  have  long  since  ceased  to  hold.  We  see,  however,  through  still  another 
yellow  screen,  namely,  the  finely  meshed  network  of  capillary  vessels,  which  through- 
out the  whole  retina  lies  in  front  of  the  percipient  elements,  between  the  limitans  in- 
terna and  the  external  molecular  layer.    The  number  of  spectral  rays  which  a  single 

•  Oraefe,  Arefdv,  Bd.  x.  1,  p.  150. 

f  M.  Schultze,  Sitzungsber,  d.  niederrhein.  Oea.  zu  Bonn^  Juli,  1861. 

IWurzb.  naturw.  ZeU8ehr,,Bd.  ii.  1861,  p.  140. 
Idem,  und  uber  deu  Auge  de9  Chamdiecn,  p.  11. 


A>.  *».  A,  Bd.  ii.  p.  206. 


urzb.  not,  ZeUsehr,,  Bd.  iii.  1862,  p.  10. 
**  Journal  of  Anatamv  and  Physiologv.  1866,  No.  I.  p.  104. 
tt  L.  c.  p.  103  and  104. 
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layer  of  blood-globules,  arranged  on  edge  like  rows  of  coin,  may  absorb,  is  Tery  oonnd- 
erable,  as  is  taaght  by  the  examination  with  the  spectral  apparatus  of  Browning. 

The  hemoglobin  strisd  are  visible,  and  at  the  violet  end  of  the  speotrum  a  consider- 
abls  portion  of  the  rays  are  lost.  When  the  layers  of  blood-globules  are  thicker,  asm 
the  larger  retinal  vessels,  the  absorbing  power  will  of  course  be  much  greater.  Not- 
withstanding the  fact  that  in  this  screen  of  blood-globules  there  are  many  interrals, 
through  which  we  see,  and  of  whose  existence  we  are  unconscious  owing  to  the  con- 
tinual movements  of  the  eye,  still  the  network  of  blood-vessels,  especially  if  projected 
upon  a  smgle  plane  from  the  various  layers  of  the  retina,  is  too  dense  not  to  be  taken 
into  consideration.  Changes  in  the  blood,  which  affect  its  power  of  absorbing  oeitain 
rays  of  light,  must  therefore  also  occasion  abnormal  peroeption  of  oolor  (oompare 
here  my  communications  to  Preyer  in  Pflttger's  Arehiv^  Bd.  i.,  p.  805). 

5.     Ora  Serbata  and  Pars  Ciliaris. 

In  contrast  with  the  macula  lutea,  the  region  of  the  ora  serrata  in  the 
Human  retina  is  characterized  by  a  gradual  disappeai'ance  of  the  nervous 
elements  at  the  same  time  with  an  increase  in  the  development  of  the  con- 
nective substance*  The  radial  suppoi-ting  fibres,  and  the  spongy  network 
which  unites  them,  represent  the  mass  of  tissue  at  the  ora  serrata ;  these 
also,  although  in  an  altered  form,  appear  to  constitute  the  prolongation  of 
the  retina  over  the  ciliary  processes,  which  portion  of  the  retina,  however, 
takes  no  part  in  the  act  of  vision. 

H.  Miiller  made  such  thorough  researches  *  of  this  region,  that  but  little 
remains  to  be  added  by  later  investigators.  His  account  is  essentially  as 
follows : — 

"  In  the  vicinity  of  the  ora  serrata  all  the  layers  of  the  retina  are  so  re- 
duced that  its  thickness  is  not  more  than  0.12-0.14  mm.  Nerve  and  gan- 
glion cells  are  very  scarce,  so  that  they  are  to  be  found  singly  between  the 
ends  of  the  radial  fibres ;  the  molecular  layer  presents  a  more  perpendicu- 
larly striated  appearance,  owing  to  the  increased  number  of  radial  fibres,  so 
that  finally  its  inner  border  is  erased  ;  the  layer  of  internal  granules  consists 
of  only  two  to  three  scattered  rows ;  and  frequently  in  its  place  only  nuclei 
seem  to  be  deposited  in  the  fibrous  mass,  which  stretches  through  the  thin 
intergranular  layer  to  the  external  granules.  The  rods  and  cones  are  distinct, 
although  somewhat  shorter  than  elsewhere.  Very  shortly  before  the  ex- 
.  ti'eme  thinning  of  the  retina  its  layers  lose  their  specific  characteristics, 
even  more  than  before,  and  are  transformed  into  an  indistinctly  fibrous  mass, 
whose  fibres  run  in  a  perpendicular  direction,  and  in  which  numerous  round 
or  oval  nuclei  are  deposited.  The  rod-layer  alone  is  excepted  in  this  gen- 
eral commingling,  since  it  retains,  even  to  the  last,  its  existence  as  a  sepa- 
rate layer ;  it«  elements  diminish  in  size  somewhat  suddenly,  and  then  dis- 
appear altogether ;  and  at  the  same  time  the  other  layers  of  the  retina  are 
reduced  to  a  single  row  of  cells,  which  represents  the  pars  ciliaris,  and  is  an 
immediate  continuation  of  the  retina  itself.  These  cells  resemble  in  genei-al 
the  cylindrical  epithelia,  but  in  different  animals  (H.  Miiller  examined  this 
region  in  Oxen,  Swine,  Babbits,  Pigeons,  and  Chickens)  are  of  different 
height  (in  the  Rabbit  0.25  mm.)." 

H.  Miiller  considers  these  cells  as  a  continuation  of  the  general  conneo- 
tive  framework  of  the  retina,  "  to  which  must  probably  be  reckoned  the 
inner  ends  of  the  radial  fibres,  perhaps  also  that  portion  of  the  internal 
granules  which  in  most  animals  distinctly  corresponds  to  the  various  nu- 
cleated radial  fibres."  "  The  form  also  of  the  cells  in  question  is,  in  a 
certain  degree,  such  that  they  could  not  well  be  taken  for  epithelial  cells. 

*  Z.f.w,  Z.,  Bd.  viii.  p.  91. 
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Thus,  when  isolated,  their  ends  are  offceD  not  rounded,  bnt  furnished  with 
several  indentations  and  short  processes,  which  occur  also  on  the  sides,  so 
that  they  may  well  be  considered  as  belonging  to  the  group  of  connective 
substances ;  whereas  the  round  cell-forms  which  occur  elsewhere  present  no 
such  tendency." 

Kolliker*  corroborates  these  views,  in  so  fiar  that  he  professes  to  have  ob- 
served a  gradual  transition  of  the  shortened  radial  fibres  into  the  cells  of  the 
pars  ciliaiis.  He  also  assumes  here  a  prolongation  of  the  limitans  interna. 
We  miss,  however,  a  more  accurate  description  of  the  isolated  cells,  whose 
forms,  as  stated  by  H.  MUller,  may  be  very  manifold,  by  reason  of  processes 
and  indentations,  and  of  which  Klebs,f  depending  upon  his  own  researches, 
affirms  that  they  may  be  directly  continuous  with  the  fibres  of  the  zonula. 
Two  regions  are  to  be  distinguished  here,  namely,  the  smooth  posterior 
region,  and  the  anterior  region,  bordered  by  the  ciliary  processes.  These 
were  designated  by  SchwalbeJ  as  the  zone  of  the  orbiculus  ciliaris,  and  the 
zone  of  the  ciliary  processes.  Schwalbe  was  able  to  isolate  the  limitans 
interna  in  both  these  regions ;  but  when  the  vitreous  body  is  separated  from 
the  ciliary  processes,  the  limitans  remains  attached  to  the  zonula  zinnii. 
This  attachment  occurs  at  the  places  corresponding  to  the  valleys  between 
the  processes ;  and  these  places  are  also  covered  with  the  cells  of  the  pars 
ciliaris  and  pigment,  thus  giving  rise  to  the  well-known  appearance  of  the 
zonula.  Schwalbe,  however,  does  not,  like  Kolliker,  admit  that  the  limi- 
tans interna  arises  from  the  cells  of  the  pars  ciliaris,  but  distinguishes  it 
(together  with  certain  external  reticular  processes,  seen  also  by  Merke],§ 
which  extend  between  the  cells,  and  represent  the  radial  supporting  fibres) 
as  a  continuation  of  the  connective  substance  of  the  retina.  ||  Thus  the  tran- 
sition of  the  radial  fibres  of  the  retina  into  the  cells  of  the  pars  ciliaris, 
which  Kolliker  considers  as  certain,  is  again  brought  into  question.^ 

According  to  my  researches  made  upon  fresh  Human  eyes,  which  had 
been  preserved  for  twenty-four  hours  or  somewhat  longer  in  varying  solu- 
tions of  perosmic  acid,  the  cells  of  the  pars  ciliaris  present  a  great  diversity 
in  appearance.  In  general  they  are  elongated  and  prismatic,  resembling 
tall,  cylindrical  epithelium.  At  their  outer  ends  they  ai*e  smoothly  trun- 
cate, and  lie  each  upon  a  pigment-cell ;  at  their  inner  ends  they  may  either 
increase  or  fliminift)!  in  size,  and  adhere  closely  to  the  surface  of  the  vitreous 
body,  which  at  this  point  is  distinctly  fibrous  (zonula  Zinnii).  Many  of 
the  cells  end  here  distinctly,  after  the  manner  of  the  radial  fibres  of  the 
retina,  in  conical  expansions,  %r  divided  into  branches,  each  of  which  again 
terminates  with  a  truncate  extremity,  like  a  column  standing  upon  its 
base.  Othera,  interposed  between  these,  reach  the  surface  of  the  corpus 
vitreum  only  by  a  pointed  end,  or  terminate  in  a  fine  fibre,  so  as  to  give 
the  appearance  of  being  continuous  with  the  fibres  of  the  zonula.  Such  a 
transition,  however,  I  have  not  in  reality  seen.  The  entire  surface  of  the 
cells  of  the  pars  ciliaris  is  frequently  provided  with  serrations  and  rough- 
nesses, by  which  the  neighboring  cells  hold  fast  to  one  another.  The  sub- 
staiice  of  the  cells  lb  not  homogeneous,  but  marked  with  exceedingly  fine 
striations,  in  the   longitudinal  direction ;   it  cannot,  however,  be  resolved 

•  Oewebdehre,  Aufl.  6,  p.  685. 
t  Virchow'B  Arehiv,  1861,  Bd.  xxi  p.  187. 
X  A.  f.  m.  A.,  Bd.  vi.  p.  326. 
§  Die  Zamda  eiUcmB  Leip2dg,  1870.     Taf.  1,  Fig.  9. 
i  Idem.,  p.  803. 

7  Comparo  also  the  notice  by  Manfredi :  *'  Sulla  Btmttara  dela  parte  cigliare  della 
Betina"  {Gaz,  Med,  Ital.  Lowibard,  Ser.  vL  Tom.  iii.  1870). 
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into  fibrillse.  The  nucleus  is  othI,  hyaline,  very  pale,  resembling  the  nuclei 
of  the  radial  supporting  fibres,  and  lies  sometimes  near  one  extremity,  some- 
fcimes  near  the  other.  In  the  substance  of  the  cells  it  is  not  uncommon  to 
6nd  a  small  quantity  of  blackish-brown  granular  pigment,  which  is  denser 
at  the  outer  end  of  the  cells,  so  that  it  seems  doubtful  whether  another 
special  pigment-cell  lies  upon  the  pigment-layer  of  the  I'etina,  or  whether 
the  pigment-cell  itself  is  provided  with  fibrous  prolongations.  Taking  all 
things  into  consideration,  the  opinion  that  the  cells  of  the  pars  ciliaris  cor- 
respond with  the  radial  supporting  fibres  seems  to  me  to  be  the  correct  one. 
They  agree  in  the  nature  of  their  substance,  which  in  both  cases  is  finely 
striated,  as  if  having  a  fibrillar  structure ;  in  the  form  and  refractive  quality 
of  their  nuclei ;  in  their  reaction  to  perosmic  acid,  in  which  both  take  a  light- 
bi*own  color,  while  the  neighboring  vitreous,  after  a  time,  becomes  bluish- 
black,  and'  finally  in  the  rough  serrated  surface,  and  the  manner  of  termina- 
tion at  the  vitreous  body. 

It  has  been  often  affirmed  that  the  cones  of  the  human  retina,  as  compared 
with  the  rods,  diminish  in  number  continuously  from  the  macula  lutea  to  the 
oi*a  serrata.  This  is  not  the  case,  as  I  have  indeed  heretofore  stated.*  From 
a  certain  circle  surrounding  the  yellow  spot  to  the  ora  serrata  the  distiibu- 
tion  of  the  rods  and  cones  remains  the  same,  so  that  always  three  to  four 
rods  occupy  the  shortest  space  between  two  cones.  At  the  ora  serrata  the 
number  of  rods  suddenly  diminishes,  and  empty  spaces  occur  between  the 
cones,  which  seem  to  become  more  numerous.  The  latter,  when  seen  from 
the  surface,  resemble  irregularly  distorted  circles,  lose  their  brilliancy,  and 
finally  disappear  apparently  in  the  tissue  of  the  pal's  ciliaris.  The  length 
of  the  cones  and  rods  in  the  region  of  the  ora  serrata  is  less  than  in  the 
fundus  or  equator  of  the  eye,  as  in  fact  H.  Miiller  observed.f  Merkel  re- 
marked similar  appearances  in  Man,  Cattle,  Chickens,  and  the  Pike. 

A  very  remarkable  deviation  from  the  normal  condition,  which  accompa- 
nies atrophy  of  the  nervous  tissues  at  the  ora  serrata,  is  represented  by  the 
condition  which  Iwanoff  and  I  have  called  oedema  of  the  retina.  Iwanoff 
has  lately  devoted  an  exhaustive  essay  to  this  subject.^  According  to 
Merkel  §  and  Iwanoff  this  change  occurs  by  pi-eference  in  elderly  people, 
and  therefore  is  to  be  considered  as  a  senile  metamorphosis.  |  It  is  charac- 
terized by  the  foimiation  of  spaces  filled  with  serous  fluid,  which  by  uniting 
may  expand  the  retina  considerably,  and  lead  to  an  atrophy  of  the  nervous 
tissue  at  the  afiected  spots ;  the  radial  fibres,  however,  are  crowded  together 
in  columnar  bundles,  which  remain  stretched  between  the  two  limitantes,  or 
between  the  limitans  interna  and  the  external  molecular  layer.  This  ap- 
pearance was  excellently  described  by  H.  Miiller,^  who  thought  it  should  be 
CK>nsidered  as  a  post-mortem  change ;  Blessig  first  made  drawings  of  it,**  and 
Henle  described  it  as  being  of  frequent  occurrence,  ff  In  transverse  sections 
of  such  cedematous  portions  of  retina  one  may  see  empty  spaces  within  the 
limits  of  the  granule-layers,  or,  when  the  degeneration  is  far  advanced, 

•  «1.  /.  m.  A,  Bd.  ii.  p.  225,  Taf.  xil  figs.  8-4. 

t  Compare  M.  Schultze,  ^./.  m.  A,  Bd.  v.  Taf.  xxii  Fig.  5,  vom vorderen  Rande ; 
Fig.  14,  auB  der  Gegend  des  Aclquators ;  fig.  11,  vom  gelben  Fleck  des  Menaohen. 

t  Graefe,  Arehiv,  1869,  Bd.  xv.  2,  p.  88. 

§  Macula  ItUea,  etc.,  p.  17. 

I  Iwanoff,  who  examined  a  large  number  of  cases  with  reference  to  this  point,  aaw 
this  cedema  only  6  times  out  of  50  in  eyes  of  adults  between  20  and  40  years  of  age ; 
on  the  other  hand  26  times  out  of  48  in  eyes  of  persons  5(X-80  years  old. 

t  Z.f.  to.  Z.,  Bd.  viii  p.  7. 

**  De  reUnm  textura^  Dorpat,  1855,  fig.  8,  p.  47. 

ft  Bingeweiddehre^  p.  669. 
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Btretching  from  the  limitans  interna  to  the  externa.  These  spaces  are 
bounded  by  columns  of  condensed  radial  fibres,  which  contain  many  nuclei, 
and  which  m  the  vicinity  of  the  limiting  membranes  communicate  with  one 
another  in  the  form  of  ai-ches.  This  form  of  degenei*ation  does  not  occur 
exclusively  at  the  ora  serrata.  I  myself  observed  one  case  where  a  portion 
of  the  retina  not  far  from  the  equatorial  region  was  swollen  so  as  to  form 
a  prominent  tumor  of  the  size  of  a  pea ;  a  cross  section  of  this  tumor  showed 
it  to  be  a  highly  developed  cedema  limited  to  this  spot.  The  retina  at  this 
point  was  1  mm.  in  thickness.  The  rods  and  cones  remain  apparently  un- 
changed in  the  low  degi'ees  of  oedema,  but  ai'e  generally  wanting  where  the 
retina  is  much  swollen.*  Merkel  observed  this  (edematous  swelling  also  in 
the  eyes  of  old  dogs. 

6.    Development  op  the  Retina. 

For  the  development  of  the  retina  the  embryonal  brain  puts  forth  a  vesi- 
cular protrusion,  the  primitive  ocular  vesicle,  which  after  its  formation  is 
changed  by  the  simultaneous  development  of  the  lens  into  a  sac  very  soon 
having  a  double  membrane.  This  happens  in  the  Chick  by  the  end  of  the 
second  day  of  incubation.  The  two  folds  of  the  primitive  retina,  which 
arises  from  the  ocular  vesicle,  are  at  first  equal  in  thickness,  but  soon  the 
anterior  fold,  which  borders  on  the  vitreous,  becomes  considerably  thicker, 
while  the  posterior  fold  remains  the  same.f  The  former  on  the  fifth  day  of 
incubation  consists  of  very  numerous  small  fusiform  cells,  which  stand  per- 
pendicular to  the  surface ;  the  latter  is  formed  of  a  single  layer  of  short  pris- 
matic cells  in  which  dai*k  pigment  is  deposited.  Remak  thought  this  might 
be  considered  as  the  foundation  of  the  retina,  and  with  it  the  choroid.  But 
it  has  been  demonstrated  by  Kolliker  J  and  more  recent  observers  §  that  the 
development  of  the  pigmented  connective  tissue  and  the  blood-vessels  of  the 
choroid  advances  independently  of  the  pigmented  layer  of  the  primitive 
ocular  vesicle.  The  posterior  fold  of  the  latter  is  destined  exclusively  to  the 
pigmented  epithelium  of  the  retina,  while  the  anterior  forms  the  other  layers 
of  this  membrane.  The  rods  and  cones  make  their  appearance  last.  Before 
their  development  the  embryonal  retina  is  sharply  separated  from  the  pig- 
mented epithelium  by  the  limitans  externa,  which  at  this  stage  of  develop- 
ment is  much  more  distinct  than  the  limitans  interna.  In  its  position  the 
externa,  since  it  is  turned  toward  the  cavity  of  the  primitive  ocular  vesicle, 
corresponds  to  the  inner  surface  of  the  cerebral  ventricle;  which  in  the  em- 
bryo of  this  age  I  find  to  be  covered  by  just  such  a  distinct  limiting  mem- 
brane. It  consists  of  the  conical  expansion  of  fibrils  and  fusiform  cells,  ar- 
ranged perpendicularly  to  the  surface,  and  whose  ends  fall  in  the  same  plane 
and  unite  in  the  form  of  a  membrane.  The  appearance  is  precisely  the  same 
in  the  retina  and  in  the  ventricles  of  the  brain.  At  this  time  there  is  no« 
thing  to  be  seen  of  an  epithelial  covering  in  either  place. 

While  now  in  the  Chick,  from  the  seventh  to  the  tenth  day  of  incubation, 

*  Compare  Iwanpff,  L  c.  Taf.  iv.  nnd  v.  figs.  11  nnd  13. 

f  Compare  Bemak,  ErUwickd,  d  Wifrhdthiere,  p.  85,  Taf.  v.  fig.  60.  Hansen, 
Wrchovr'^B  ArcMf)^  Bd.  xzx.  p.  181,  and  my  fall  deeoription  of  the  development  of  the 
retina  in  the  Chicken,  Arehk)  f.  m.  A.,  Bd.  ii,  p.  339,  Taf.  viiL 

1  Entwickdungsgesehichts,  1861,  p.  388,  far  Sangethiere. 

I  Babuchin,  Wurzb,  nat,  Zeitsehr,,  Bd.  iv.  1868,  p.  71,  fttr  Sangethiere,  Hnhnnnd 
Frosch.  M.  Schnltze,  1.  o.  flir  das  Hilhnchen  nnd  fiir  Sangethiere.  Schenok,  SU- 
gung^.  d,  Acad,  zu  #td7i,  1867,  Aprilheft,  betrifft  Fische.  Comp.  also  Henaen,  A. 
f.  TO.  A.,  Bd.  U.  p.  431. 
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a  yeiy  distinct;  stratification  takes  place  thronghont  the  previously  homo- 
geneous (anterior)  retina,  consisting  in  the  division  into  an  internal  fibrous 
layer,  two  molecular  layers,  and  a  difierentiation  in  size  of  the  various  layers 
of  granules  and  ganglion-cells,  the  beginnings  of  the  rods  and  cones  push  out 
beyond  the  posterior  surface  of  the  limitans  externa  in  the  form  of  semicir- 
cular protuberances,  small  in  size  and  homogeneous  in  character.  As 
these  increase  in  length  and  thickness  the  inner  segment  is  first  formed,  and 
somewhat  later  the  outer  segment.  At  the  same  time  tbey  insert  themselves 
into  the  posterior  retinal  fold,  which  goes  to  form  the  pigment-sheaths.  On 
the  eighteenth  day  of  incubation,  small  oil  globules,  at  first  red  and  after- 
wards yellow,  are  to  be  found  within  the  cones,  so  that  the  retina  of  the 
chick  as  it  emerges  from  the  egg  is  already  provided  with  fully-developed 
percipient  elements,  which  increase  afterwards  in  size,  but  probably  not  in 
number.  It  is  worthy  of  remark  that  in  the  chicken  the  rods  and  cones 
appear  from  the  beginning  as  distinctive  structures,  and  that  the  cones, 
which  at  first  are  inferior  to  the  rods  in  diameter,  become  considerably  thicker 
immediately  after  hatching,  and  ultimately  with  their  colored  globules  occupy 
a  relatively  much  larger  space  than  at  an  earlier  period.  We  are  indebted 
to  Babuchin,  in  his  researches  on  the  retina  of  the  tadpole,*  for  information 
concerning  the  relation  of  the  developing  rods  and  cones  to  the  external 
granules.  The  relative  size  of  the  elements  reveals  clearly  the  fact  that  the 
rods  and  cones  owe  their  existence  to  an  outgrowth  of  the  substance  of  the 
external  granules.  Although  the  rods  and  cones  in  the  mature  frog  differ 
very  much  in  appearance,  this  difierence  is,  according  to  Babuchin,  less 
marked  during  the  earlier  stages  of  development. 

These  observations  on  the  development  of  the  rods  and  cones  from  the 
anterior  fold  of  the  primitive  ocular  vesicle  are  corroborated  by  Schenk's 
remarks  about  fish.  The  process  may  be  ranked  with  the  so-called  cuticular 
formations,  in  so  far  as  it  consists  in  a  unilateral  proliferation  from  the  cell 
of  a  substance  not  ])rotoplasm,  as  is  certainly  the  case  with  the  outer  seg- 
ments and  the  refractive  bodies  of  the  inner  segments,  f 

As  in  the  Chicken  the  rods  and  cones,  although  not  so  thick  as  in  the 
mature  animal,  are  already  developed  before  the  moment  of  hatching,  so  is 
it  in  Man  at  the  time  of  birth,  as  well  as  in  many  of  the  Mammalia,  for 
instance  the  ruminants.  Kods  and  cones  in  the  newly-born  child  as  in  the 
newly-born  calf  are  well  developed,  and  divided  into  inner  and  outer  segment, 
although  much  thinner  and  shorter  than  in  the  adult.  The  case  is  different 
with  the  young  of  the  Babbit  and  the  Cat,  which  are  bom  blind.  Here  the 
percipient  elements  are  only  developed  after  birth.J  Whether  at  the  time 
of  birth  the  limitans  externa  is  quite  smooth,  or  the  first  indications  of  rods 
and  cones  have  pushed  beyond  the  limitans  in  the  form  of  roundish  protuber- 
ances, certain  it  is  that  the  complete  formation  of  the  rod-like  elements  fol- 
lows some  days  after,  and  progresses  as  in  the  Chicken,  in  such  a  manner 
that  first  the  inner  siegment  and  later  the  outer  segment  is  formed.  The 
first  recognizable  laminea  of  the  latter  make  their  appearance  on  the  fifth  or 
sixth  day  after  birth.     On  the  ninth  day,  or  at  the  time  when  the  eyelids 

♦  L.  c.  p.  77. 

f  Hansen  advocated  for  some  time  the  opinion  that  the  rods,  or  at  least  the  outer 
portions  of  their  substance,  were  developed  simultaneously  with  the  pigment  from  the 
external  fold  of  the  primitive  ocular  vesicle  (Virchow,  Arehh^  Bd.  xxx.  p.  181,  and 
A,  f,  m.  A.f  Bd.  ii  p.  421),  but  has  lately  changed  his  views  on  this  subject  (ufon,  Bd. 
iv.  p.  840). 

t  M.  Schultze,  il /.  m.  A,  Bd.  iii. ;  Idem^  Bd.  iii  p.  873 ;  Steinlin,  Anat  d.  BeUna, 
St.  Gallen,  p.  89. 
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are  opened,  the  length  of  the  outer  segment  in  the  Kitten  is  scarcely  4  /a, 
while  in  the  full-grown  animal  they  are  more  than  17  /x  long.  The  condi- 
tions arc  similar  in  the  Kabhifc.*  Here  the  thickness  of  the  laminsB  does 
not  increase,  but  only  their  number. f  At  what  time  before  >)irth  the 
development  of  the  rods  and  cones  from  the  layer  of  external  granules  begins 
in  Man  is  •  not  precisely  known.  In  an  embryo  of  twenty-four  weeks, 
which  came  to  my  hands  perfectly  fresh,  I  found  the  membrana  limitans 
externa  still  quite  smooth.  Eitter  thinks  that  he  has  seen  well-developed 
rods  in  even  younger  embryos.t 

In  the  earUesc  period  of  its  formation  the  retina  reaches  forward  "beyond 
the  border  of  the  lens.  By  a  difference  in  development  of  its  various  parts 
are  formed  the  true  retina,  the  pars  ciliaris,  and  finally  the  pigment  covering 
the  posterior  surface  of  the  iris,  which  latter  is  covered  only  by  a  rudiment 
of  the  tissue  arising  from  the  inner  fold  of  the  primitive  ocular  vesicle,  or  by 
the  so-called  prolongation  of  the  limitans  interna.  Since  during  the  devel- 
opment of  the  retina  the  position  of  the  embryonal  ocular  fissure  is  indicated 
by  an  nnpigmented  stripe  running  from  behind  forwards  throughout  the 
entire  extent  of  the  retina,§  the  foundation  is  thus  laid  for  that  arrest  in 
development  consisting  in  a  lack  of  pigment  (coloboma)  which  frequently 
exists  at  this  place,  and  which  may  involve  the  pigment  of  the  iris  as  well  as 
that  on  the  anterior  surface  of  the  choroid.  The  coloboma  is,  as  Scholer|[  has 
already  rightly  stated,  originally  an  arrest  in  development  of  the  retina  and 
not  of  the  choroid.^  To  what  degree  the  tissue  of  the  lasji-mentioned  mem- 
brane and  of  the  iris,  leaving  out  of  the  question  the  pigmented  epithelium, 
take  part  in  the  frequently  occurring  colobomata  is  to  be  determined  from  the 
numerous  and  exact  ophthalmoscopic  examinations  of  this  anomaly.  Here 
doubtless  some  unknown  relation  exists  between  the  development  of  the 
pigmented  epithelium  from  the  outer  fold  of  the  primitive  ocular  vesicle  and 
the  development  of  the  choroidal  tissue. 

*  M.  Schultae,  1.  c.  Bd.  iii.  p.  375. 

t  W.  Krause's  Widerspruch^  Membr,  fenestr.  p.  83.  I  take  thia  opportunity  of  men- 
tioning  the  fact  that  reliable  information  concemiug  the  development  of  the  rods  and 
cones  cah  only  be  obtained  by  examining  the  edges  of  absolutelj  fresh  retins  prepared 
in  humor  aqnens  or  iodized  serum  ;  all  my  statements  are  based  upon  examinations 
made  in  this  way.  W.  Erause  puts  the  eyes  of  young  rabbits  in  bichromate  of  potash, 
and  finds  that  the  existence  of  rods  and  cones  may  be  demonstrated  without  the 
slightest  difficulty  at  a  time  when  I  miss  them  in  a  fresh  state. 

I  Graefe,  Archiv,  Bd.  x.  1,  p.  75  ;  2,  p.  142.  Die  Structur  derBetma,  ^.  p.  22  u.  52. 

§  Ck>mpare  A.  f,  m.  A.,  Bd.  iL  Taf.  viii  fig.  7. 

f  i>«  o&uU  evdkttwJM.    Dis.  inaug.  Mitau,  1849. 

1  The  situation  of  the  fovea  centralis  forbids  the  supposition  that  it  is  a  remnant  of 
the  foetal  ocular  fissure,  as  recently  stated  by  Hensen  {A.  f.  m.  it.,  Bd.  iv.  p.  850).  On 
the  contrary  the  peoten  of  the  Bird,  and  what  corresponds  to  it  in  reptiles  and  fishes, 
occupies  this  region,  consisting,  as  it  does,  of  an  outgrowth  of  the  choroid  into  the 
fissure  itself  (Schenck,  Wimer  B&ztmgsher.    1867). 


Digitized  by 


Google 


II.  TUNICA  VASCULOSA. 
By  Prof.  A.  IWANOFF. 

The  tunica  vasculosa  or  tunica  uvea  forms  the  internal  lining  of  the 
sclerotica,  being  situated  between  the  latter  and  the  retina.  At  a  point  1 
mm.  from  the  margin  of  the  cornea,  it  bends  abruptly  towards  the  axis  of 
the  eye,  and  applies  itself  in  the  form  of  a  vertical  septum  to  the  anterior 
surface  of  the  lens,  thus  forming  the  posterior  wall  of  liie  anterior  chamber. 

The  posterior  i>ortion  of  the  tunica  vasculosa,  which  lies  in  contact  with 
the  sclerotic,  is  called  the  vascular  membrane  or  choroid ;  the  anterior  por- 
tion, which  during  life  is  visible  behind  the  transparent  cornea,  and  which 
is  provided  with  a  central  aperture,  the  pupil,  has  received  the  name  iris. 

Both  these  membisnes  bear  the  name  *^  tunica  vasculosa**  in  common,  for  the 
reason  that  both  are  extremely  vascular,  and  the  vessels  of  both  stand  in  intimate 
relation  with  one  aaother.  The  secood  name  common  to  the  choroid  and  iris,  ^*  tunica 
avea«"  was  given  on  account  of  a  distant  resemblanoe  to  the  skin  of  a  dark-coloied 
grape,  in  which  the  hole  for  the  stem  is  represented  by  the  pupil  (Brftcke*).  Many 
anatomists  also  still  apply  the  name  uvea  particalariy  to  the  layer  of  pigment  which 
covers  the  posterior  sorface  of  the  iris. 

1.  The  choroid  presents  a  thin  (0.08-0.16  mm.  in  thickness)  vascular 
tunic,  which  at  two  points  is  united  to  the  sclerotic  more  firmly  than  else- 
where: posteriorly,  at  the  entrance  of  the  optic  nerve,  where  its  inner 
layers  form  a  ring,  surrounding  the  optic  nerve,  and  from  which  thin  fila- 
ments penetrate  the  nerve  itself  ;f  and  anteriorly,  at  the  junction  of  the 
sclerotic  with  the  cornea  (annular  tendon  of  the  ciliary  muscle).  In  addition 
to  this  these  two  membranes  are  bound  together  by  arteries  and  nerves 
which  perforate  the  sclerotic  to  enter  the  choroid,  and  by  veins  taking  the 
opposite  course. 

The  external  surface  of  the  choroid,  or  the  one  turned  toward  the  sclerotic, 
is  brown  in  color  and  fibrous;  anteriorly,  at  the  junction  of  the  choroid  and 
sclerotic,  may  be  seen  a  gray  circular  thickening,  3-4  mm.  in  breadth, 
which  encircles  the  anterior  portion  of  the  vascular  membrane  ;  this  is  the 
ciliary  muscle. 

The  internal  surfece  is  turned  toward  the  retina,  and  as  far  as  to  the  ora 
serrata  very  loosely  attached  to  it.  The  attachment,  however,  is  such  that  in 
the  great  majority  of  cases  the  outer  layer  of  the  retina  (namely,  the  pig- 
mented, epithelial  layer)  remains  adherent  to  the  choroid,  which  gave  rise 
to  the  fact  that  this  layer  has  hitherto  been  considered  as  belonging  to  the 
vascular  tunic  of  the  eye.  In  front  of  the  ora  serrata  these  membranes  are 
more  intimately  united,  since  from  this  point  the  pigment  layer  increases  in 
importance  as  a  medium  of  connection  between  the  ciliary  portion  of  retina 

♦  Anatom,  Beacfire^ung  de»  mentchUchen  Augapfds^  1847,  p.  2. 

f  Anat  Beitrage  zur  Ophthalmologie,  Arch,  f.  OpJith, ,  Bd.  ii.  Ahlh,  2,  p.  24. 
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and  the  choroid,  in  consequence  of  which  also  the  separation  of  the  retina 
from  the  choroid  at  this  point  cannot  always  -be  effected,  and  then  only 
partially.  If  the  pigment  is  removed,  the  inner  surface  of  the  choroid,  as 
as  far  as  the  ora  seirata,  appears  completely  smooth  and  gray  in  color ;  be- 
hind the  ora  serrata  its  surface  is  rough ;  in  front  may  be  seen  a  row  of 
elevations  arranged  in  the  meridional  direction,  and  separated  by  deep 
interspaces — the  so-called  ciliary  processes,  processus  ciliares. 

The  ciliary  processes,  70-80  in  number,  have  the  appearance  of  a  regu- 
larly folded  ruffle,  and  since  their  prominences  become  more  and  more 
elevated  towards  the  front,  they  finally  reach  as  far  as  the  ciliary  margin  of 
the  iris.  Their  entire  inner  surface,  with  their  folds,  are  covered  even  to 
their  anterior  limit,  with  a  thick  layer  of  pigment,  and  with  the  cells  of  the 
ciliary  portion  of  the  retina  (pars  ciliaris  retinas) . 

The  anterior  portion  of  the  choroid,  commencing  at  the  ora  serrata  and 
including  the  (nliary  processes  and  the  ciliary  muscle,  is  called  corpus 
ciliare. 

The  anterior  x>ortion  of  the  choroid  has  for  a  long  time  possessed  a  particnlar  de- 
signation. Thus  Vesal  called  it  tnnica  oiliaris,  and  later  aDatomists  distiiigaished  in 
tluB  tanica  ciliaris  a  pais  plioata  and  non-plicata.  Fallopius  was  the  fijst  who  named 
this  portion  of  the  choroid  corpus  ciliare.  Henle  gave  the  name  oozpus  ciliare  only 
to  the  most  anterior  part  of  the  choroid,  including  the  dliazy  processes  and  ciliary 
muscle ;  the  zone  between  ora  serrata  and  corpus  dliare  he  oaUed  orbiculos  ciliaris, 
without  stating  that  between  the  corpus  ciliare  and  orbiculus  ciliaris  there  was  any 
distinct  boundazy  line.  Luschka  describes  under  the  name  corona  ciliaris  that  portion 
of  the  Tascolar  membrane  which  is  attadied  to  the  zonula  Zinnii,  and  whidi  spreads 
itself  from  the  ora  serrata  to  beyond  the  margin  of  the  lens  •  the  ciliary  muscle  he 
calls  annulus  ciliaris.  We  consider  it  advisable,  for  the  sake  of  the  more  easy  compre- 
hension of  the  ordinary  terminology,  to  hold  exclusively  to  some  one  name,  even  if  it 
should  not  give  expression  to  all  ^e  anatomical  peculiarities  of  this  regfion  of  the 
choroid.  We  have  chosen  the  name  corpus  ciliare,  not  because  we  considered  it  to  be 
absolutely  the  best,  but  because  it  has  been  most  generally  adopted ;  for  this  reason 
Kolliker  also  in  his  text-book  uses  the  name  corpus  dliare,  likewise  H.  Mtiller  in  all 
his  treatises  on  the  eye. 

The  vessels  constitute  the  principal  portion  of  the  choroid ;  hence  to  it 
was  attributed  even  in  former  times  a  great  infiuence  over  the  nutrition 
of  the  eye.  This  vascularity  is  without  doubt  the  occasion  of  the  exceed- 
ingly important  part  which  the  choroid  takes  in  the  various  intrarocular 
pathological  processes. 

Another  constituent  part  of  this  membrane,  of  importance  in  the  func- 
tions of  the  *eye,  is  formed  by  the  smooth  trvascfulwr  fibres^  of  which  the 
largest  part  are  dq)osited  in  tibe  corpus  ciliare,  but  which  also  exist  in  the 
posterior  ^regions  of  the  choroid. 

Finally,  this  vascular  membrane  is  richly  provided  with  nerves. 

Ail  these  elements  are  bound  together  by  a  stroma^  which  in  the  choroid 
is  characterized  by  a  great  number  of  stellated  pigment-cells. 

The  choroid  is  usually  divided  into  the  ^ye  following  layers : — ^the  pig- 
ment-layer, the  vitreous  membrane,  the  membrana  chorio-capillaris,  the 
layer  of  larger  arteries  and  veins,  and  finally  the  membrana  supra-chorioidea. 
The  pigment  layer,  by  reason  of  its  development  from  the  external  lamella 
of  the  secondary  ocular  vesicle,  must  be  reckoned  with  the  retina,  so  that  for 
the  true  choroid  only  four  layers  remain.  Since  the  division  of  choroid  into 
these  four  layers  is  not  founded  uf>on  any  histological  or  topographical 
grounds,  we  shall  not  adhere  to  it  in  our  description. 

1.  The  vitreous  membrane,  vitreous  lamella,  lamina  vitrea  (E..  Arnold*), 


*  Anatomie,  ii  p.  102(X 
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elastic  layer  (Kolliker*),  or  basal  membrane  (Henlef )  was  first  described  by 
Bnich|  and  called  by  him  membrana  pigmenti.  It  makes  its  appearance  in 
the  posterior  portions  of  the  choroid  as  a  very  thin  (0.0006-0.0008  nun.), 
apparently  structureless,  or  fainbly  fibrous  membrane,  which  without  the  use 
of  artificial  means  remains  indissolubly  attached  to  the  choroidal  stroma. 
The  surface  which  is  turned  toward  the  pigmented  epithelium  is  perfectly 
smooth  as  far  as  the  ora  serrata.  Treatment  with  potash  and  sulphuric 
acid  causes  folds  to  appear  in  it,  since  these  reagents  act  differently  upon 
the  vitreous  membrane  and  the  outer  layers  of  the  choroid  to  which  it  is 
attached.  Since  by  long-continued  action  of  these  reagents  a  part  of  the 
stroma  which  adheres  to  the  vitreous  membrane  is  gradually  destroyed,  it, 
often  separates  itself  after  treatment  with  concentrated  alkalies  and  acids  in 
the  form  of  isolated  shreds.  If  the  choroid  is  immersed  for  a  considerable 
time  in  a  10  per  cent,  solution  of  common  salt,  the  fibrous  structure  of  the 
vitreous  membrane  becomes  more  apparent ;  but  even  after  this  treatment 
no  nuclei  are  to  be  seen  in  it.  The  nuclei  in  the  vitreous  membrane,  de- 
scribed by  Bruch  and  Henle,  doubtless  belong  to  the  capillaries. 

In  the  anterior  portion  of  the  choroid,  in  the  corpus  ciliare,  the  charac- 
teristics of  the  vitreous  membrane  change  in  a  great  degree.  Here  it  is 
paler,  thicker,  and  is  more  susceptible  to  the  action  of  alkalies  and  adds. 
It  loses  its  smoothness,  and  presents  upon  its  surface  microscopical  depres- 
sions and  elevations,  which  form  the  so-called  reticulum  of  the  ciliary  body 
(H.  Muller§).  This  reticulum  is  formed  of  small  anastomosing  elevations, 
which  enclose  after  the  manner  of  a  network  the  excavations  in  which  pig- 
ment is  deposited.  The  meshes  of  this  reticulum  are  smaller  in  proportion 
as  they  are  distant  from  the  ora  serrata.  The  reticulated  structure  of  the 
vitreous  membrane  may  be  followed  as  far  as  the  iris. 

2.  The  vessels  of  the  choroid,  as  already  mentioned,  form  two  layers :  the 
chorio-capillaris,  known  also  under  the  name  of  membrana  Huyschiana  (this 
layer  does  not  extend  beyond  the  ora  serrata),  and  the  layer  formed  by  the 
coarser  arterial  and  venous  trunks,  which  has  also  been  called  tunica  vascn- 
losa  Halleri.  The  ramifications  of  these  vessels  will  be  specially  discussed 
elsewhere ;  here  there  is  only  room  for  a  few  remarks  upon  certain  pecu- 
liarities of  their  structure. 

The  capillaries  are  so  intimately  united  with  the  vitreous  membrane  by 
means  of  a  very  thin  connective  stroma,  that  separation  can  be  effected 
only  by  the  use  of  reagents  which  dissolve  the  stroma. 

The  walls  of  the  capillaries  are  identical  in  structure  with  the  capillaries 
of  other  regions  of  the  human  organism ;  contrary  to  Henle's  opinion,  their 
walls  contain  nuclei,  and  not  only  in  young  individuals,  as  staited  by  H. 
Miiller,  but  also  in  persons  advanced  in  years.  In  aged  people  the  nuclei 
are  simply  somewhat  atrophied,  and  become  flatter,  while  simultaneously  the 
walls  of  the  vessels  are  thickened,  thus  rendering  them  more  difficult  of 
observation. 

One  may  often  see  in  the  eyes  of  apparently  healthy  persons  elongated  cells 
deposited  along  the  walls  of  the  oapillaries,  and  connecting  with  them  by  veiy  thin 
processes,  visible  only  by  the  use  of  high  powers.  These  cells,  however,  become 
exceedingly  conspicuous  in  inflammation  of  tiie  choroid.  In  such  cases  the  prooeHseB 
extend  idso  into  the  spaces  between  the  capillaries. 

•  JIandbtush  der  Oewebdehre,  1867,  p.  661. 

i  Edndbuch  der  systematisehm  Anatomie  des  Menschen,  1866,  XL  Bd.  p.  930. 

i  Kormges  Pigment^  1844. 

g  Arck.f,  Ophh.  Bd.  ii,  2.    AnaUmiKke  Beitrdge  9ur  Ophthdbnologie. 
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The  arterise  ciliares  breves  are  distinguished  by  a  great  development  of 
their  circular  muscular  fibres.  Besides  this,  on  both  sides  of  them  are 
arranged  longitudinal  bundles  of  smooth  muscular  fibres  (H.  Miiller*), 
whose  number  is  in  different  individuals  very  variable.  Also  the  size  of 
the  muscidar  bundle  is  not  alike  on  both  sides  of  the  same  vessel.  The 
smooth  muscles  accompany  the  branches  of  the  short  ciliary  arteries  only  in 
the  posterior  part  of  the  choroid,  and  become  more  scarce  in  proportion  as 
wu  advance  in  the  direction  of  the  ora  seiTata. 

Muscular  fibres,  arranged  in  thin  bundles,  are  also  to  be  found  detached 
and  scattered  throughout  the  choroidal  stroma  between  the  vessels. 

3.  The  principal  mass  of  the  smooth  muscular  fibres  of  the  choroid  is 
situated  in  the  foremost  region  of  this  membrane ;  this  is  the  ciliary  muscle 
(tensor  choroidesB,  Briicke). 

The  ciliary  muscle  (Fig.  328)  presents  itself  in  the  shape  of  a  triangular 
prism,  which  is  bent  upon  itself  so  as  to  form  a  ring,  and  whose  acute  angle 
is  directed  backwards.  Its  situation  is  in  the  anterior  and  external  portion 
of  the  ciliary  body.     The  ciliary  muscle  is  separated  from  the  sclerotic  by 


Fig,  32a 


Fig.  828.  Section  through  the  ciliary  region  of  the  Human  eye.  a,  meridional 
bundle  of  the  muac.  dliaris;  b,  deeper  radiating  bundle;  ece^  circular  plexus  of 
muscular  bundles  ;  d,  annular  muscle  of  Miiller ;  /,  muscular  layer  on  posterior  sur- 
face of  the  iris ;  g^  muscular  plexus  at  ciliary  margia  of  the  iris ;  d,  annular  tendon  of 
muse,  ciliaris ;  A,  b'gamentum  peotinatum. 

a  thin  lameUa,  the  lamina  fusca,  and  from  the  pigment  covering  the  inner 
surface  of  the  ciliary  processes  by  connective  tissue.  In  meridional  sections 
the  ciliary  muscle  presents  the  form  of  a  right-angled  triangle,  whose 
shortest  side  is  directed  forwards,  and  forms  with  the  external  side  a  right 
angle.     The  thickness  of  the  muscle  equals  0.8  mm. 

The  greater  pai*t  of  the  muscle  is  made  up  of  meridional  (Fig.  328,  a) 
bundles,  which  as  a  compact  mass  form  the  thick  outer  layer,  and  the 
largest  third  of  the  muscle. 

The  deeper  bundles  (6),  which,  like  those  just  mentioned,  take  their 
origin  at  the  anterior  external  angle  of  the  muscle,  then  diverge  in  a  radial 
direction  toward  the  inner  side  of  the  triangle.  In  this  course  the  radiating 
bundles  anastomose  frequently  with  one  another.     After  they  have  reached 

•   VerTumdL  d,  pkjfsieal-tnedicin,  GeaeUehaft  in  Wuribv/rg^  Bd.x.,  Abth.  2, 8,  p.  179. 
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the  inner  Etide,  they  change  their  direction  for  a  circular  one,  and  thus  form 
a  dense  circular  plexus  (c)  along  the  internal  surface  of  the  entire  muncle. 

Moreover,  the  anterior  side,  and  in  part  the  anterior  and  internal  angle 
of  the  ciliary  muscle  are  occupied  by  moderately  thick  bundles  of  drcukr 
fibres,  the  so-called  annidar  muscle  of  Midler  {d).  Its  posterior  bundles 
alone  are  formed  by  those  longitudinal  fibres  which  have  changed  their 
direction ;  the  anterior  bundles  represent  an  entirely  independent  muscle. 

All  the  meridional  and  radial  bundles  arise  from  the  anterior  and 
external  angle  of  the  muscle.  Their  prolongations,  consisting  of  compact, 
flattened  connective  tissue,  form  the  annular  tendon  of  this  muscle  (e).  It 
passes  forwards  along  the  inner  side  of  the  canal  of  Schlemm,  and  finally  is 
lost  in  the  tissue  of  the  cornea. 

The  meridinal  portion  of  the  muscle,  which  lies  immediately  against  the 
sclerotic,  consists  anteriorly  of  regularly  arranged  laminsB  whidi  lie  parallel 
to  one  another.  This  regularity,  however,  disappears  as  we  pass  further 
backwards,  and  3  nun.  from  the  origin  of  the  muscle  the  bundles,  as  they 
separate  from  one  another  and  anastomose,  form  a  row  of  loops  with  the 
convexities  looking  backwards,  in  which  a  portion  of  the  muscle  terminates. 
The  other  portion  of  the  meridional  fibres  retains  its  original  direction,  and 
may  be  followed  in  the  form  of  the  finest  fasciculi  even  to  a  distance  of  5-6 
mm.  from  the  beginning  of  the  muscle,  where  they  finally  disappear  amoE^ 
the  pigment  cells  of  the  stroma  of  the  ciliary  body. 

These  bundles  may  be  traced  further  only  on  the  temporal  and  nasal  side 
of  the  choroid ;  here,  united  into  two  fasciculi,  they  are  prolonged  on  each 
side  of  the  long  ciUary  arteries.  In  many  eyes  H.  MUlIer  observed  that 
these  bundles,  after  they  had  accompanied  the  ciliary  artery  throughout  its 
coui'se  in  the  choroid,  were  also  to  be  traced  for  some  distance  in  the  scleral 
canal. 

The  ciliary  musde  was  ftnt  disoovered  by  Brfloke*  in  the  year  1846,  and  shortly 
after,  indei)endently  of  him,  by  Todd  and  Bowman.  Bracke,  Todd,  and  Bowman, 
exactly  speaking,  described  only  its  meridional  bundles. 

The  complete  description  of  this  mnsde  was  given  by  H.  MUller  f  in  the  year  1857. 
In  this  treatise  he  described  for  the  first  time  the  circular  bundles,  which  ran  parallel 
.  to  the  corneal  margin,  forming  the  anterior  and  inner  portion  of  the  ciliary  mnaele-' 
the  compressor  lentis,  as  he  called  it  Simultaneoosly  with  him  Arlt  |  also  disoovered 
the  circular  fibres  of  this  muscle,  whioh  he  regarded  only  as  processes  of  the  radial 
fibres. 

Finally  P.  R  Sohultae,  in  the  year  1867,  with  the  help  of  the  chloride  of  palladium, 
found  the  droolar  plexus,  which  is  spread  over  the  entire  inner  surface  of  this 
muscle. 

The  size  of  the  musde,  its  texture,  the  relative  development  of  its  meridiooal 
and  circular  fibres,  are  subject  to  great  individual  variations.  These  variations  are  in 
relation  with  the  length  of  the  axis  of  the  eye,  on  which  depends  the  refraotiTe  con- 
dition of  the  eye — that  is,  its  far-  or  near-sightedness. 

In  the  hypermetropic  eye,§  the  axis  of  which  is  generally  shorter  than  normal,  tKe 
anterior  portion  of  the  muscle — ^that  is,  the  annular  muscle  of  MiUler — ^is  excessively 
developed ;  as  a  consequence  of  this,  the  muscle  is  pushed  conmderably  forwards  in 
the  direction  of  the  anterior  chamber,  and  the  entire  musde  is  smaller. 

In  the  myopio  eye,  the  axis  of  which  is  considerably  longer  than  normal,  the  ante- 
rior circular  bundles  of  the  musde  are  very  poorly  devdoped ;  the  musde  itself  con- 
sists prindpally  of  meridional  and  radial  bundles,  hence  in  this  case  the  anterior  po^ 


♦  Mailer's  Archw,  1846. 
+  Archivfur  Ophth.,  Bd.  iii 
I  Arc^wfur  mikr.  Anaty  Bd.  iii,  p.  477. 

§  Arch,  fur  Ophth.,  Bd.  xv.  Abth.  3,  p.  281     Beitr.  mrAnatmie  des  C&iamu»- 
kel8,  von  A.  Iwanoff. 


Digitized  by 


Google 


THE  CHOROID. 


853 


tion  of  the  mnsole  is  crowded  considerably  backwards,  and  the  entire  muscle  appears 
longer. 

In  the  domestic  animals  the  ciliary  muscle  consists  wholly  of  longitudinal  fibres ;  in 
Swine  alone  circular  bundles  are  found  in  the  posterior  portion  of  the  muscle  (A. 
Iwanoff  and  A.  BoUett  *). 

Fig.  829. 


Fig.  829.    Seotien  through  the  ciliary  region  of  a  hypermetiopic  eye. 

Fig.  380. 


Fig.  830.  Section  through  the  ciliary  region  of  a  myopic  eye. 

4.  The  nerves  of  the  choroid  (nervi  ciliares)  are  branches  of  Uie  tliird  and 
fifth  pairs,  and  of  the  sympatheticus.  Tlie  long  ciliary  nerves  (nervi  ciliares 
longi),  two  and  rarely  three  in  number,  arise  from  the  nasal  branch  of  the 
ophthalmic  nerve  (ramus  naso-ciliaris  trigemini) ;  the  short  ciliary  nerves 
(nervi  ciliares  breves),  14>18  in  number,  proceed  from  the  ciliary  ganglion. 
Both  perforate  the  sclerotic  not  fai*  from  the  optic  nerve,  and  continue  their 
course  on  the  external  surface  of  the  choroid.  After  having  given  off  a  con- 
siderable number  of  branches  to  the  posterior  portion  of  the  choroid,  they 

•  AtcIl  /.  OphHi.,  Bd.  xv.  Abth.  i. 
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advance  to  the  ciliary  muscle,  where  they  bifurcate,  and  are  resolved  into  a 
thick  terminal  plexus.  In  the  angle  formed  by  the  first  bifurcation  of  these 
nerves  H.  Muller  *  found  ganglion-cells  0.0016-0.025  mm.  in  diameter,  with 
two  to  three  nuclei.  Also  in  the  deeper  layers  of  this  plexus,  in  the  interior 
of  the  muscle,  are  to  be  found  nodular  swellings  very  similar  to  bipolar  cells. 

In  the  posterior  part  of  the  choroid  the  arrangement  of  the  nervous  net- 
work f  is  such  that  the  ciliary  nerves,  immediately  after  their  passage  from 
the  sclerotica  and  throughout  their  course  to  the  ciliary  muscle,  distribute 
lateral  branches,  which  consist  partly  of  dark-bordered  and  partly  of  pale 
nerve  fibres.  These  lateral  branches,  after  repeated  divisions  and  anasto- 
moses, form  a  plexus  lying  between  the  vessels  and  the  sclerotic.  From 
this  network  twigs  may  be  traced  to  the  arteries,  where  they  terminate 
apparently  in  the  smooth  muscidar  fibres.  In  this  nervous  network  also 
ganglion-cells  are  to  be  found,  which  are  situated  at  the  nodal  points.  Gan- 
glia also  occur  even  in  the  small  branches  of  the  ciliary  nerves. 

It  is  worthy  of  notice  that  the  development  of  the  posterior  nervous  net- 
work, as  well  as  the  number  of  ganglion-cells  which  are  to  be  found  in  it,  is 
subject  to  important  individual  variations ;  and  quite  as  remarkable  is  the 
fact,  that  these  variations  stand  in  striking  relation  with  the  development 
of  the  smooth  muscular  fibres  in  the  posterior  portion  of  the  choroid. 

5.  The  stroma  of  the  choroid  is  foimed  of  a  dense  network  of  interlaced 
fibres,  in  the  interspaces  of  which,  especially  of  the  external  layers,  a  great 
number  of  stellate  pigment-cells  are  embedded. 

The  fibres  of  this  netwqrk,  while  they  anastomose  with  one  another,  take 
for  the  most  part  a  course  pai^allel  to  the  surface  of  the  sclera,  and  give  off 
but  few  processes  to  the  adjacent  layers ;  thus  is  presented  an  appearance  as 
if  the  fibres  were  woven  into  several  distinct  layers,  of  which  one  generally 
remains  adherent  to  the  sclerotic  (lamina  fusca),  while  another,  thicdcer,  goes 
with  the  choroid.  The  latter  resolves  itself  into  several  superimposed  luni- 
me,  which,  beginning  at  the  posterior  portion  of  the  ciliary  body,  extend  to 
the  entrance  of  the  optic  nerve  (membrana  suprachoroidea). 

The  fibrillar  stroma  which  occupies  the  interspaces  between  the  blood- 
vessels is  in  connection  with  the  membrana  suprachoroidea. 

The  choroidal  stroma  is  very  rich  in  cells.  The  most  characteristic  are 
the  stellate  pigment-cells,  whose  form  is  somewhat  different  in  the  superfi- 
cial and  deeper  layers  of  the  choroid.  The  cells  of  the  superficial  layers 
display  a  stellate  form,  with  short,  broad,  and  flat  processes ;  tiie  dark-brown 
pigment  does  not  invade  the  nuclei,  which  are  flierefore  always  distinctly 
visible.  The  stellate  cells,  which  occupy  the  deeper  layers  and  fill  up  the 
spaces  between  the  vessels,  are  somewhat  thicker,  and  provided  with  long 
thin  processes,  which  form  frequent  anastomoses  with  the  processes  of  the 
neighboring  cells,  thus  constructing  a  dense  network.  These  cells  are  gene- 
rally darker  than  the  more  superficial  ones. 

XJnpigmented  cells,  also  of  the  most  various  forms,  are  to  be  found  in  the 
choroid ;  of  these  the  rounded  cells,  which  in  size  and  form  present  a  strong 
resemblance  to  the  white  blood-corpuscles  or  lymph  cells,  J  deserve  a  special 
mention.  They  are  met  with  in  all  the  layers  of  the  choroid,  but  especially 
in  the  deepest  layer  between  the  capillaries.  These  cells  have  the  power, 
like  the  white  blood-corpuscles,  of  changing  their  form  and  place.  Their 
number  is  subject  to  great  variation,  according  to  the  age  and  state  of  health 


'  VerhandL  d.  phyB^-med,  OeseUaehaft  inWurgburg^  Bd.  z.  p.  108. 

^  L.  c,  Bd.  X.  p.  189. 

:  Haase,  Areh.  f.  Ophth,,  Bd.  iv.  p.  57, 
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of  th6  ey6.  They  are  very  numerous  in  children ;  in  adults  their  number 
is  disproportionately  small  and  varies  greatly.  They  make  their  appear- 
ance in  great  quantities  in  every  inti*a-ocular  pathological  condition. 

The  external  surface  of  the  supra-choroidea,  according  to  recent  researches 
by  Schwalbe,  is  covered  with  endothelium. 

The  question  as  to  the  nature  of  the  tissue  of  which  the  choroid  is  com- 
posed, cannot  be  decided  alone  by  histological,  but  also  by  histogenetic  re- 
searches. The  lack  of  the  latter  gave  rise  to  the  fact  that  at  one  time  the 
choroidal  stroma  was  arbitrarily  reckoned  as  connective  tissue,  and  at 
another  time  as  elastic  tissue. 

II.  In  the  JrU  we  distinguish  the  pupillary  border  (margo  pupillaris), 
which  limits  its  central  aperture,  the  pupil ;  and  the  ciliary  border  (margo 
ciliaiis),  which  completes  the  union  with  the  ciliary  body  and  the  cornea ; 
furthermore,  an  anterior  and  a  posterior  surface. 

On  the  anteiior  siirface  of  the  iris  is  to  be  remarked  a  jagged  line,  by 
which  this  surface  is  divided  into  two  zones.  The  inner,  pupillary  zone, 
about  1  mm.  in  breadth,  is  set  with  fine  radiating  folds,  which  are  closely 
laid  together ;  the  outer,  ciliary  zone  is  a  little  less  than  3  mm.  in  breadth 
(the  pupil  being  4  mm.  in  diameter,  or  the  average  size  in  the  cadaver),  and 
possesses  in  its  external  half  five  to  jseven  concentric  folds,  which  are  always 
distinctly  to  be  seen,  but  especially  when  the  pupil  is  dilated. 

The  anterior  surface  of  the  iris  is  covered  with  epithelium,  which  is  in 
fact  a  continuation  of  the  epithelium  of  the  membrane  of  Descemet ;  it  dif- 
fers^ however,  somewhat  from  the  latter  in  consisting  of  smaller  cells,  which 
are  granular  and  not  so  plainly  hexagonal,  and  also  not  so  sharply  separated 
from  one  another  as  the  epithelial  cells  of  the  membrane  of  Descemet. 

The  posterior  surface  of  the  iris  is  black  in  color,  owing  to  the  thick  layer 
of  pigment  which  covers  it,  the  so-called  uvea.  The  uvea  begins  at  the 
edge  of  the  pupil,  which  in  a  state  of  contraction  is  plainly  bordered  with  it 
(during  the  dilatation  of  the  pupU  this  border  disappears  first  of  all),  and 
ends  at  the  ciliary  margin,  being  continuous  with  the  pigment-layer  of  the 
cili«ury  processes.  (The  boundary-line  between  the  pigment  of  these  two 
regions  is  always  sharply  marked,  since  the  pigment  of  the  ciliary  processes 
is  covered  by  the  pars  ciliaris  retrnaa  even  up  to  its  point  of  contact  with 
the  uvea.) 

In  a  histological  point  of  view  the  uvea  consists  of  cells  whose  proto- 
plasma  is  interspersed  with  pigment-granules,  by  which  the  nucleus  is  com- 
pletely hidden  from  view.  Poiiions  of  this  layer,  picked  to  pieces  and  ex- 
amined with  the  microscope,  present  masses  of  the  most  various  dimensions 
and  with  rough  surfaces,  so  that  it  is  impossible  from  these  fragments  to 
determine  the  shape  of  the  cells.  The  nuclei,  when  completely  free  from 
pigment,  are  round  and  faintly  granular. 

The  free  surface  of  the  uvea  exhibits  a  series  of  shallow  folds,  which  take 
a  radial  direction,  and  extend  in  the  form  of  regular  straight  lines  from  the 
pupillary  to  the  ciliary  margin ;  they  are  70-80  in  number. 

In  Man  there  exists  no  covering  membrane  for  this  pigment-layer.  That 
-which  was  formerly  described  under  the  name  membrana  limilans  Pacini 
(or  Jacobi)  pigmenti  is,  according  to  Kolliker,  "  the  united  outer  cell- wall  of 
the  pigment-cells ; "  according  to  Henle  it  is  the  margin  of  the  cement-sub- 
stance which  holds  together  the  pigment-granules — an  explanation  which 
seems  the  more  probable,  since  it  is  impossible  to  demonstrate  a  cell-wall  in 
the  cells  of  this  layer. 

The  tissue  of  the  iris,  like  the  tissue  of  the  choroid,  consists  of  vessels, 
muscles,  nerves,  and  the  stroma. 
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The  vesaeLs  of  the  iris  are  distinguished  in  general  by  the  unusTud  thick- 
ness  of  their  walls  (Arnold),  especially  the  adventitia,  which  by  itself  is  con- 
siderably thicker  than  all  the  other  tunics.  Moreover,  the  walls  of  the  yes- 
sels  of  the  iris  display  a  high  development  of  the  muscular  elements  (Ar- 
nold and  Huttenbrenner). 

The  movements  of  the  iris  are  accomplished  by  two  muscles;  the  sphinc- 
ter, which  contracts  the  pupil,  and  the  dilator,  through  whose  agency  the 
pupil  dilates. 

The  sphincter  of  the  pupil  (fig.  331,  a)  occupies  the  pupillary  zone  of  the 
iris,  and  extends  from  the  edge  of  the  pupil  outwards  for  a  distance  of 
0.9-1.3  mm.  At  the  pupillary  margin  it  is  thinnest  (0.10  mm.  in  thickness), 
becomes  thicker  externally,  and  at  a  point  not  far  from  its  outer  border 
reaches  a  thickness  of  0.25  mm.     It  lies  nearest  the  posterior  surfeu^e  of  the 

Fig.  331. 


Tig.  831.    Segment  of  the  iris,  viewed  from  the  surface,    a,  sphincter ;  b,  dilator. 

iris,  so  that  it  is  separated  from  the  uvea  only  by  a  thin  layer  of  connective 
tissue,  and  some  exceedingly  delicate  muscular  bands  belonging  to  the  di- 
lator. 

The  dilator  pupillae  (fig.  331,  5)  is  developed  from  the  bundles  of  ihe 
sphincter  as  an  uninterrupted  continuation  of  the  same.  Its  beginning  is 
formed  by  a  series  of  arched  interlacing  bundles,  which  lie  partly  within 
the  sphincter,  and  partly  on  its  posterior  surface  between  it  and  the  pig- 
ment-layer. These  isolated  bundles,  after  they  have  passed  the  boundaiy 
of  the  sphincter,  unite  to  form  a  continuous  muscular  layer,  which  spreads 
over  the  entire  posterior  surface  of  the  iris  (fig.  328,^);  all  its  fibres  lie 
regularly  parallel  to  one  another,  and  all  are  arranged  in  lines  radiating 
from  the  pupDlary  to  the  ciliary  margin. 

At  a  distance  of  ^  mm.  from  its  point  of  insertion  the  muscle  divides  up 
into  single  bundles,  which  aiTange  themselves  in  two  layers  one  above  the 
other  (fig.  332,  a,  a').  Just  at  the  ciliary  margin  the  fibres  of  these  bundles 
again  change  their  direction,  and  bend  abruptly  around  (6)  to  form,  by  in- 
terlacing with  one  another,  a  thin  muscular  plexus  (c),  which  surrounds  the 
ciliary  margin  of  the  iris  in  the  form  of  a  ring  (Fig.  328,  g). 

The  literature  on  the  dilator  papills  leads  na  unwillingly  to  the  belief,  that  nntfl  the 
time  of  Henle  the  existence  of  this  musole  was  presupposed  on  the  ground  of  abBolnte 
physiological  necessitj,  rather  than  actually  demonstrated.  Of  t^e  fact  that  the 
greater  number  of  authors  have  seen  this  musole  in  the  lower  animals,  there  can  be 
no  doubt ;  it  is  also  probable  that  the  observations  there  made  were  directly  applied 
to  Man,  but.  owing  to  the  peculiarities  presented  by  the  entire  human  aooommodative 
and  muscular  apparatus,  such  a  simple  transfer  to  Man  of  the  results  obtained  in  ani- 
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malfl  ifl  not  pzaotioable. .  The  peculiarities  in  the  stractare  of  the  dilator  in  Man  com- 
pelled Hcoile  himself  jnstiy  to  remark,  that  between  the  object  which  he  was  describ- 
ing, and  that  which  Briicke  and  Kolliker  called  the  dilator,  there  was  nothing  in  oom- 
mon. 

Fig.  832. 


Fig.  832. 


Arrangement  of  moscolar  bandies  in  the  iris, 
be  found  in  the  text. 


Explanation  of  letters  to 


KfiUiker  *  himself  does  not  conceal  the  fact  that  his  description  of  the  dilator  in 
the  Babbit  was  bonowed.  According  to  him  the  dilator  consists  of  isolated  thin 
bundles,  which  lie  between  t^e  vessels,  and  therefore  in  the  substance  of  the  iris. 
Henle  I  calls  attention  to  a  special  layer  of  fibres  which  is  to  be  found  on  the  inner  sur- 
face of  the  iris,  and  believes  that  this  homogeneous  and  uninterrupted,  although  vezy 
thin  layer  of  radiating  fibres,  which  extend  from  the  pupillary  to  the  ciliary  margin 
of  the  iris,  should  be  looked  upon  as  the  muscle  whose  contraction  is  followed  by 
dilatation  of  the  pupiL 

This  declaration  gave  rise  to  new  researches  concerning  the  dilator.  According  to 
Hiittenbrenner  J  the  dilator  in  the  Rabbit  exhibits  the  continuous  layer  of  muscular 
fibres  described  by  Henle,  which  lies  immediately  under  the  epithelium,  which  in 
thia  animal  takes  the  place  of  the  pigment-layer.  This  muscle  extends  to  the  ciliary 
margin,  and  some  of  its  fibres  may  easily  be  followed  as  far  as  the  ligamentum  pec- 
tinatum.  This  is  obviously  not  the  muscle  that  Kolliker  saw  in  the  Babbit.  In  Hilt- 
tenbrenner's  opinion  the  dilator  in  Man  also  is  arranged  in  the  same  manner.  This 
author  therefore,  with  the  single  exception  of  the  prolongation  of  the  muscular  fibres 
into  the  ligamentum  pectinatum,  confirms  the  views  of  Henle,  and  not  for  Man  alone, 
but  also  with  regard  to  animals. 

Merkel  §  again  describes  and  delineates  the  dilator  more  according  to  EdUiker^s  de- 
finition ;  he  does  not  speak  of  a  unif onn  and  continuous  layer,  such  as  Henle  saw, 
but  of  isolated  bundles,  which,  however,  are  situated,  as  Henle  described,  just  behind 
the  pigment. 

Dogiel  I  describes  a  muscle,  which  conforms  with  the  descriptions  given  by  Brttcke 
and  Kolliker ;  it  arises  at  the  sphincter  on  the  anterior  surface  of  the  iris,  and,  divid- 
ing into  separate  bundles,  takes  a  course  between  the  vessels  from  within  outwards 
to  be  inserted  into  the  ciliary  ring. 

In  consideration  of  these  differences  of  opinion  I  called  upon  Mr.  Jeropheef  to  in- 
vestigate the  dilator  in  Man.  The  results  of  this  investigation  are  imparted  above  ; 
they  agree  entirely  with  the  description  given  by  Henle.  Mr.  Jeropheef,  moreover, 
has  succeeded  in  discovering  the  circular  bundles  at  the  ciliaiy  margin. 

The  nerves  of  the  Human  iris,  owing  to  the  great  difficulties  which  attend 
their  examination,  have  been  up  to  the  present  time  very  unsatisfactorily 

*  Hdndbuch  der  O&webdehre  des  Menachen,    1867,  g  667. 

tffandb.  d.  iyatem.  Anat,  des  Mensehen.     Bd.  ii,  p.  635. 
SUeunosber.  d.  k.  Acad.  d.  Wtssentoh,,  1  Abth.  1868. 
Zeiteehr.f.  rat.  Med.,  xxxi.,  xxxiv. 
Arcfmf&r  mikr.  Anat.,  Bd.  vi.  p.  96, 
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investigatecL  The  best  researches  on  this  subject  are  by  Arnold ;  *  and  these 
in  fact  relate  only  to  the  nerves  of  the  Rabbit. 

The  nerves  of  the  iris  are  branches  of  the  ciliary  nerves  of  the  choroid. 
After  they  arrive  at  the  iris  they  divide  dichotomously  in  its  external  zone, 
form  loops,  and  are  finally  resolved  into  a  plexus  consisting  of  nerve-truiiks 
of  medium  size.  In  this  plexus  may  be  remarked  an  interchange  of  the 
fibres  of  the  nerve-trunks,  thus  calling  to  mind  the  arrangement  of  Qie  fibres 
in  the  chiasma  nerv.  opticorum. 

From  these  points  of  intersection  three  kinds  of  nerve-fibrils  take  their 
origin :  a,  pale  fibres,  in  all  probability  belonging  to  the  sympatheticus,  which 
take  their  course  toward  the  posterior  surface  of  the  iris  (consequently  to- 
ward the  dilator),  and  upon  it  form  an  exceedingly  fine  plexus ;  5,  medullated 
fibres,  which  advance  to  the  anterior  surface,  and  there  are  resolved  into  a 
compact  network  of  fine  fibres ;  these  are  the  sensitive  fibres  of  the  iris;  c, 
finally,  a  third  plexus  is  distributed  within  the  sphincter ;  its  delicate  fibres 
are  for  the  most  part  motor. 

The  vessels,  muscles,  and  nerves  lie  embedded  in  a  stroma^  which  consists 
mostly  of  connective-tissue  fibrils  and  cells.  The  connective  tissue  accom- 
panies the  vessels  in  the  form  of  thin  fibrils ;  also  in  the  spaces  between 
the  vessels  fibres  are  to  be  found,  which  generally  take  a  longitudinal 
direction. 

In  black  eyes  the  principal  part  of  the  stroma  consists  of  stellate  pigment- 
cells,  conmiunicating  with  one  another  by  frequent  anastomoses.  These  cells 
are  most  numerous  in  the  more  superficial  layers  of  the  iris.  In  addition 
to  these,  many  round,  strongly  pigmented  cells  are  fotmd  lying  free  in  the 
stroma  of  black  eyes. 

In  light  eyes  stellate  unpigmented  cells  with  long,  thin  processes  are  to 
be  found,  and  also  a  great  number  of  round  cells  resembling  the  lymph-cells. 


III.    THE  BLOOD-VESSELS  OF  THE  EYE. 
By  Th.  LEBER. 

The  blood-vessels  of  the  eyeball  form  two  almost  entirely  separate  systems, 
the  system  of  retirud  vessels^  and  the  system  of  choroidal  or  ciliary  veuds^ 
which  communicate  with  one  another  only  by  a  number  of  small  branches 
at  the  entrance  of  the  optic  nerve. 

The  system  of  retiTud  vessels  supplies  besides  the  retina,  also  a  portion  of 
the  trunk  of  the  optic  nerve ;  the  system  of  ciliary  vessels j  besides  the  cho- 
roidal tract  (choroid,  ciliary  body,  and  iris),  also  the  sclerotic,  the  corneal 
margin,  and  that  portion  of  the  scleral  conjunctiva  which  is  adjacent  to  the 
latter. 

The  remaining  portion  of  the  conjunctiva  receives  special  vessels,  which 
arise  from  those  of  the  eyelid,  and  form  the  system  of  conjunctival  vessds. 

*  Arehiv.  fur  path.  Anat.  und  FhysioL,  Bd.  xxvlL  :  '*  Ueber  die  Nenren  nnd  du 
Epithel  der  Iris.**^ 
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I. — ^Yasgulab  System  of  the  Retina. 

The  vascular  sjstem  of  tlie  retina  is  derived  from  the  arteria  and  vena 
centralis  retinse.  The  artery  is  one  of  the  first  branches  of  the  ophthalmic, 
and  enters  the  trunk  of  the  optic  nerve  diagonally  at  a  distance  of  15-20 
mm.  from  the  eye ;  the  vein  leaves  the  nerve  at  a  point  somewhat  nearer. 
The  latter  as  a  rule  empties  directly  into  the  sinus  cavemosus,  but  generally 
first  undergoes  an  abtindant  anastomosis  with  the  ophthalmica  sup.,  into 
which  it  sometimes  immediately  oi>ens ;  it  rarely  terminates  in  the  ophthal- 
mica inf.*^  The  central  artery  and  vein  of  the  retina  run  alongside  of  one 
another,  and  surrounded  by  a  certain  amount  of  connective  tissue,  in  the  axis 
of  the  opticus,  as  far  as  its  intraocular  end.  During  this  course  they  dis- 
tribute to  the  trunk  of  the  nerve  small  branches,  which  take  their  course  in 
the  network  of  connective  tissue  surrounding  the  nerve-bundles. 

Besides  the  branches  of  the  central  vessels,  the  optic  nerve  receives  also 
numerous  twigs  from  the  vessels  of  the  inner  sheath,/ (the  true  neurolenmia 
of  the  nerve^,  and  also  from  those  of  the  outer  sheath,  g^  although  in  less 
numbers.  Tnese  vessels  are  branches  of  the  ophthalmic  and  its  first  divi- 
sions. The  intercranial  portion  of  the  optic  nerve,  the  chiasma,  and  the 
tractus  are  suppUed  by  the  vessels  of  the  pia  mater  and  the  brain,  which 
are  distributed  to  this  region  of  the  cranial  cavity,  and  whose  ramifications 
are  in  communication  with  the  vessels  of  the  intraorbital  portion  of  the 
nerve. 

At  its  entrance  into  the  eye  the  optic  nerve  receives  also  branches 
from  certain  (2-3)  of  the  short  ciliary  arteries,  h  These  form,  in  the  scle- 
rotic, a  complete  vascular  zone,  surrounding  the  optic-nerve  entrance  (the 
zone  of  Zinn  or  Haller  f),  which  sends  numerous  fine  twigs  into  the  optic 
nerve,  to  anastomose  with  the  branches  of  the  central  artery. 

There  are  no  veins  corresponding  to  these  branches  of  the  ciliary  arteries ; 
on  the  contrary,  the  finer  arteries,  veins,  and  capillaries  of  the  dioroid,  at 
the  margin  of  the  optic  nerve,  are  directly  continuous  with  the  correspond- 
ing vessels  of  the  papilla  and  the  internal  sheath  of  the  nerve,  so  that  at 
this  place  there  exists  quite  an  intimate  connection  between  the  retinal  and 
ciliary  vascular  systems,  h. 

No  other  connection  between  these  two  vascular  systems  exists ;  at  the 
ora  serrata  all  the  retinal  vessels  termioate  in  capillary  loops,  without  com- 
municating in  any  way  with  the  vessels  of  the  choroid. 

The  central  vessels  traverse  the  axis  of  the  optic  nerve  as  far  as  the  sur- 
face of  the  papilla,  at  which  point,  or  rather  just  before  reaching  it,  they 
divide  into  their  principal  branches.  The  division  takes  place  dichoto- 
mously,  and  the  vein  generally  divides  somewhat  sooner  than  the  artery. 
The  principal  branch  of  the  artery  as  well  as  of  the  vein  takes  its  course  up- 
wards, the  other  downwards,  soon  to  divide  again  into  two  diverging  branches. 
The  veins  often  accompany,  or  at  least  are  not  far  from,  the  larger  branches 
of  the  arteries ;  the  latter  are  finer  than  the  corresponding  veins.  Moreover, 
the  individual  differences  presented  in  the  course  of  the  vessels  are  quite 
numerous.  A  large  vessel  is  never  seen  to  take  its  course  directly  toward  the 

*  Walter,  De  venu  ceuU,  BeroL,  1778.  Sesemann,  '*  die  Orbitalvenen  des  Menschen 
ond  ihr  Znfiammenhanff  mitden  oberflachlichen  Venen  des  Kopfes.'*  Reichert  und  Dn 
Bois'  ArMv,  1869,  p.  S. 

t  Illastratioiifl  to  be  found  in  Jager,*  Ueber  die  Ei7itteUu7igen  des  dioptr.  Apparaia, 
Wien,  1861,  Tat  la  Fig.  84r^6  ;  and  Th.  Leber,  ''  Anat.  Unters.  ttber  die  Blutgefasse 
des  menschl.  Augea"    Bmkaehr,  d,  Wiener  Ajiod.^  Bd.  xxiv.  Taf.  iv. 
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temporal  region  across  the  macula  lutea  (or  only  in  very  exceptional  eases, 
Mauthner) ;  all  the  larger  vessels  pass  around  tlie  yellow  spot  in  curves  to 
reach  the  peripheral  portions  of  the  retina,  and  send  from  all  sides  only 
the  smaller  vessels  to  the  macula; •similar  small  vessels  also  pass  directly 

Fig.  883. 


Fig.  888.  Diagrammatic  repreteatation  of  the  eourse  of  the  wseeb  in  the  eye.  Horiion- 
tal  section.  Veins  black.  Arteries  light,  a,  art  dl.  post  br. ;  6,  art  ciL  pott  l<»ig. ; 
cc\  art.  and  van.  ciL  ant ;  dff,  art.  and  van.  oonj.  post ;  ee^,  art.  and  yen.  oentr.  ret ; 
^,  vessels  of  the  internal,  g,  of  the  external  optic  sheath ;  A,  ven.  vort ;  t\  yen.  ciL 
p€«t.  brev. ;  k,  branch  of  art.  dl.  poet  brey.  to  the  opticas ;  2,  anastomosis  of  cho- 
roidal vessels  with  those  of  the  opticas ;  m,  choiio-capillaris ;  t^  episdend  bzanohsB;^, 
art  recorrens  chor. ;  p,  circ.  art  irid.  maj.  (transverse  section) ;  g,  vessels  of  the  iiiB ; 
r,  ciliary  process;  «,  branch  of  yen.  yort.  fronl  the  ciliary  mascle :  <,  branch  of  ant 
ciliary  vein  from  the  ciliary  masde ;  u,  drc.  venosas ;  «,  plexos  of  tne  oomaal  mannn; 
IT,  art.  and  yen.  oonj.  ant. 
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thither  from  the  papilla.  These  supply  the  macula,  but  terminate  all  to- 
gether in  capillary  loops,  at  the  margin  of  the  fovea  centralis,  so  that  this 
latter  is  entirely  without  vessels. 

The  capillary  network  of  the  retina  is  distinguished  from  that  of  the 
choroid  by  much  wider  meshes;  the  capillaries  themselves  are  finer, 
and  possess  very  thin  walls,  llie  ramifications  of  the  vessels  of  the 
retina  have  a  great  similarity  with  those  of  the  central  organs  of  the 
nervous  system.  According  to  His,  perivascular  lymph-spaces,  similar  to 
those  of  the  vessels  of  the  brain  and  spinal  cord,  are  to  be  found  surround- 
ing the  vessels  of  the  retina. 

The  coarser  branches  of  the  central  vessels  all  lie  in  the  nerve-fibre- 
layer  of  the  retina,  and  the  more  external  or  peripheric  the  layer,  the 
smaller  will  be  the  vessels  to  be  found  in  it.  The  vessels  reach  as  far 
as  the  intergranular  layer;  the  layer  of  external  granules  and  the  rod- 
layer  are,  like  the  fovea  centralis,  devoid  of  vessels. 

In  the  f  oBtoB  the  central  artery  gives  out  also  the  arteria  hyaloldea,  which  passes 
forwimls  from  the  pepdUa  of  the  optic  nerve,  throngh  a  canal  in  the  vitreons  body, 
to  the  iKwterior  sarfaoe  of  the  lens,  and  oovera  it  with  vessels.  This  has  already  com- 
pletely disappeared  at  the  time  of  birth,  and  only  in  rare  cases,  and  generally  in  an 
obliterated  oonditian,  is  the  artery  met  with  in  extra-uterine  life. 

In  many  animals  the  retinal  vessels  are  wanting,  or  are  distribnted'only  to  a  limited 
portion  of  the  retina^ 

In  Birds,  many  Amphibia,  and  Fishes  they  are  altogether  absent,  bnt  here  are  gen- 
erally, though  not  always,  represented  by  vessels  of  the  hyaloidea,  which  are  spread 
over  tiie  internal  snrface  of  ^e  retina  (Hnschke,  Hjrtl,  H.  Mtiller).  Among  Mam- 
malia, the  Babbit  has  vessels  oalj  in  that  portion  of  the  retina  which  is  distinguished 
by  medoUated  nerve  fibres.  In  the  retina  of  the  Horse  only  vezy  small  vessels  are  to  be 
found,  which  resolve  themselves  into  a  delicate  zone  of  oapillazy  loops,  not  more 
than  3-6  mm.  in  breadth.*  In  the  Guinea-pig  there  is  to  be  seen  with  the  oph- 
thalmoscope only  an  occasional  diminutive  vessel  on  the  papilla,  which  cannot  be  fol- 
lowed into  the  retina. 

II.   CiLIABT  OB  ChOBOIDAL  YaSCULAB   SySTEM. 

The  entire  choroidal  tract,  the  sclerotic  with  the  corneal  margin,  and  the 
adjacent  scleral  conjunctiva  are  supplied  by  the  so-called  ciliary  vessels. 
These  are  as  follows : — 

a,  Arteries. 

1.  The  thori  posterior  ciliary  arterieSy  art.  dl.  post.  brev.  figs.  333  and 
334,  0,  4-6  small  twigs,  which  arise  from  the  ophthalmica  or  its  first 
bitmches.  They  divide,  as  they  follow  the  trunk  of  the  optic  nerve,  into  a 
large  number  of  branches,  which  (about  20  in  number)  pierce  the  posterior 
portion  of  the  sclerotic,  and  pass  from  without  inwards  in  a  pretty  direct 
course.  The  most  numerous  and  largest  branches  enter  in  the  vicinity  of 
the  posterior  pole  of  the  eye;  a  smaller  number  pass  to  the  inside  of  the 
insertion,  and  in  the  immediate  neighborhood  of  the  opticus.  These  are 
also  generally  of  less  calibre,  and  some  of  them  give  off,  at  the  nerve- 
entrance,  the  branches  already  mentioned  above. 

2.  The  long  posterior  eUia/ry  arteries,  art.  dl.  post,  long.,  &.  Their  origin 
is  the  same  as  that  of  the  diort  dliary  arteries ;  they  perforate,  two  in 
number,  the  sderotic,  somewhat  further  forward  than  the  latter,  in  the  hor- 

«H.  MWer,  <'Nobi  fiber  die  NetzhautgefSsse  bd  manohen  Thiexen."  WUrab. 
fuaurw.  2!eit$cfyr,yii,  p.  64. 
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izontal  meridiaii  of  the  eye — one  on  the  medial,  the  other  on  the  lateral 
side.  Their  passage  through  the  sclerotic  is  yery  diagonal,  so  that  the 
artery  runs  in  a  scleral  canal  as  much  as  4  mm.  in  length. 

3.     The  ant&riar  ciliary  arteries^  art.  cil.  ant.,  c,  which  are  not  direct 
branches  of  the  ophthalmica,  but  arise  from  the  arteries  of  the  four  recti 

Fig.  834. 


Fig.  334.  ParUaUy  diagramimaUo  representation  of  the  course  of  the  vessels  in  ^ 
choroid.  A,  choroid  ;  By  smooth  portion  of  the  ciliary  body,  orbicoliu  ciliaris ;  C, 
ciliary  processes  (the  ciliary  muscle  removed) ;  J9,  ciliary  muscle ;  B^  iris;  a,  art  ciL 
post.  brey. ;  6,  i^.  cil.  post  long. ;  e^  art.  cil.  ant.;  c\  yen.  oil.  ant;  A,  ven.  TOrt. ; 
o,  art.  recurr.  chor. ;  p^  oirc.  art.  irid.  maj. 

muscles  of  the  eye.  Generally  two  arteries  arise  from  each  muscle,  but  only 
one  as  a  rule  from  the  rectus  extemus.  They  pass  over  to  the  sclerotic  at  the 
insertion  of  the  tendon,  take  a  rather  tortuous  course  towards  the  cornea, 
and,  after  giving  off  some  fine  superficial  branches,  pierce  the  sclerotic  with 
their  perforating  branches  in  an  oblique  direction,  not  far  from  the  margin 
of  the  camea. 

b,   ITie  veins  of  the  cUiary  vasciUar  system  are : — 

1.  The  so-called  venof  vorticosce^  h,  generally  four  in  number,  which  empty 
either  directly  into  the  ophthalmic  vein  or  into  the  muscular  branches.  Thej 
perforate  the  sclerotic  in  the  equatorial  region  in  the  sai&e  slanting  maimer 
as  the  long  ciliary  arteries.     Often  one  or  several  of  them  divide  before  en- 
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tering  the  sclerotic,  and  thus  the  number  of  perforating  vessels  is  increased 
to  six,  but  seldom  surpasses  that  number.  Divisions  also  occur  during  the 
passage  through  the  sclerotic  and  immediately  after,  so  that,  besides  the  4- 
5  larger  vessels,  a  varying  number  of  smaller  vessels  also  enter  the  choroid. 

2.  The  small  venulas  ct/.  post,  brev.y  fig.  333,  t,  like  the  arteries  of  the 
same  name,  enter  the  sclerotic  in  the  neighborhood  of  the  optic  nerve,  but 
correspond  only  to  the  scleral  branches  of  the  artery,  and  receive  no  branches 
from  the  choroid.  They  dre,  therefore,  much  less  numerous,  and  much 
smaller  than  the  corresponding  arteries. 

3.  The  vence  cU.  ant.  are,  like  the  arteries  of  the  same  name,  branches  of 
the  veins  of  the  recti  muscles,  but  are  smaller  than  the  arteries,  because  the 
territory  supplied  by  the  branches  of  their  perforating  twigs  is  much  more 
limited. 

There  are  no  veins  corresponding  to  the  course  of  the  arterisB  cil.  post, 
long. 

A.    The  Sclerotica 

receives  small  brsoiches  from  all  the  principal  vessels  which  have  been  de- 
scribed. These  are,  however,  not  numerous,  and  form,  especially  on  the 
surface,  a  coarse  network,  in  which  generally  two  veins,  one  on  each  side, 
accompany  each  artery.  The  episcleral  vessels  of  the  anterior  portions  of 
the  sclerotic  bordering  on  the  cornea  have  a  different  arrangement,  but 
these  will  be  described  hereafter,  in  connection  with  the  vessels  of  the  cor- 
neal margin  and  the  conjunctiva. 

B.    The  Choroid 

is  supplied  by  a  great  number  of  vessels,  which  ramify  and  interlace  in  its 
tissue  in  the  most  profuse  manner. 

This  abundant  vascular  development,  which  reaches  its  highest  point  in  the  ciliary 
prooeases,  appears  to  be  intended  to  secrete  the  fluid  which  maintains  the  intraocular 
tension,  since  this  would  otherwise  rapidly  diminish  by  oontinaoos  filtration  through 
the  waUs  of  the  eye.  Moreover,  the  choroidal  vessels  may,  perhaps,  be  destined  to 
nourish  the  external  unvasoular  layers  of  the  retina,  a  supposition  which  seems  the 
more  probable  since  in  many  animals,  as  has  been  already  stated,  the  entire  retina  is 
destitute  of  vessels,  in  whidi  case,  doubtless,  the  nutrition  must  take  place  through 
the  choroid. 

From  the  above  enumeration  of  the  vessels  of  the  ciliary  vascular  system, 
it  is  evident  that  the  arteries  and  veins  of  the  choroid  do  not  at  all  correspond. 
21ie  choroidal  tract^  in  so  far  as  relates  to  its  arterial  supply y  may  he  divided 
into  two  rather  distinct  regions  :  the  first ^  consisting  of  the  choroid  itself  re- 
ceives its  blood  by  the  short  posterior  ciliary  arteries;  the  second,  consisting  of 
the  cUiofry  body  and  iris^  is  supplied  by  the  long  posterior  and  the  anterior 
ciliary  arteries.  The  most  anterior  portion  of  the  choroid  receives  also  a 
number  of  recurrent  twigs  from  the  anterior  region,  and  thus  is  formed  a 
communication  between  the  two  arterial  regions. 

The  arrangement  of  the  veins  is  quite  different.  The  greater  part  of 
the  verums  llood  of  the  entire  choroid  (choroid,  ciliary  body,  and  iris)  has  a 
common  outlet  through  the  vence  vorticoscBy  arid  only  a  portion  of  the  blood 
from  the  ciliary  mrisde  discharges  itseif  by  the  smaU  anterior  cUiary  veins^ 
BO  that  this  anterior  outlet  is  far  less  important  than  the  other. 
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1.    Abteries  of  the  Choroid. 

The  branches  of  the  short  ciliary  arteries  lie  in  the  posterior  region  of  the 
choroid,  at  first  in  the  most  supei^cial  layer  of  this  membrane,  surrounded 
by  some  loose,  and  generally  darkly  pigmented  tissue.  During  the  first  part 
of  their  passage  forwards  they  follow  a  very  tortuous  course,  and  then, 
always  dividing  dichotomously,  gradually  pass  into  the  deeper  layers  of  the 
choroid.  The  finest  branches  are  lost  in  the  capillary  plexus,  which  coyen 
the  entire  internal  surface  of  the  choroid,  the  so-called  chorio-capillaris.  The 
branches  which  pass  forwards  are  distinguished  from  the  veins  hj  their 
straighter  course,  while  the  finer  twigs  found  in  the  neighborhood  of  the  op- 
tic nerve  are,  like  the  veins,  quite  tortuous.  This  circumstance,  and  the  great 
number  of  vessels  in  this  region,  account  for  the  fact,  that  in  well-injected 
preparations  we  here  meet  with  an  almost  irresolvable  maze  of  fine  vessek 

Besides  the  branches  which  are  resolved  into  capillaries,  there  are  no 
other  branches  which  are  directly  continuous  with  the  veins,  as  was  formerly 
supposed.*  This  opinion  was  based  upon  deceptive  appearances,  which 
might  easily  have  presented  themselves  with  the  use  of  the  old-fashioned 
opaque  injection-substances,  but  which  may  be  avoided  with  the  use  of  the 
transparent  coloring  fluids,  f 

The  short  ciliary  arteries  are  completely  lost  in  the  capillary  network  of 
the  choroid,  and  give  off  no  branches  further  forwards  to  the  ciliary  body 
and  iris.  The  former  supposition,  with  regard  to  the  existence  of  BVL(k 
branches,  depended  on  a  confusion  with  veins  passing  from  the  ciliary  body 
to  the  ven«  vorticosee.  On  the  contrary,  the  most  anterior  portion  of  the 
choroid  receives  a  nxLmher  of  recurrent  brancheal  from  the  long  posterior  and 
anterior  ciliary  arteries.  These  run  backwards  in  varying  number  and  size, 
and  at  wide  intervals,  between  the  numerous  parallel  veins  of  the  orbiculua 
ciliaris,  and  supply  the  foremost  regions  of  the  choroid  with  capillarieB, 
anastomosing  in  part  with  the  terminal  branches  of  the  short  posterior  cil- 
iary arteries. 

The  capiUary  network  covers  continuously  the  entire  inner  surface  of  the 
choroid,  from  the  optic-nerve  entrance  to  the  mai^gin  of  the  orbiculus  cil- 
.  iaris  (which  corresponds  to  the  ora  serrata  of  the  retina),  and  terminates 
here  with  an  irregular  indentated  border.  Its  meshes  are,  in  the  vicinity  of 
the  optic  nerve,  irregularly  round  and  very  fine,  but  become  more  elongated 
in  proportion  to  the  distance  from  the  nerve;  the  longitudinal  diameter 
finally  becomes  8-10  times  as  great  as  the  lateral  diameter ;  also  the  diam- 
eter of  the  capillaries  themselves  increases  at  the  same  time. 

In  the  orbicularis  ciliaris  there  are  no  true  capillaries. 

2.  Arteries  of  the  Ciliary  Body  and  Iris. 

The  two  long  posterior  ciliary  arteries,  after  their  passage  through  the 
sclerotic,  run  on  the  external  suidEaoe  of  the  choroid  in  a  horizontal  direction 

*  Breicke,  Anatomische  Bes^reibung  dea  memehHehen  Augapfeie,  Beijxn,  1847,  p. 
14. 

t  Th.  Leber,  "  Anat.  TJntera.  liber  die  BlutgefSase  des  menschl.  Anges/'  Iknkichr, 
derAkad.  tu  Wierij  xxiv.  Math.  natw.  CL  p.  301.  Deia,  *'UnteiB.  fiber  denVer- 
lauf  and  ZoBammenhang  dor  Geffisse  im  menschL  Aoge.^    A.  fur  O.^tL  1,  p.  15. 

X  These  reoarrent  branches  were  fiiat  described  and  drawn  by  Haller  {Tab.  ar^ 
ocul.y  Tab.  vi  fig.  4),  and  by  Zinn  (Deaer,  anat.  oo.  hwn.j  ed.  ab  H.  A.  Wzisbexgry 
Goett.,  1780,  p.  89),  but  were  afterwards  forgotten,  until  I  discovered  them  again 
(loa  dt.,  p.  303  u.  806.  Taf.  ii.  12.) 
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forwards  to  the  ciliary  muscle,  without  giving  oif  any  branches.  Here  they 
divide  into  two  branches,  which  separate  obliquely  from  one  another  and 
penetrate  the  substance  of  the  muscle ;  arrived  at  its  anterior  end,  they  bend 
around  in  a  perfectly  circular  direction,  so  that  both  branches  of  each  arcery 
meet  each  other  in  the  circumference  of  the  eye.  The  circular  plexus  of 
vessels  thus  formed  is  completed  by  branches  of  the  anterior  ciliary  arteries, 
which  pass  directly  from  the  sclerotic  to  the  ciliary  muscle.  Thus  is  formed 
at  the  anterior  border  of  the  muscle  a  complete  arterial  circle,  the  circtUvs 
arteriosus  majoTy  which  supplies  especially  the  iris  and  ciliary  processes, 
while  the  arteries  of  the  ciEary  muscles  and  the  rami  recurrantes  of -the 
choroid  may  be  derived  not  only  from  it,  but  also  directly  from  the  ciliary 
arteries. 

In  many  aninnftls  in  whom  the  ciliary  prooesses  are  situated  farther  forward  on  the 
posterior  surface  of  the  iris,  for  instaace,  in  the  Babbit,  the  circulus  irid.  maj.  does  not 
lie  in  the  ciliary  muscle,  but  in  the  iris,  at  a  short  distance  from  the  ciliaiy  margin. 

Besides  the  circulus  irid.  major,  the  long  and  anterior  ciliary  arteries  form, 
farther  back  in  the  ciliary  muscle,  an  incomplete  circle  of  anastomosis. 

The  arteries  of  tlie  cUlary  musde  divide  in  an  arborescent  manner,  thus 
following  the 'Course  of  the  muscular  bundles,  and  display  a  rather  dense, 
trellis-like  capillary  plexus,  which  differs  essentially  from  the  network  of 
the  subjacent  ciliary  processes. 

The  arteries  of  the  ciliary  processes  are  derived  from  the  circulus  irid. 
maj.,  and  must,  therefore,  like  those  of  the  iris,  all  previously  pass  through 
the  ciliary  muscle.  They  are  small  trunks  which  are  quickly  resolved  into 
a  great  multitude  of  branches,  which  inosculate  freely  with  one  another,  and, 
gradually  enlarging,  pass  over  into  the  commencements  of  the  veins.  These 
capillary  veins  form  by  abundant  anastomoses  a  highly  developed  vascular 
plexus,  which  makes  up  the  principal  part  of  the  ciliaiy  processes. 

The  great  mcrease  of  the  sorface  by  numerous  larger  and  smaller  elevations  and 
groove-like  depressions,  the  greater  width  of  the  capillary  veins,  the  consequent  delay 
in  the  current  of  the  blood,  and  the  thinness  of  the  vessel-walls,  combine  to  make  the 
ciliary  prooesses  the  principal  secreting  organ  of  the  fluids  of  the  eye. 

The  arteries  of  the  iris  arise  as  numerous,  somewhat  tortuous  trunks  from 
the  anterior  border  of  the  circ.  art.  major,  and  divide  up  dichotomously  in  the 
substance  of  the  iris.  Their  walls  are  very  thick  in  comparison  with  their 
calibre.  Their  branches  are  distinguished  from  the  colored  tissue  of  the  iris 
as  radiating  and  plexiform  anastomosing  lines  on  its  surface ;  in  albinos  only 
the  color  of  the  blood  shines  through  the  walls.  Not  far  from  the  pupillary 
margin  the  arteries  form  a  second  circle  of  anastomosis,  the  so-called  circu- 
lus irid.  minor. 

The  capillary  network  of  the  iris  is  much  more  widely  meshed  than  that 
of  the  choroid  ;  at  the  pupillary  margin  the  finest  arteries  terminate  in  loops 
and  are  continuous  with  the  beginnings  of  the  veins.  The  sphincter  pupillee 
is  traversed  by  a  special,  finer  capillary  plexus. 

3.  Veins  op  the  Choroid.. 

The  vefME  vorHcoscBy  /^,  generally  4-6  larger,  and  often  a  varying  number 

of  smaller  vessels  in  addition  (perhaps  ten  in  all),  are  distinguished  by  the 

spiral  course  of  their  branches,  which  i*adiate  in  all  directions.     The  smaller 

vessels  form  incomplete  vortices,  since  they  do  not  receive  branches  from  all 
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directions.  The  larger  ones,  on  the  other  hand,  receive  branches  on  all  sides 
from  the  true  choroid,  the  ciliary  body,  and  the  iris.  Their  ramifications 
form  very  numerous  anastomoses,  and  cross  the  straighter  ciliary  arteries 
generally  at  very  acute  angles.  Each  vortex  forms  with  its  neighbor  in  the 
posterior  regions  of  the  choroid  looped  anastomoses,  which  often  receive  also 
a  number  of  straighter  branches  from  the  anterior  portions  of  the  eye.  The 
veins  of  the  iris,  the  ciliary  processes,  and  a  portion  of  the  veins  of  the  ciliary 
muscle  run  backwards  as  numerous  parallel  and  freely  anastomosing  vessels 
of  about  equal  size,  through  the  orbiculus  ciliaris  (smooth  portion  of  the 
ciliary  body)  to  the  choroid.  Within  the  limits  of  the  ciliary  body  they  all 
lie  on  the  inner  surface  of  the  membrane,  and  only  after  crossing  the  on 
serrata  pass  to  the  external  surface  of  the  choroid.  They  unite  gradually  to 
form  still  larger  vessels,  and,  arrived  within  the  choroid,  combine  in  trunks 
which  represent  the  proximate  branches  of  the  vense  vorticosie. 

These  parallel  veins  of  the  orbiculns  ciliaris,  between  which  nm  at  wide  interrals 
the  arterisQ  recurrent. ,  were  formerly  for  the  moat  part  taken  for  arteries,  and  gave 
occasion  to  the  acceptance  of  the  so-caUed  anterior  branches  of  the  art.  ciL  post, 
brev. 

Only  a  portion  of  the  veins  of  the  ciliary  muscle  are  united  in  the  small 
ven.  cil.  ant.,  (f^  which  perforate  the  sclerotic  in  the  vicinity  of  the  corneal 
margin,  and  empty  into  the  veins  of  the  recti  muscles. 

These  veins  are  in  communication  with  the  vascular  circle  of  veins,  «, 
which  lies  in  the  deepest  layer  of  the  sclerotic,  just  at  the  corneal  margin. 
This  circle  was  discovered  by  Schlemm,  and  is  generally  known  by  the  name 
canalis  Schlemmii;  it  is  also  called  circulus,  or  sinus  venosus  comeiB,andb7 
me  plexus  ciliaris  venasia,*  This  is  not  in  fact  a  simple  canal,  but  a  plexns- 
like  circle  of  veins  (Rougetf ),  which,  however,  in  diiierent  eyes,  and  in  dif- 
ferent regions  of  the  same  eye,  presents  a  somewhat  different  aspect  As  a 
rule,  we  doubtless  find  a  large,  flattened,  and  thin-walled  vein,  perhaps  ^  mm. 
in  breadth,  corresponding  to  the  usual  description ;  but  this  is  accompanied 
on  almost  all  sides  by  one  or  even  several  small  veins,  which  branch  off  from 
it,  and  after  a  short  course  unite  with  it  again.  In  many  places  the  larger 
vein  may  divide  into  two,  three,  or  more  corresponding  smaller  veins,  which 
anastomose  with  one  another  and  gradually  unite  again  to  form  a  larger 
vessel.  Very  often  the  two  branches  formed  by  this  division  unite  again 
immediately,  so  that  in  the  course  of  the  broad  vein  a  little  island,  so  to 
speak,  is  enclosed.  More  seldom  we  find  a  larger  number  (5-7)  of  smaller 
separate  veins,  freely  anastomosing  with  one  another,  and  running  alongside 
of  or  partially  overlapping  one  another,  so  as  to  form  a  beautiful  plexus, 
which,  however,  gradually  resolves  itself  again  into  a  single  larger  vessel. 

The  plexiform  character  of  the  vascular  circle  is  not  equally  developed  in 
all  eyes ;  it  presents  itself  especially  at  those  points  of  the  circumference 
where  the  veins  proceeding  from  the  ciliary  muscle  unite  with  it.  These  at 
the  anterior  end  of  the  muscle  pass  to  the  inner  surface  of  the  sclerotic  (in 
one  case  I  counted  12-14  of  them),  and  separate  in  the  vicinity  of  the  ve- 
nous circle  into  several  anastomosing  branches,  a  part  of  which  perforate  the 
sclerotic  diagonally  to  join  the  episcleral  venous  plexus  (see  below)  and  the 
veins  of  the  recti  muscles,  and  a  part  empty  into  the  circulus  venosus.  The 
latter  often  appears  to  be  widened  at  these  points,  being  directly  continaons 

*  Loa  oit,  p.  19,  AhbOdung,  Taf.  iii,  mid  A.  f.  0.,  xl  1,  Taf.  it  fig.  3. 
t  Eoug«t,  Ootnpt.  rend.y  et  Mem,  delaSoe.  de  Biologie,  1856,  p.  118. 
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with  the  venoua  network  of  the  ciliary  muscle,  or  it  presents  a  circular  plexus 
of  veins. 

In  perpendicular  sections  through  the  region  of  the  corneal  margin,  es- 
pecially in  injected  preparations,  we  almost  always  find  near  the  one  large 
vessel  one  or  more  smaller  ones,  or  we  may  find  two  or  more  vessels  which 
not  infrequently  anastomose  with  one  another. 

The  venous  circle  of  Schlemm  appears  to  present  a  kind  of  reservoir  for 
the  blood  of  the  ciliary  muscle  when  it  is  in  a  state  of  contraction.  In 
view  of  its  situation,  the  contraction  of  the  muscle  might  easily  cause  an  ex- 
pansion of  its  vessels. 

In  most  animals  a  circular  venous  plexus  is  found  in  the  corresponding 
place  (Bouget,  G.  Meyer,  Iwanoff,  and  Rollett). 

In  the  above  I  think  I  have  avoided  the  reproach  which  Henle*  cast  upon 
my  former  description,  namely,  that  I  placed  too  much  stress  upon  the 
plexiform  character  of  the  circulus  venosus.  I  was  never  of  the  opinion,  as 
Henlef  seems  to  think,  that  the  circle  was  everywhere  made  up  of  a  large 
number  of  smaller  vessels. 

The  confounding  of  the  circulus  venos.  with  the  so-called  canal  of  Fon- 
tana  (which  occurs  in  the  Ox,  but  not  in  Man)  gave  occasion  to  great  per- 
plexity in  former  times,  and  more  recently  led  PelechinJ  also  into  error ; 
this  mistake  was  long  ago  corrected  by  BriLcke§  and  Ilouget,||  and  lately  by 
Iwanoff  and  Kollett.^ 

An  analogue  of  the  peculiar  areolar  tissue  which  occupies  the  space  of 
Fontana  exists,  according  to  these  authors,  also  in  Man,  although  to  a  much 
less  extent ;  this  is  the  so-called  ligamentum  pectinatum,  which  extends  from 
the  edge  of  the  membrane  of  Descemet  across  the  circulus  venosus  to  the  in- 
sertion of  the  ciliary  muscle  and  the  origin  of  the  iris. 

The  circ.  venos.  in  Man  may  be  injected  from  the  vessels  of  the  arteria  as 
well  as  the  vena  ophthalmica,**  although  not  easily  without  extravasations. 
The  plexiform  character  of  the  venous  circle  may  be  more  or  less  hidden  by 
such  extravasations,  but  these  may  be  easily  recognized  by  the  absence  of 
sharp  borders.  Extravasations  tiike  place  even  more  easily  by  the  old 
method  of  injection  by  puncture,  in  which  quicksilver  was  generally  used. 
Kevertheless,  I  have  recently  found  that  injections  of  glycerine  colored 
with  Berlin  blue  made  in  this  way  fill  the  venous  circle  with  the  greatest 
ease,  and,  in  part  at  least,  without  extravasations ;  the  injection-mass  also 
passes  into  the  finest  ramifications  of  the  episcleral  veins  and  those  of  the 
ciliary  muscle,  even  with  moderate  pressure. 

These  experiences  with  injections,  the  occasional  containing  of  blood  in 
the  cadaver,  especially  in  those  who  have  died  by  hanging  (Schlemm),  and 
the  existence  of  a  thin  vessel-wall,  which  may  be  easily  demonstrated  in 
cross-sections,  ought,  when  taken  together,  to  be  considered  conclusive  proof 

•  Jahretther.  Hber  d.  ForUdhr.  d,  Anat.  pr.  1885.  Zeitsehr.  f.  rat.  Med,  3,  xxvil  p. 
96-97. 

'  Bdndlnich  d.  Anat. ,  iii.  1  (Gefasslehre),  p.  344  in  der  Note. 

::  '•*  Ueber  den  sog.  Kanal  von  Fontana  od.  Schlemm,"  im  A.  f.  0.,  xiiL  2,  p.  425. 

'  \  Anat.  Besehr.  d.  mengchl  Augapf.,  p.  52  and  53. 
Loo.  cit.,  p.  117. 

^  [  Iwanoff  and  Rollett,  *^  Bemerk.  zur  Anat.  d.  Iiisanheftang,"  etc.,  Arch,  f  OphtJi.^ 
XV.  1,  p.  23. 

**  If  this  did  not  saooeed  with  Pelechin  (loo.  dt.,  p.  440),  I  can  only  mention  in  op- 
position my  own  ezpeiienoe,  aooording  to  which  the  filling  of  the  oiro.  venosL  is  the 
mle  in  injections  otherwise  suooeflsfol. 
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of  the  vascular  nature  of  the  circulus  venosus ;  though  this  is  still  doubted* 
by  many. 

0.  The  Corneal  Margin. 

On  the  anterior  portion  of  the  sclerotic,  where  it  is  covered  with  conjunc- 
tiva, as  far  forward  as  the  corneal  margin,  two  vascular  layers  may  be 
distinguished  :  a  deep  episcleral  or  subconjunctival  layer,  formed  by  the 
ramifications  of  the  anterior  ciliary  vessels,  and  a  superficial  or  conjunctival 
layer  of  vessels,  which  communicates  with  the  former  only  at  the  margin  of 
the  cornea. 

The  anterior  cUia/ry  arteries^  after  their  departure  from  the  muscle,  usually 
take  a  very  tortuous  course  toward  the  corneal  margin,  gi^'ing  off  a  number 
of  fine  episcleral  branches,  while  their  principal  branches  perforate  tbe 
sclerotic.  As  a  rule,  two  vessels  arise  from  each  muscle,  but  from  the  rec- 
tus ext.  generally  only  one.  In  many  cases  an  artery  arises  from  the  palpe- 
bral vessels  on  the  lateral  side  and  takes  its  course  in  the  conjunctiva,  to 
pass  through  the  sclerotic  only  at  a  short  distance  from  the  corneal  margin. 

The  anterior  ciliary  veins  are  distinguished  from  the  arteries  by  their 
inferior  size  (since  the  perforating  branches  are  much  smaller),  and  by  the 
straighter  course  of  their  more  important  branches.  Their  episcleral 
branches,  on  the  contrary,  surpass  those  of  the  arteries  in  thickness,  accord- 
ing to  the  rule  in  cases  where  the  region  of  ramification  is  the  same.  They 
are  bound  together  by  a  highly  developed  network  of  tine  veins  with  rather 
close  polygonal  meshes,  which,  from  its  location,  has  received  the  name  of 
episcleral  venous  plexus,  and  which  surrounds  the  corneal  margin  for  a 
distance  of  about  4  mm. 

The  episcleral'  brandies  of  the  a/rtertes  and  veins  correspond  pretty  well  in 
their  ramifications ;  the  arteries  are  always  finer  and  take  a  straighter  courae 
than  the  veins,  thus  contrasting  with  the  relations  of  the  main  trunks. 

After  the  distribution  of  Bmall  twigs  to  the  sclerotic  they  pass  with  con- 
tinuous division  and  numerous  curved  communications  toward  the  margin 
of  the  cornea,  and  hei^  give  ofi^  at  regular  intervals,  fine  branches  to  the 
conjunctiva,  namely : 

The  anterior  conjunctival  a/rteries  and  veins.  These  curve  around,  and 
pass  backwards  to  supply  the  most  internal  zone  of  the  conjunctiva,  3-4 
mm.  in  breadth,  and  anastomose  with  the  peripheral  or  posterior  conjundi- 
vol  vessels.  The  veins  constantly  accompany  the  arteries  here,  one  upon 
either  side. 

The  ends  of  the  episcleral  vessels,  constantly  dividing  aiid  anastomosing, 
run  across  the  coi-neal  margin,  and  form  the  margirud  donpod  plexus  of  the 
cornea^  which  occupies  the  most  peripheral  zone  of  the  cornea  for  a  breadth 
of  1-2  mm.,  being  generally  somewhat  broader  above  and  below  than  at 
the  sides.  In  the  capillary  loops  may  be  distinguishea  a  smaller  ascending, 
arterial,  and  a  descending,  gradually  increasing,  venous  trunk. 

The  Human  cornea  contains  after  birth  no  vessels  wnich  penetrate  fuiher 
towards  its  centre. 

In  the  f oetas,  H.  MUller  found  vessels  over  the  entire  anterior  snif aoe  of  the  coinea. 
[n  many  animals,  for  instance,  in  Sheep  and  Oxen,  the  vessels,  even  in  the  adnlt  state, 

*  Just  after  writing-  these  lines  the  work  of  Schwalbe  appeared,  * '  TTebcr  die  Lymph- 
bahnen  des  Auges  und  ihre  Begfrenzung,"  in  the  second  part  of  which  (M.  Schult«e*i 
ArckiD,  vi.  p.  261-362),  the  author  declares  the  canal  of  Sohlemm  to  be  a  lymph- 
space,  and  separates  it  entirely  from  the  ciliary  plexus.  In  opposition  to  him  I  most 
support  the  opinion  above  expressed. 
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reach  mnch  farther  into  the  oomea.  In  the  Ox  one  may  clearly  distinguish  super- 
ficial marginal  loops  with  flat  arches  from  deeper  vascular  loops,  which  advance  much 
farther  into  the  cornea  in  company  with  the  nerves.  In  the  Sheep,  Ooccius  saw 
these  vessels  passing  as  far  as  the  middle  of  the  cornea. 

Newly-formed  vessels  very  often  maJce  their  appearance  in  keratitis;  they  m^y  be 
located  in  all  the  layers  of  tiie  cornea. 

III.  Vasculab  System  of  the  Conjunctiva. 

The  larger  peripheral  portion  of  the  scleral  conjunctiva,  the  palpebral 
folds,  and  the  tarsal  portions  of  the  conjunctiva  are  supplied  by  the  vessels 
of  the  lids,  the  arterise  palp.  med.  and  lat.,  and  their  corresponding  veins. 

A  number  of  small  arborescent  vessels,  art.  and  ven.  conj.  post.  fig.  1,  c^,  c?, 
pass  to  the  scleral  conjunctiva  at  the  palpebral  folds.  The  arteries,  like  the  an- 
terior conjunctival  vessels,  are  accompanied  in  their  ramifications  by  one  or 
two  veins.  Their  ends  anastomose  with  those  of  the  anterior  conjunctival 
vessels.  The  capillary  network  is  rather  loose,  but  becomes  finer  towards 
the  palpebral  folds,  and  reaches  its  highest  development  in  the  small  papil- 
lary elevations  of  the  tarsal  conjunctiva. 

The  posterior  conjunctival  vessels,  and  more  especially  the  veins,  are  visible  in  tne 
living  Human  eye  as  small  vessels  movable  with  the  conjunctiva,  and  are  to  be  dis- 
tinguished from  the  anterior  ciliary  arteries  not  only  by  their  course  but  also  by  their 
bright-red  color  and  their  inferior  calibre;  the  latter  have  more  of  a  carmine-red 
color,  and  are  not  movable  with  the  conjunctiva.  The  difference  in  color  is  caused 
by  the  fact  that  the  latter  vessels  are  covered  by  the  whitish,  cloudy  conjunctiva. 
The  anterior  conjunctival  vessels  are  scarcely  visible,  owing  to  their  fineness;  so 
also  the  anterior  ciliary  veins,  but  these  are  plainly  to  be  seen  when  the  eye  is  irritated, 
being  then  considerably  enlarged.  The  injection  of  the  episcleral  venous  network 
occasions  at  the  circumference  of  the  cornea  a  diffuse,  bluish-red  color,  which,  in 
pothological  conditions,  indicates  an  irritation  of  the  parts  supplied  by  the  ciliary  vas- 
onlar  ^stem,  namely,  of  the  uveal  tract  or  the  cornea. 


IV.    THE  LYMPHATICS  OF  THE  EYE. 

By  a.  SOHWALBE. 

The  lymph  formed  in  the  tissues  of  the  eye  passes  out  of  the  eyeball  in 
three  different  directions.  That  i>ortion  of  it  which  has  its  origin  in  the 
iris  and  ciliary  processes  is  at  first  collected  in  the  anterior  chamber  of 
the  eye,  which  has  its  outlet  in  the  vicinity  of  the  canal  of  Schlemm. 
The  canal  of  Petit  is  in  direct  communication  with  this  system.  We 
may  designate  these  passages,  including  the  lymphatics  of  the  conjunctiva, 
and  the  canaHcuU  of  the  cornea,  as  the  anterior  lymphatics  of  the  eye. 
All  the  portions  of  the  eye  posterior  to  the  ciliary  body  discharge  their 
lymph  by  two  other  ways ;  the  choroid  and  sclerotic  by  outlets  not  far  from 
the  points  of  exit  of  the  vense  vorticosae,  and  the  retina,  on  the  other 
hand,  by  an  independent  passage  within  the  optic  nerve.  These  two  latter 
systems  may  be  considered  as  the  posterior  lymphatics  of  the  eye,  and  to 
them  may  be  added  still  another  lymph-space,  which  is  situated  between 
the  two  sheaths  of  the  optic  nerve. 
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1.  The  Posterior  Lymphatics  of  the  Eye. 


Fig.  a85. 


-m.fdn 


a,   TKt  Oudetfar  the  Lymph  Formed  in  the  Choroid  cmd  Sclerotic, 

Lymphatic  vessels  are  as  little  to  be  found  in  the  true  tissue  of  the 
sclerotic  as  in  the  vascular  layer  of  the  choroid.  The  lymph  formed  in 
these  membranes  passes  first  into  two  large  fissure>like  spaces,  which  are 

in  dii*ect  communication  with  one  ano- 
ther (compare  fig.  335).  One  of  these 
spaces  (p)  is  to  be  found  between  the 
sclerotic  and  choroid  throughout  the 
whole  extent  of  these  membranes,  from 
the  ciliary  body  quite  to  the  vicinity 
of  the  entrance  of  the  optic  nerve 
into  the  bulbus.  This  has  been  called 
the  perichoroidal  spacCy  because  it 
surrounds  the  choroid.  In  Birds  it 
exists  in  the  form  of  a  fissure,  with 
two  smooth  wall»,  after  the  manner 
of  the  serous  cavities.  In  Mammalia 
there  are  generally  to  be  found  between 
the  two  membranes  numerous  bands 
of  connection,  which  in  many  eyes  (the 
Dog,  Man)  may  be  developed  into  a 
rich  network,  known  as  the  membrana 
eiiprachoroidea.  That  part  of  this 
tissue  which  remains  adherent  to  the 
sclerotic  when  the  choroid  is  torn  off 
is  called  also  lamina  fusca. 

The  structure  of  the  meshwork  of 
the  suprachoroidea  is  as  follows: — 
it  consists  of  numerous,  very  flat 
lamellae,  the  groundwork  of  which  is 
formed  by  a  rich  network  of  elastic 
fibres.  Closely  attached  to  this  net- 
work are  numerous^  very  flat,  more 
or  less  branched  pigment-cells,  which 
often,  when  many  lie  too  close  to- 
gether, assume  an  arrangement  similar 
to  that  of  epithelial  cells.  In  many 
animals,  in  the  Pig,  for  example,  some 
small,  flat,  colorless  cells  are  always 
to  be  found  with  the  pigment-cells. 
Both  sides  of  the  thus  jformed  elastic 
lamella,  or,  where  this  lies  close  against  the  sclerotic,  only  one  side,  are 
covered  by  a  very  thin,  transparent  membrane,  which  is  interspersed 
from  place  to  place  with  ellipsoidal  nuclei  projecting  above  the  level  of 
the  membrane.  If  these  membranes  are  treated  with  ^1  per  cent,  solutions 
of  nitrate  of  silver,  they  display  upon  their  surface  a  beautiful  network  of 
black,  silvered  lines,  in  which  each  mesh  corresponds  to  one  of  the 
ellipsoidal  nuclei.  The  elastic  lamell»  of  the  suprachoroidea  are  therefore 
covered  with  an  endothelium  which  diflers  but  little  fix)m  that  of  the 
other  lymph-passages.     This  may  be  demonstrated  as  well  on  the  external 


Fig.  335.  Diagrammatic  representa- 
tion of  the  posterior  lymphatics  of  the 
Pig*8  eye.  not  including  the  lymphatic 
vessels  of  the  retina.  On  the  left  is 
given  the  reUtion  of  the  muscular  ten- 
don, at  the  point  where  it  is  attached  to 
the  eyeball,  to  the  space  of  Tenon  (t) ; 
on  the  right  the  latter  is  represented 
alongside  of  the  insertion  of  the 
muscle.  The  explanation  of  most  of 
the  letters  is  to  be  found  in  the  text 
In  addition,  a  indicates  a  layer  of  fat 
between  the  musculus  retractor  and 
the  supravaginal  space ;  c,  the  conjunc- 
tiva ;  m,  r,  musculi  recti ;  tti,  retr. 
musculus  retractor  bulbi;  v,  external 
or  fibrous  aheath  of  the  optic  nerve. 
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Fig.  886. 


sorfiEU^e  of  the  cLoroid  as  on  the  internal  surface  of  the  sclerotic,  extend- 
ing continuously  throughout  the  entire  perichoroidal  cavity. 

When  injections  of  the  perichoroidal  space  are  made,  it  is  to  be  remarked 
that  the  injected  substance  passes  out  into  the  second  of  the  above-mention- 
ed fissure-like  lymph-spaces  at  four  points  on  the  surface  of  the  eye- 
ball, and  these  points  lie  just  behind  the  points  of  exit  of  the  venas  vor- 
ticosie.  A  more  careful  examination  of  &is  region  shows  that  the  lym- 
phatic vessel  at  first  surrounds  like  a  sheath  the  vein  as  it  passes  obliqiiely 
through  the  sclerotic  (fig.  336) ;  but  shortly  before  its  appearance  upon  the 
surface  of  the  eyeball  it  betakes  itself  quite  to  the  Tinder  and  inner  side  of 
this  blood-vessel.  Its  course  through  the  sclero- 
tica is  therefore  in  a  great  degree  perivascular. 
Arrived  on  the  surface  of  the  bulbus,  the  inject- 
ing substance  spreads  out  in  a  lymph-space,  which 
is  situated  between  the  sclerotic  and  the  fkscia  of 
Tenon,  and  which  may  be  designated  as  the  space 
of  Tenon  (fig.  335,  t).  This  is  lined  throughout 
with  an  endothelial  layer  of  cells  similar  to  those 
of  the  perichoroidal  space.  By  the  use  of  nitrate 
of  silver  a  network  of  black,  silvered  lines  may 
be  demonstrated  on  the  sui-face  of  the  sclerotic. 
At  those  places  where  the  muscles  are  attached 
to  the  eyeball,  the  space  of  Tenon  suffers  an 
interruption ;  it  is  not,  however,  continued  into 
the  sheath  of  the  tendon,  but  is  completely  shut 
off  in  this  direction.  In  the  Mammalia  it  is 
divided  into  an  anterior,  larger,  and  a  posterior, 
smaller,  section  by  the  musculus  retractor  bulbi 
(fig.  335,  w,  retr.) 

At  the  posterior  pole  of  the  eye,  about  the 
point  of  entrance  of  the  optic  nerve,  the  space  of 
Tenon  is  in  communication  with  another  lymph- 
space,  which  surrounds,  after  the  manner  of  a 
sheath,  the  external  fibrous  sheath  of  the  opticus, 
and  which,  from  its  situation,  may  be  called  the 
supravaginal  space  (fig.  335,  spv,)  This  space 
opens  finally  through  the  canalus  opticus  into  the 
arachnoidal  cavity  of  the  brain,  which  latter  is  in 
direct  communication  with  the  lymphatics  of  the 
neck,  as  is  demonstrated  by  injections  under  the  dura  mater. 


Fig.  836.  Diagrammatic 
drawing  representing  the 
passage  through  the  scle- 
rotio  of  a  vena  vorticosa. 
wi^h  its  perivascular  space, 
taken  from  eye  of  the  Pig. 
r,  retina  ;  ch,  choroid  ;  /x^, 
perichoroidal  space,  inject- 
ed ;  sel.  sclerotica ;  t,  space 
of  Tenon;  v,  vena  vorti- 
oosa. 


b,  2%e  Lymphatica  of  the  Retina, 

The  lymphatics  of  the  retina  surround  the  blood-vessels  of  this  membrane 
in  the  form  of  sheaths,  as  was  discovered  by  His  (7  and  8) :  they  are  peri- 
vascular canals  of  the  same  nature  as  those  which  were  demonstrated  by 
the  same  investigator  in  the  brain  and  spinal  cord.  The  veins  and  capil- 
laries are  surrounded  completely  by  these  lymphatic  sheaths,  while  the 
arteries  are  probably  accompanied  by  the  lymphatic  vessels  only  in  the 
form  of  strifiB.  An  injection  of  the  lymph-passages  of  the  retina  may 
be  accomplished  by  pressing  the  injecting  fiuid  into  the  blood-vessels 
with  great  force.  The  latter  are  thus  torn  at  some  points,  and  the  fluid 
spreads  from  these  rents  throughout  the  perivascular  canals.  The  outflow 
of  the  retinal  lymph  takes   place   through  the   lamina  ciibrosa  into  the 
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opticus.  Concerning  the  further  course  of  this  outlet  nothing  more  defi- 
nite is  known.  According  to  His,  the  external  portion  of  the  optic 
nerve  contains  a  rich  plexus  of  lymphatics,  which,  however,  no  longer 
assume  the  perivascular  arrangement. 

Probably,  also,  a  space  described  by  Henle  and  Merkel  (9),  which  lies 
between  the  limitans  interna  and  the  layer  of  optic-nerve  fibres,  is  ia 
connection  with  the  perivascular  canals  of  the  retina.  In  this  8[)aoe 
lymph  corpuscles  have  been  found,  but  injections  of  it  havo  not  proved 
successful. 

It  is  still  unknown  what  relation  the  tissue  of  the  vitreous  body  holds  to 
the  lymphatic  system.  Stilling  (11)  found  that  there  exists  in  the  Pig^8 
eye  a  central  canal  running  from  behind  forwards,  which  may  be  easily  filled 
with  carmine  solution  dropped  upon  the  posterior  surface  of  the  vitreous; 
this  space  he  holds  to  be  a  lymph  canal.  The  perivascular  canals  of  the 
Frog^s  hyaloidea,  described  by  Iwanoff  (10),  are  l^e  analogues  of  the  peri- 
vascular canals  of  the  mammalian  retina. 

c,  A  lymph  space,  which  has  no  connection  with  either  of  the  systems  just 
described,  is  to  be  found  between  the  two  sheaths  of  the  opticus  throughout 
[is  whole  extent  from  the  bulbus  to  the  canalus  opticus.  This,  from  its  situ- 
ation under  the  fibrous  sheath  of  the  nerve,  may  be  described  as  the  suhvagi' 
not  space  (fig.  335,  ahv).  At  the  entrance  of  the  optic  nerve  it  extends  to  a 
point  just  beneath  the  choroid,  without,  however,  entering  into  communica- 
tion with  the  perichoroidal  space.  Its  walls  are  covered  by  an  endothelium, 
which  may  easily  be  resolved  into  small  nucleated  plates ;  the  walls  are 
also  united  by  an  abundant  network  of  delicate  connective-tissue  trabeculs, 
which  are  likewise  surrounded  by  sheaths  of  endothelium.  Such  sheaths 
may  often  be  completely  isolated,  and  then  present  themselves  as  perfectly 
transparent  membranes  interspersed  with  oval  nuclei. 

2.  The  Anterior  Lymphatics  of  the  Eye. 
a.     The  I/ymphaiic  System  of  the  Anterior  Chamber. 

The  anterior  chamber  of  the  eye  is  a  reservoir  for  the  lymph  arising  from 
the  iiis  and  ciliai-y  body.  The  influx  into  the  anterior  chamber  takes  place 
at  two  points :  from  the  canal  of  Petit  through  the  capillary  fissure  between 
the  pupillaiy  margin  of  the  iris  and  the  anterior  capsule  of  the  lens,  and, 
secondly,  through  the  interstices  between  the  trabeculie  of  the  ligamentum 
pectinatum. 

The  canal  of  Petit  runs  around  the  margin  of  the  lens,  and  extends  latere 
ally  in  the  form  of  a  fine  fissure  as  far  as  the  ora  serrata.  It  communicates 
with  the  posterior  and  through  it  with  the  anterior  chamber  by  a  series  of  mi- 
nute orifices,  which  are  to  be  found  in  the  zonoila  ciliaris  close  to  the  edge  of 
the  lens.  It  may  be  very  easily  injected  from  the  anterior  chamber,  especi- 
ally in  the  eye  of  the  Pig.  Under  normal  conditions,  however,  a  passage 
of  fiuid  can  only  take  place  from  the  canal  of  Petit  towards  tJie  anterior 
chamber,  but  not  in  the  opposite  direction,  since  in  the  latter  case  the  iiis 
forms  a  valve-like  obstruction,  which  can  only  be  overcome  by  a  change  in 
the  shape  of  the  eyeball  dependent  upon  increase  of  intraocular  pressure, 
such  as  is  caused  by  injection  of  the  anterior  chamber. 

The  great  mass  of  the  lymph  coming  from  the  ciliary  body,  and  probably 
also  from  the  iris,  enters  the  anterior  chamber  by  the  interstices  between  the 
trabecule  of  the  ligamentum  pectinatum.  We  have  as  yet  only  in  the 
Pig^s  eye  succeeded  in  filling  a  portion  of  this  region  with  soluble  Berlin 
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blue  injected  into  the  anterior  duunber ;  the  injection  fills  a  fissure,  which 
is  travei*8ed  by  a  network  of  connective  tissue,  and  which  surrounds  the 
space  of  Fontana,  eictending  backwards  to  the  posterior  end  of  the  ciliary 
body  where  it  lies  between  the  ciliary  muscle  and  the  pars  ciliaris  retinae. 
In  the  human  eye  also  the  injecting  tluid  may  be  forced  for  a  certain  dis- 
tance into  the  ciliaiy  body  at  this  point,  llie  trabecular  of  the  space  of 
Fontana  in  the  Mammalia,  as  well  as  the  corresponding  trabeculse  of  the 
ligamentum  pectinatum  in  Man,  ai*e  invested  by  a  complete  endothelial 
sheath,  which  is  precisely  similar  to  that  covering  the  trabeculse  of  the  sub- 
vaginal  space. 

In  order  to  become  acquainted  with  the  manner  in  which  the  communi- 
cation takes  place  between  the  human  anterior  chamber  and  the  veins,  it  is 
necessary  to  examine  meridional  sections  through  the  corpus  ciliare  of  eyes, 
in  which  the  veins  have  been  filled  by  injections  forced  into  the  anterior 
chamber.  In  such  sections  it  is  to  be  remarked  in  the  first  place,  that  a 
short  stripe  of  the  blue  mass  passes  just  behind  the  border  of  Descemet^s 
membrane  from  the  anterior  chamber  obliquely  backwards  and  outwards  to 
the  canal  of  Schlemm.  The  latter  is  also  completely  filled  with  the  injec- 
tion. In  many  preparations  we  may  observe  injected  vessels,  arising  from 
the  canal  of  Schlemm  and  passing  backwards  and  outwards  through  the 
sclerotic.  These  vessels  are  veins,  as  is  proved  by  an  exact  histo- 
logical examination.  Tlie  canal  of  Schlemm,  on  the  contrary,  must  undoubt- 
edly be  considered  as  a  lymph-space,  since  in  the  character  of  its  walls  it 
differs  essentially  from  the  veins.  It  communicates  with  the  anterior  cham- 
ber by  a  system  of  fine  fissures.  These  fissures  are  to  be  found  between 
the  elastic  circular  fibres  and  fenestrated  membranes,  which  stretch  from 
the  border  of  Descemet's  membrane,  as  its  modified  prolongation,  to  tho 
most  posterior  point  of  the  insertion  of  the  ciliary  muscle,  and  interiorly 
are  in  connection  with  the  mesh  work  of  the  space  of  Font-ana.  This  pecu- 
liar tissue  bridges  over  a  groove,  which  runs  along  the  inner  surface  of  the 
anterior  extremity  of  the  sclerotic  just  at  the  line  of  its  junction  with  the 
cornea,  thus  constructing  a  fissure-like  circtilar  canal.  The  latter  is  no  more 
or  less  than  the  canal  of  Schlemm.  The  ciliary  plexus  of  Leber  lies,  as  this 
author  himself  states,*  in  the  compact  tissue  of  the  sclerotic  just  exterior 
to  this  gix)ove. 

In  many  cases  you  may  find  instead  of  one  oi)en  lumen  two  or  even 
more  of  them,  thus  forming  a  transition  to  the  eyes  of  the  Mammalia, 
in  which  are.alvrays  to  be  found,  at  the  corresponding  place,  several  smaller 
lumina,  which,  however,  are  always  situated  internal  to  the  scleral  groove. 

It  is  still  unknown  in  what  manner  the  canal  of  Schlemm  is  in  communi- 
cation with  the  neighboring  veins.  Probably  there  here  exists  a  valvular 
arrangement,  which  in  normal  conditions  of  tension  hinder  the  passage  of 
venous  blood  into  the  canal  of  Schlemm. 

If  we  reflect  what  would  be  the  consequences  if  the  anterior  chamber 
possessed  ready  outlets  in  the  form  of  lymphatic  vessels,  we  shall  easily 
comprehend  the  purpose  of  the  above-described  arrangement.  If  the 
humor  aqueus  were  carried  off  by  lymphatic  vessels,  it  is  obvious  that 
a  proper  degree  of  tension  could  not  be  maintained  in  the  anterior  cham- 
ber ;  since,  owing  to  the  low  degree  of  pressure  in  the  lymphatic  vessels,  a 
rapid  outflow  of  the  humor  aqueus  must  take  place,  which  could  not  possi- 
bly be  compensated  for  by  the  transudation  of  fresh  fluid  from  the  vessels, 

*  ^'  Anatomische  Untersachangen  aber  die  Blutgefosse  des  mensehlichen-Auges,*' 
Denigehr,  der  Kom.  d,  WiaseMch,  m  Wien.  Math.-natnrw.  Classe.  Bd.  24,  p.  816. 
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and  as  a  consequence  the  anterior  chamber  would  collapse.  This  is,  however, 
guarded  against  by  the  discharging  of  the  anterior  chamber  into  the  veins 
through  the  medium  of  the  canal  of  Schlemm.  Thus  it  is  rendered  possible 
for  the  tension  of  the  anterior  chamber  to  be  maintained  at  its  height,  the 
flow  to  and  from  it  being  kept  at  an  equilibrium,  by  the  fieurt  that  the  pres- 
sure in  the  small  veins  is  considerably  less  than  in  the  corresponding  lym- 
phatic vessels,  and  also  by  the  obstacles,  namely,  the  system  of  fine  fissures, 
which  are  encountei-ed  by  the  fluid  in  its  passage  from  the  anterior  chamber 
to  the  canal  of  SchlemuL 

b,  For  the  canalicular  system  of  the  cornea^  see  the  description  of  the 
cornea  in  this  text-book. 

c.   The  liymphatice  of  the  Conjimctiva. 

The  lymphatics  of  the  conjunctiva  were  discovered  by  F.  Arnold  (5),  and 
more  accurately  described  by  Teichmann  (6).  They  arise  from  the  margin 
of  the  cornea,  where  they  form  a  fine  plexus,  about  1  mm.  in  breadth,  com- 
municating externally  with  the  more  widely  meshed  lymphatic  plexus  of 
the  conjunctiva  sclerotica.  In  this  the  trunks  soon  increase  in  size  and 
take  a  coui^se  for  the  most  part  meridional,  anastomosing  with  each  other  by 
numerous  short  and  thinner  transverse  branches.  According  to  Teich- 
mann, a  few  branches,  about  0.1  mm.  in  diameter,  nm  from  the  fine  plexus 
at  the  corneal  margin  in  a  meridional  direction  towards  the  centre  o:* 
the  cornea.  These  perhaps  correspond  to  the  appearances  at  the  margin  o:* 
the  cornea  resembling  vessels,  and  supposed  to  be  lymphatic  vessels,  de 
scribed  by  Kolliker  (3),  His  (1),  and  SamisfchX2). 

According  to  Lightbody  (4),  the  capillaries  of  the  corneal  margin  are 
surrounded  by  lymphatic  sheaths.  I  have  been  unable,  however,  to  con- 
vince myself  of  the  correctness  of  this  statement. 
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V.    THE  VITREOUS  BODY. 

By  Prof.  A.  IWANOFF. 

The  Titreous  body  occupies  the  greater  part  of  the  cavity  of  the. eyeball, 
and  is  bounded  posteriorly  and  laterally  by  the  retina.  Its  anterior  surface 
is  hollowed  out  to  form  a  dish-shaped  excavation  (fossa  patellaris),  in  which 
lies  the  lens  enclosed  in  its  capsule.  From  the  border  of  the  lens  to  the 
summits  of  the  ciliary  processes  its  sur&ce  is  free,  and  turned  towards  the 
zonule  of  Zinn.  The  interspace  bounded  by  this  free  portion  of  the  surface 
of  the  vitreous  and  the  zonula  Zinnii  is  caUed  the  canal  of  Petit,  which 
surrounds  the  entire  free  equatorial  border  of  the  lens. 

The  dimensions  and  relatlonB  of  this  canal  (canal  godronn^.  Petit)  in  the  living 
subject  are  not  as  yet  sufficiently  understood.  Even  Brttcke  assigned  to  this  canal  a 
much  smaller  space  than  was  given  it  in  the  original  description  of  Petit.  Henke 
goes  still  further;  he  denies  entirely  the  existence  of  such  an  open  space  in  the 
fiving  eye  :  '*  It  is  plainly  to  be  considered,"  says  he,*  **  not  as  a  true  cavity,  but  only 
as  a  fissure  between  two  free  (serous)  surfaces,  which  are  movable  one  upon  the 
other,  but  which  endoeeno  interspace,  like  the  cavities  of  the  pleura,  the  peiitonieum, 
and  the  joints."  Henle  Ib  of  the  same  opinion,  while  EoUiker,  on  the  other  hand, 
believes  that  the  canal  is  certainly  very  narrow,  but  in  the  living  eye  possesses  an 
open  lumen  and  contains  moisture. 

My  own  investigations  confirm  tiie  views  of  Henle ;  at  least  I  found  it  impossible 
in  frozen  eyes  to  find  ice  in  the  oiuiaL 

The  corpus  vitreum  is  not,  as  has  hitherto  been  generally  believed,  sur- 
rounded by  a  special  membrane,  the  so-called  membrana  hyaloidea.  The 
membrane  formerly  called  hyaloidea  is  identical  with  the  membrana  limitans 
retime.  It  is  a  constituent  part  of  the  retina,  and  therefore  is  in  direct  ap- 
position with  the  vitreous  only  so  &r  as  the  retina  extends,  namely  as  far  as 
the  ora  serrata.  The  limitans,  it  is  true,  is  continued  upon  the  pars  ciliaris 
•retin»,  but  in  this  region  there  lie  between  the  vitreous  and  the  limitans 
certain  mieridional  fibres,  which  have  received  the  name  zonula  Zinnii,  and 
which  are  attached  to  the  limitans  as  well  as  to  the  vitreous. 

In  the  vicinity  of  the  ciliary  processes  the  vitreous  separates  itself  from 
the  zonula,  so  that  its  entii*e  anterior  surface,  or  that  which  is  turned  toward 
the  canal  of  Petit  and  the  lens,  is  not  covered  by  any  special  membrane  ; 

•  Graefe's  Areikk,  vi  2,  p.  61. 
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neither  b^  a  prolongation  of  the  limitans,  as  stated  by  Henle,  nor  by  a 
special  membr.  hjaloidea,  as  was  formerly  supposed. 

The  non-exiBtence  of  the  hyaloidea  was  pointed  out  by  Henle.*  Neyerthelees  the 
designation  limitians  hyaloidea  is  not  quite  proper  in  a  strictly  anatomioal  point  of 
view.  That  the  limitans  is  an  integral  part  of  the  retina  is  most  clearly  demon- 
strated by  the  pathological  processes  which  take  place  in  the  corpus  Titreom,  as  a 
consequence  of  which  the  latter  shrinks  up  and  detaches  itself  from  the  retina,  f 

In  such  cases  the  limitans  is  always  found  adherent  to  the  retina. 

In  the  quite  fresh,  and  even  better  in  the  hardened,  coq>us  vitreum,  the 
peripheral  portions  present  distinct  dilTerences  from  the  central  portions. 
In  the  former  may  be  remarked  a  more  or  less  marked  lamellar  structure, 
while  the  latter  seems  homogeneous. 

Stilling  designates  the  central  portion  as  nucleus,  and  the  peripheral 
portion  as  cortex.  The  homogeneous  central  portion,  the  nucleus,  does  not 
lie  in  the  middle  of  the  organ  so  as  to  be  uniformly  surrounded  by  the  con- 
centric* lamellar,  cortex,  but  is  pushed  forwards  toward  the  lens  in  such  a 
manner  that  the  cortical  substance  becomes  anteriorly  more  and  more  thin. 
Thus  at  the  ora  serrata  the  several  concentric  layers  of  the  cortex  are  so 
crowded  together,  that  the  surface  of  the  nucleus  is  separated  from  the 
limitans  only  by  a  very  thin,  but  plainly  fibrous  layer.  The  fibres  of  thia 
layer  nin  parallel  to  the  surface  of  tlie  vitreous  in  wavy  bundles,  and  are 
not  unlike  bundles  of  connective  tissue.  The  entire  layer,  thus  changed, 
finally  turns  and  passes  towards  the  axis  of  the  eye,  thus  completely  cover- 
ing the  anterior  surface  of  the  vitreous. 

Since  we  here  in  fact  have  not  a  single  but  several  layers  crowded 
together,  and  only  loosely  united  with  one  another,  it  is  easy  to  see  how  one 
might  suppose  that  behind  the  lens  there  lay  a  special  membrane  covering 
the  corpus  vitreum,  especially  since  the  most  superficial  of  these  layers  is 
perfectly  smooth.  The  deeper  layei-s  may  sometimes  be  separated  from  one 
another  in  hardened  eyes,  which  circumstance  led  Hannover  and  Fink- 
beiner|  to  the  opinion  that  the  hyaloidea  again  divided  itself  into  two 
layers  on  the  anterior  surface  of  the  vitreous,  in  such  a  manner  as  to  form 
behind  the  canal  of  Petit  a  second  canal  (the  canal  of  Hannover). 

In  the  anterior  portion  of  the  vitreous  we  find  in  the  cortical  layer, 
besides  the  already  mentioned  fibres  resembling  connective  tissue,  also  a 
considerable  number  of  other  fibres  not  unlike  the  elastic  fibres.  They 
begin  as  exceedingly  fine  tortuous  fibres,  as  far  back  as  the  equator  of  the 
eye ;  at  the  ora  serrata  they  appear  in  greater  numbers,  and  from  this  point 
onward  they  curve  in  upon  the  pars  ciliaris  retinse,  lying  close  against  the 
limitans,  and  here  form  the  beginnings  of  the  zonula  Zinnii. 

A  canal  of  about  2  mm.  in  diameter  runs  directly  through  the  vitreous 
body  from  the  papilla  optica  to  the  posterior  surface  of  the  capsule  of  the  lens. 

The  difficulties  which  stand  in  the  way  of  the  examination  of  the  corpus  yitreum 
in  the  fresh  state  gave  occasion  to  the  fact  that  all  the  earlier  anatomists,  who  made 
it  a  special  object  of  study,  employed  artificial  methods  of  hardening.  It  was  sup- 
posed, indeed,  that  the  different  working  of  chemical  reagents  upon  the  stroma  and 
the  mucous  fluid  contained  within  its  m^hes  would  be  able  to  separate  them  one  from 
the  other. 

•  Eingeweiddehre,  p.  661. 

f  ^'Beitriige  zur  norm.  u.  path.  Anat.  d.  Auges,"  von  Iwanoff;  A.f,0.,  xr.  2, 
p.  61. 

t  Comp.  **  Untersuchungen  der  Starke  des  Glaskorpen  bei  den  Wirbelthieren." 
Zfsehr.  f.  w.  Zoologie,  vl  p.  335. 
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Pappenheim  ♦  was  the  first  to  adopt  this  method.  He  found,  by  hardening  the 
Titreoos  in  carbonate  of  potash,  that  the  stroma  of  the  organ  consisted  of  layers  run- 
ning parallel  to  the  surface  of  the  hyaloidea,  and  composed  of  very  fine  fibres,  and  a 
homogeneous  substance  ;  Brilckef  found,  by  treatment  with  acetate  of  lead,  that  the 
yitreous  is  composed  of  a  great  number  of  very  thin  structureless  membranes,  which 
are  enveloped  one  within  the  other  like  the  layers  of  an  onion,  and  which  take  a  course 
parallel  to  the  surface. 

Aoooiding  to  HannoyeT,^  such  a  structure  is  only  to  be  found  in  the  Mammalia ;  in 
Man  the  yitreous,  according  to  his  statements,  consists  of  sections  which  are  arranged 
in  a  radial  manner  about  the  optic  axis,  so  as  to  present  a  resemblance  to  the  struc- 
ture of  the  orange.  All  this,  however,  is  observed  only  in  eyes  which  have  been  for 
a  long  time  exposed  to  the  action  of  diluted  chromic  acid. 

Finkbeiner  confirmed  all  the  views  of  Hannover  by  examinations  of  the  vitreous 
which  had  been  treated  with  corrosive  sublimate. 

Bowman,  §  Doncan,  Yirohow,  EoUiker,  and  Henle,  on  the  other  hand,  arrived  at 
entirely  negative  results.  Bowman  and  Doncan,  when  they  attempted  to  confirm 
the  researches  of  Hannover  and  Brildce,  found  no  membranes  at  all  in  the  vitreous  ; 
in  their  opinion  the  membranes,  and  their  arrangement  as  described  by  those  authors, 
are  to  be  oonsidered  as  artificial  appearances  produced  by  the  working  of  different  rea- 
gents ;  Doncan  inclined  to  the  views  of  Yirchow  and  Kolliker,  the  first  of  whom  reckon- 
ed the  vitreous  as  mucous  tissue,  the  latter  as  connective  substance.  Nevertheless, 
he  does  not  deny  the  fact  that  neither  the  existence  of  fluid  and  solid  elements  in  the 
yitreous  nor  the  entoptic  phenomena  are  thus  sufficientiy  explained.  Henle  also  found 
no  membranes,  and  describes  the  corpus  vitreum  simply  as  a  homogeneous  substance 
of  gelatinous  or  cellular  nature. 

Weber  arrived  at  quite  peculiar  conclusions,  and  different  from  the  views  of  all 
other  authors.  According  to  him  the  entire  vitreous  consists  of  a  network  of  cells, 
which  anastomose  with  one  another,  and  in  whose  meshes  a  mucous  fluid  is  contained. 

Smith,  I  who  macerated  the  human  vitreous  in  water  for  several  days,  and  then 
treated  it  with  carbolic  acid,  recentiy  stated  that  the  peripheral  portion  of  the  vitre- 
ous possesses  a  concentric,  and  the  central  portion  a  radial  structure ;  according  to 
him  the  concentric  layers  consist  of  coarser  fibres,  and  the  nucleus,  of  stellate  anasto- 
mosing cells.  He  noticed  also  an  open  canal  stretching  from  the  papilla  optica  to 
the  posterior  surface  of  the  lens. 

Bowman  previously  made  similar  statements  with  regard  to  the  central  portion. 
With  tiie  method  adopted  by  Smith,  it  is  difficult  to  decide  what  appearances  may 
and  what  may  not  be  due  to  artificial  means. 

The  great  diversity  of  opinions  held  by  the  various  authors,  as  exhibited  in  this 
brief  historical  notice,  is  to  be  explained  partiy  by  the  difficulty  which  is  encoun- 
tered in  the  examination  of  the  fresh  vitreous,  and  partiy  by  the  general  distrust  of 
the  various  methods  of  artificial  hardening. 

The  principal  object  of  all  the  controversies  are  the  membranes.  Some  affirm 
that  all  the  layers  of  the  vitreous  are  separated  by  membranes ;  others,  because  they 
find  no  membranes,  deny  the  accuracy  of  all  the  other  observations.  The  membranes 
do  not  exist,  but  the  possibility  of  a  lamellated  structure  is  therefore  by  no  means 
to  be  excluded.  In  thin  transverse  sections  of  eyes  hardened  in  Milller's  fluid  the 
yitreous  is  resolved  into  layers  whidi  run  parallel  to  its  sufface;  with  the  aid  of  high 
powers,  and  after  coloring  with  carmine,  a  finely  granular  mass  is  to  be  seen  in  the 
posterior  portion  of  this  organ,  in  which  fine  fibres  are  occasionally  to  be  recognized. 
In  the  anterior  part  these  fibres  gradually  increase  in  size  as  they  approach  the  ora 
serrata,  and  finally  take  a  wavy  course  parallel  to  the  surface.  Here  also  there  is  no 
trace  of  a  membrane  to  be  seen. 

All  these  views  concerning  the  structure  of  the  corpus  vitreum  receive  fresh  con- 
firmation from  the  researches  of  Stilling,^  the  excellence  of  which  lies  in  the  fact 
that  they  were  made  only  on  the  vitreous  in  the  fresh  state,  and  therefore  are  not 
open  to  the  objection  that  their  results  may  have  been  artificially  produced.    Aocord- 

♦  SpezieUe  OeweheUhre  d,  Avges,    Breslau,  1842,  p.  182. 

+  Mttller's  Are?iiv,  1843,  p.  845. 

i  Mttller's  Arehiv,  1845,  p.  467.  DasAuge,  Beitr&ge  ttur  Anat,  PhysicL  tmd  Pathol, 
dieses  Organs.     Leipzig,  1852,  p.  18. 

S  Froriep's  NoUzen,  No.  238.    Dec,  1849,  p.  274. 

I  D.  Smith,  **  Structure  of  the  Adult  Vitreous  Humour."  Lanesty  Sept  19, 1868,  p. 
376—378. 

%  **  Eine  Studie  iiber  den  Ban  des  Glaskorpers."    A,  F.  A.  xv.  4,  Heft. 
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ing  to  his  statements,  if  we  make  a  seotioii  through  the  fresh  oigan  perpendteolar 
to  the  optic  axis,  and  let  a  few  drops  of  carmine  solution  fall  npon  its  soifaoe,  a 
number  of  concentric  furrows,  6-12  in  number,  wiil  make  their  appearance  in  tiie 
periphery ;  the  middle,  or  the  nudeus,  on  the  contrary,  will  remain  free  from  any 
such  appearance.  The  furrow  which  forms  the  boundary-line  between  the  coriex 
and  nucleus  is  generally  the  deepest,  and  soonest  filled  wiUi  the  coloring  fluid.  Stil- 
ling does  not  describe  the  relations  of  the  cortex  and  nucleus  quite  correctly,  sinoe 
his  method  of  ekamination  could  only  reyeal  the  coarser  appearances  ;  aooording  to 
his  statements  the  cortex  is  applied  to  the  nucleus  only  commencing  attheoraserrata, 
BO  that  the  lens  and  zonula  are  in  apposition  with  tibie  nudeus  itsell  As  we  have 
seen  above,  the  cortical  substance  surrounds  the  nucleus  throughout  its  whole  extent^ 
certain  of  its  layers  being  tightly  crowded  together  anterior  to  the  ora  eerrata,  exactly 
as  is  represented  by  the  drawings  of  Hannoyer  and  Finkbeiner. 

After  Henle  had  called  attention  to  the  fact  that  the  membrana  hyaloidea  did  not 
exist,  he  sought  to  explain  the  existence  of  the  membrane  which,  in  his  opinion, 
covered  the  vitreous  in  the  fossa  pateUaris.  According  to  him  the  limitons,  even 
before  it  reaches  the  ora  serrata,  increases  in  thickness,  and  at  the  same  time  changes 
the  character  of  its  tissue  :  here  and  there  it  is  resolved  into  fibres,  which  sometimeB 
take  an  irregralar  course,  uke  the  fibres  of  elastic  tissue,  sometimes  a  parallel  and 
wavy  course,  like  the  fibres  of  connective  tissue.  These  fibres  are  always  exceedingly 
fine,  and  while  the  larger  number  of  them  pass  along  the  surface  of  the  vitreons, 
some  penetrate  into  its  interior,  where  they  are  soon  lost. 

The  superficial  fibrous  tissue  of  the  limitans  hyaloidea  is  divided,  aooording  to  him, 
into  two  membranes,  at  the  point  where  the  orbicularis  ciliaris  begins  to  swall  out 
into  the  corpus  ciliare  :  one  membrane  passes  inwards,  to  form  the  hyaloidea  of  the 
fossa  pateUaris,  and  the  other  passes  outwards  to  the  pars  dliaris  retime,  to  form  the 
zonula. 

From  the  preceding  researches  it  is  to  be  remarked,  in  opposition  to  the  views  of 
Henle,  that  all  those  changes  whidi  Henle  attributes  to  the  limitans,  take  place  in 
the  peripheral  layers  of  the  vitreous,  while  the  limitans  itself  remains  unchanged,  and, 
becoming  gradually  thinner,  simply  passes  from  the  ora  serrata  over  upon  the  pan 
ciliaris  retinsd.  It  takes,  therefore,  not  only  no  part  in  the  formation  of  the  hyaloi- 
dea of  the  fossa  pateUaris,  which  as  was  shown  above  does  not  exist,  but  even  its  par- 
ticipation in  the  formation  of  the  zonula  is  more  than  doubtfoL  I  at  least  have  never 
been  able  to  recognize  such  a  relation,  while  the  origin  of  the  zonula  in  the  vitreous 
is  very  easy  to  observe. 

There  remains,  therefore,  to  be  decided  only  the  question  whether  the  limitans  Ib 
in  reaUty  continued  over  the  pars  ciliaris  retinae.  Henle  himself  says,  that  if  the 
fibrous  layer  of  the  zonula  is  to  be  considered  as  anterior  fold  of  the  limitans,  the 
latter  must  at  the  summits  of  the  ciliary  processes  again  divide  into  two  folds,  and  he 
has  even  seen  in  some  cases  that  the  vitreous  membrane  stretched  over  the  origin  of 
the  fibres  of  the  zonula  upon  the  orbiculus  ciliaris. 

'  This  vitreous  membrane  is  obviously  the  Umitans  itself,  which  is  continued  beyond 
the  ora  serrata  upon  the  pars  ciliaris ;  KoUiker  is  also  of  this  opinion.  In  meridional 
sections  through  the  pars  ciliaris  this  limitans  is  very  easUy  seen,  that  is,  if  tiie  sec- 
tion runs  exactly  paraUel  to  the  fibres  of  the  zonula.  In  such  preparations  the  Umi- 
tans appears  as  a  distinct  line  of  double  contour,  which  separates  the  jwrs  dliaris  reti- 
nae quite  sharply  from  the  zonula.  In  carefully  made  preparations  tiie  limitans  may 
be  separated  as  a  fine  membrane  for  a  certain  distance  from  the  zonula  as  well  as 
from  the  pars  dliaris  retinae. 

In  regard  to  the  development  of  the  zonula,  we  only  know  that  it  does  not  exist 
in  the  embryo  so  long  as  the  vessels  surroundhig  the  capsule  remain,  although  even 
at  this  period  the  Umitans  is  completely  develof^.  The  zonula  begins  to  be  formed 
at  the  time  when  the  vessels  of  the  capsule  are  receding,  and  becomes  pliuner  as  they 
become  more  atrophic.  . 

It  however,  the  unchanged  Umitans  is  prolonged  from  the  ora  serrata  upon  the  para 
ciliaris  retinae,  it  is  plain  that  it  cannot  also  form  a  mass  of  zonula  fibres,  and,  in 
addition  to  this,  the  membrane  of  the  fossa  pateUaris,  by  a  repeated  subdivision. 

AU  this  confusion  was  occasioned  by  the  fact  that  it  was  not  remarked  that,  even 
before  arriving  at  the  ora  serrata,  the  superficial  layers  of  the  vitreous  ohange  their 
structure,  and  are  dosely  united  with  the  Umitans  and  the  retina.  This  union,  how- 
ever, is  not  indissoluble,  and  in  certain  pathological  conditions,  and  also  in  healthy 
eyes,  by  the  use  of  alkaUes,  we  may  succeed  in  aeparatiDg  the  vitreous  with  the  zonnla 
from  the  limitans. 

Martegiani,  in  1814,  described  in  the  vitreous,  at  the  point  of  entrance  of  the  optao 
nerve,  a  funnel-shaped  excavation,  which  he  designated  as  ^*  area.^'    This  area  of 


Digitized  by 


Google 


TBTE   VlTEKOirS  BODY.  879 

Martegiani  !a  in  fact  the  commencement  of  the'  canal,  which  has  improperly  been 
called  canalis  hyaloideus  Cloqueti.  Cloquet  ne^er  saw  or  described  this  canal  in  the 
adalt ;  he  deeoribes  only  the  oonise  of  the  arteria  capsnlaris  in  the  foetal  vitreous. 

Hannover  described  it  better,  bat  expressly  says  that  he  never  found  it  pervious, 
and  therefore  he  knew  nothing  of  the  existence  of  a  true  canal. 

The  descriptions  of  Finkbeiner  *  are  not  dear ;  he  says,  in  fact,  nothing  of  an  open 
canal  existing  in  every  adult  Mammalian  or  Human  eye.  He  describes  satisfactorily 
only  an  eye  of  the  Ox,  in  which  two  lengthened  aresB  unite  to  form  a  solid  string 
which  traverses  the  corpus  vitreum. 

StiUing  first  called  attention  to  this  canal  as  being  pervious,  and  existing  in  every 
•UiMnfifiiiiiM.Ti  and  Human  eye  during  its  entire  Ufe,  and  as  gradually  increasing  up  to 
the  time  of  perfect  development  of  the  entire  eye.  He  also  gave  the  methods  by 
whidi  the  camd  may  be  demonstrated  in  the  fresh  eye. 

The  cells  of  the  corpus  vitreum  lie  only  in  its  external,  superficifd  layers ; 
in  the  deeper  layers  their  derivatives  only  are  to  be  met  with,  namely,  nu- 
clei and  shrunken  vesicles.  Their  form  is  very  manifold ;  still  they  may  all 
be  included  in  three  principal  groups : — 

!•  Round  cells  with  large  nuclei ;  the  latter  being  surrounded  by  coarsely 
granular  protoplasm.  These  are  met  with  mostly  in  the  anterior  portions 
of  the  vitreous,  especially  in  Children,  in  whom  they  often  contain  several 
nuclei. 

2.  Spindle-shaped  and  stellate  cells.  These  are  found  throughout  the 
entire  surface  of  the  vitreous.  The  stellate  cells  generally  possess  long, 
fine,  and  branched  processes,  provided  with  varicose  swellings. 

3.  A  peculiar  characteristic  form  of  round  cells,  which  contain  in  their 
interior  a  large,  perfectly  transparent,  round  vesicle.  In  the  completely 
developed  cell  of  this  variety  there  is  only  a  single  vesicle,  which  fills  up 
almost  its  entire  space,  leaving  at  the  periphery  only  a  little  space  for  a 
nucleus,  surrounded  by  a  small  quantity  of  protoplasm.  Sometimes  in- 
stead of  one,  two  vesicles  are  to  be  found,  separated  by  a  straight  line. 
In  other  cases  several  vesicles  are  to  be  found,  which  seem  to  be  sur- 
rounded by  a  common  envelope,  "with  a  regularly  circular  contour.  These 
vesicles  are  to  be  found  not  only  in  the  round  cells ;  they  occur  also  in  the 
processes  of  the  stellate  cells.  Here  they  sometimes  i*each  colossal  dimen- 
sions, so  as  to  surpass  in  size  the  cell  itself.  This  form  is  met  with  in 
every  period  of  life,  but  most  frequently  in  aged  people,  and  generally  in 
the  posterior  portion  of  the  vitreous  body. 

All  these  cells  possess  the  property  of  contractility ;  they  change  their 
form,  and,  perhaps,  even  their  place.  In  the  round  cells,  containing  vesi- 
cles, the  contractility  is  less  in  proportion  as  the  vesicles  ai*e  larger,  that  is, 
in  proportion  as  the  protoplasm  has  disappeared. 

The  views  oonoeming  the  eadstenoe  and  nature  of  the  cells  are  quite  as  diverse  as 
those  oonoeming  the  stroma. 

The  first  special  researches  on  the  cells  were  made  by  Yirchow.  In  the  Pig*B  embryo, 
4'  long,  he  found,  at  pretty  regular  intervals  in  the  homogeneous  intercellular  sub- 
stance, round,  nucleated,  and  highly  granular  cells,  sometimes  containing  several 
nuclei. 

According  to  Kdlliker,  the  cells  are  most  generally  found  in  young  individuals  ;  he 
saw  them,  indeed,  in  adults,  but  only  in  a  few  cases,  and  then  scarce  and  indistinct, 
generally  in  the  vicinity  of  tiie  lens  and  the  hyaloidea.  Weber,  on  the  other  hand, 
found  stellate,  anastomosing  cells  throughout  the  entire  vitreous.  Hannover  and 
Finkbeiner  described  an  epithelium  covering  the  hyaloidea,  which,  according  to  the 
latter  author,  also  covers  the  several  sheath-walls  of  the  interior.  Coccius  is  also  of 
the  same  opinion.  Bitter  found  an  epithelium  with  branching  cells  only  on  the  inner 
snrfaoe  of  the  hyaloid,  but  not  in  the  interior  of  the  vitreous. 

•  L.  a,  p.  883. 
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The  fibres  of  the  zonula  arise,  as  has  been  already  intimated,  from  the 
vitreous  body,  and  in  fact  from  that  portion  of  it  which  has  not  yet  reached 
the  ora  serrata  retinse.  In  the  vicinity  of  the  latter  the  fibres  of  the  zonula, 
which  at  first  lie  bensath  the  surface  of  the  vitreous,  pass  up  and  apply 
themselves  to  the  membrana  limitans  interna,  with  which  they  enter  into 
intimate  contact ;  thus  at  the  ora  serrata  the  vitreous  and  limitans  find 
themselves  so  firmly  united  that,  as  is  well  known,  the  attempt  to  separate 
the  retina  from  the  vitreous  does  not  succeed  at  the  ora  serrata,  fragments 
of  the  vitreous  always  remaining  attached  at  this  point.  But  as  on  the  one 
hand  the  existence  of  zonula-fibres  may  be  with  certainty  demonsti-ated  even 
posterior  to  the  ora  serrfita,  so  also  the  district  of  its  origin  is  not  limited 
by  the  ora.  On  the  contrary,  the  passage  of  zonula-fibres  from  the  vitreous 
may  be  demonstrated  for  some  distance  anterior  to  the  ora  (or  toward  the 
ciliary  processes),  so  that  even  in  this  region  the  zonula  and  vitreous  are  not 
isolated  structures. 

Not  until  it  has  reached  a  point  4-5  mm.  distant  from  the  ora  serrata 
can  the  zonula  Zinnii  be  considered  as  a  completely  separate  structure. 
Throughout  its  course  toward  the  lens  it  is  separated  from  the  pigment-lajer 
of  the  smooth  portion  of  the  corpus  ciliare,  as  well  as  from  that  of  the  pro- 
cessus ciliaris,  by  the  pars  ciliaris  retinsd,  and  the  everywhere  demonstrable 
membrana  limitans.  The  zonula,  however,  is  not  prolonged  as  fiair  as  the 
summits  of  the  most  anterior  ciliary  processes ;  it  separates  from  them  sooner 
to  pass  toward  the  equator  of  the  lens.  Arrived  at  this  point,  the  fibres  of 
the  zonula  divide  up  into  brush-like  processes,  which  attach  themselves  to 
the  anterior  and  posterior  capsule  of  the  lens. 

The  first  beginnings  of  the  zonula-fibres  in  the  vitreous  make  their  appear- 
ance as  wavy  bundles  of  the  finest  fibrillse.  On  the  surface  of  the  corpus 
vitreum,  each  bundle  of  fibrils  coalesces  to  form  a  single  fibre ;  the  fibres 
thus  formed  are  the  finest  fibres  of  the  fully-developed  zonula.  In  their 
passage  out  of  the  vitreous  the  fibrils  (not  yet  blended)  enter  into  a  very 
intimate  union  with  the  limitans.  Thus  it  happens  that  if  we  attempt  to 
separate  the  zonula  from  the  corpus  ciliare  backwards,  it  tears  off  from  the 
limitans  at  the  point  in  question.  This  is  the  foundation  for  the  erroneous 
opinion  that  the  zonula-fibres  are  immediate  prolongations  of  the  limitans. 
If,  however,  we  macerate  the  vitreous  with  the  zonula  and  lens  for  several 
weeks  in  a  10  per  cent,  solution  of  common  salt,  the  union  between  the 
zonula-fibres  and  the  limitans  will  be  dissolved,  so  that  these  two  structures 
may  be  easily  isolated. 

The  fibres  of  the  zonula  as  they  advance  toward  the  ciliary  processes  in 
part  unite  to  form  fibres  gradually  increasing  in  size,  so  that  the  free  portion 
of  the  suspensory  band  of  the  lens  (which  aids  in  forming  the  posterior  wall 
of  the  posterior  chamber)  contains  the  thickest  fibres ;  in  part,  however, 
they  run  with  almost  unchanged  diameter  from  the  ora  serrata  to  the  equator 
of  the  lens.  At  this  point  they  are  again  resolved  into  the  finest  fibrils,  as 
mentioned  above. 

In  meridional  sections  of  the  eye  the  zonula  appears  as  if  attached  to  the 
equator  of  the  lens  by  a  sort  of  triangular  base.  This  triangular  space  is  in 
reality  filled  with  the  terminal  fibrils  of  the  zonula-fibres,  and  therefore 
does  not  enclose  a  cavity ;  nor  has  it  been  taken  for  the  canal  of  Petit  by 
any  one  except  Merkel. 

The  fibres  of  the  zonula  are  neither  fibres  of  connective  tissue  nor  elastic 
fibres,  being  distinguished  from  them  both  by  chemical  (by  their  behavior, 
when  treated  with  acids  and  alkalies)  and  physical  peculicuities.  To  hold 
them  for  muscular  fibres,  as  has  recently  been  done,  is  downright  audacity* 
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As  yet  researches  in  comparative  anatomy  and  embryology,  which  alone 
should  be  relied  upon  to  shed  light  upon  the  true  nature  of  the  zonula-fibres, 
are  wanting. 

The  zonula  Zinnu  represents  the  anterior  wall  of  the  canal  of  Petit.  Its 
posterior  wall  is  formed  by  the  smooth  surface  of  the  corpus  vitreum.  The 
tissue  of  the  vitreous  is  here  condensed  to  form  a  limiting  layer,  in  the  same 
manner  as  Bowman's  membrane  is  formed  by  a  condensation  of  the  sub- 
stantia propria  of  the  cornea ;  an  independent  membrane — the  hyaloidea — 
does  not  exist  at  this  place.  The  canal  of  Petit  begins  4-5  mm.  from  the 
ora  serrata,  and  extends  not  only  to  the  equator  of  the  lens,  but  also  for  a 
distance  of  2  mm.  along  the  posterior  capsule  in  the  direction  of  the  posterior 
pole  of  the  lens. 

It  is  difficult  to  accept  the  opinion  that  in  the  living  eye  there  exists  a  space 
filled  with  fluid  corresponding  to  the  canal  of  Petit,  tibat  is  to  say,  a  lumen  of 
this  canal.  It  is  much  easier  to  believe,  with  Henke  and  Henle,  that  in  the 
living  eye  the  anterior  and  posterior  walls  of  the  canal  of  Petit  are  movable 
one  upon  the  other,  and,  without  being  absolutely  united,  are  separated  only 
by  an  exceedingly  thin  layer  of  moisture.  Although  the  canal  of  Petit,  as 
such,  may  have  no  existence,  still  the  physiological  r61e  devolving  upon 
it,  namely,  that  of  assisting  in  the  fiinction  of  accommodation,  might  be  ful- 
filled by  the  arrangement  above  described. 


VI.    THE  LENS. 
By  Pkof.  BABUOHIN. 


To  the  essential  component  parts  of  the  dioptric  apparatus  of  the  eye  be- 
longs the  lens,  an  organ  which,  by  its  form  and  transparency,  reminds  one 
very  much  of  a  glass  biconvex  lens,  and  which  differs  in  shape  in  different 
animals.  While  in  Man  the  axis  of  the  lens  is  nearly  a  third  smaller  €han  the 
diameter  of  the  equator,  in  many  animals  the  lens  acquires  an  almost  globu- 
lar form.  But  however  various  the  form  and  dimensions  of  the  lens  may 
be,  its  elementary  structure  and  the  plan  of  its  composition  is  always  the 
same  in  all  the  vertebrate  animals.  It  consists,  namely,  of  two  elementary 
parts :  the  cellular  elements,  which  form,  as  it  were,  the  body  of  the  lens 
(parenchyma  lentis,  true  substance  of  the  lens),  and  an  envelope,  which 
exhibits  no  further  histological  element,  and  which  surrounds  the  lens-body 
on  all  sides,  and  is  called  the  capsule  of  the  lens. 

The  body  of  the  lens  may  be  considered  as  consisting  of  two  layers.  One 
of  these,  the  anterior  layer,  is  very  thin,  and  in  the  vicinity  of  the  equator 
begins  to  increase  in  thickness,  either  very  gradually,  as  in  Man  and  the 
Mammalia,  or  quite  abruptly,  as  in  the  Bii^s  and  the  scaly  Amphibia.  The 
posterior  layer,  on  the  contrary,  is  very  thick,  being  thickest  at  the  axis  of 
the  lens  and  growing  thinner  as  it  passes  toward  the  equator.  In  the  region 
of  the  equator  both  layers  blend  with  one  another ;  in  some  animals  farther 
forwards,  in  others  farther  backwards ;  or,  more  properly  speaking,  the  lay- 
ers pass  over  into  one  another  by  a  rounded  border.     With  the  exception  of 
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Fig.  387. 


this  border  the  two  layers  may  be  easily  separated  from  one  another  through- 
out their  whole  extent,  nevertheless  there  exists  between  them  no  appreciable 
interval  (^g,  337).* 

The  anterior  layer  consists  of  flat,  perfectly  transparent,  in  the  fresh  state 
from  the  animal  just  killed,  quite  structureless,  polygonal  cells.     These  cells, 

when  no  longer  fresh,  or  after  treatment 
with  vaiious  reagents,  become  opaque,  and 
then,  for  the  first  time,  it  is  possible  satis- 
factorily to  distinguish  their  edges,  and 
their  central  round  or  oval  nuclei.  In 
different  animals  these  cells  have  different 
dimensions;  in  Man  they  measure  about 
0.032  mm.  (Becker).  In  the  vicinity  of 
the  margin  of  the  lens  they  become  for  a 
greater  or  less  distance  higher  than  they 
are  broad,  almost  c^^lindrical,  and  stand 
perpendicularly  to  the  surface  of  the  lens; 
further  along  they  become  even  higher, 
and  pass  from  the  perpendicular  to  an 
oblique  position,  inclining  with  their 
inner  ends  toward  the  anterior  surface  d 
the  lens ;  at  the  same  time  they  assume  a 
conical  form,  their  broad  bases  being  di- 
rected toward  the  surface  of  the  lens.  Far- 
ther backwards  the  cells  become  still 
longer,  and  take  a  still  more  oblique  di- 
rection ;  their  anterior  ends  bend  outwards 
and  advance  to  meet  the  ends  of  the 
neighboring  cells  described  above.  All 
these  relations  may  be  much  better  under- 
stood from  the  accompanying  fig.  337,  and 
plainer  yet  from  fig.  339,  which  represents  the  same  more  highly  magni- 
fied. In  this  way,  therefore,  is  effected  the  junction  of  the  anterior  thin 
layer  of  the  lens-substance  with  the  posteiior  thicker  layer.  The  transition 
of  the  epithelium  of  the  anterior  layer  into  the  fibres  of  the  posterior  layer 
takes  place,  therefore,  by  a  simple  lengthening  of  the  former  so  as  to  form 
the  latter. 

In  successful  preparations  the  epithelial  cells  in  all  parts  of  the  anterior 
layer,  and  in  all  the  changes  which  their  form  undergoes,  retain  the  char- 
acter of  true  cells,  that  is  to  say,  they  always  possess  plainly  marked  proto- 
plasm arid  nuclei.  Neither  myself  nor  Dr.  Senioff,f  who  by  his  researches, 
under  my  supervision,  has  made  substantial  contributions  to  our  knowledge 
of  the  true  relations  of  the  structure  of  the  lens,  have  ever  been  able  in  any 
part  of  the  lens  to  discover,  instead  of  true  cells  with  well-defined  proto- 
plasm and  nucleus,  "only  irregular,  sharply  contoured  nuclei  of  various 
size,"  the  so-called  formative  cells  of  Becker. 

These  were  described  by  Becker  J  as  lying  very  closely  together  at  the 
point  of  attachment  of  the  zonula,  as  having  but  little  protoplasm  about 
them,  and  often  exhibiting  distinct  cell-division. 


Fig.  337.        Meridional    section 
through  axis  of  the  Human  lens. 


*  All  the  drawings  have  been  copied  by  SeniofF  from  preparationa  made  by  himaftlf. 
f  Ueber  den  mikroacopischen  Bau  der  Litise  bei  Memch  und  WirbeUMeren,    Dis- 
sert, inaug.  1867. 
t  AreMvfur  Ophthabiwfogie^  1803. 
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The  tranaition  of  epithelial  cells  into  lena-fibres  doeis  not,  however, 
happen  in  all  animals  in  the  manner  described.  As  Heinrich  Mliller  found 
in  Birds  and  the  Chameleon,  and  as  Sernoff  and  I  observed  in  many  of  the 
scaly  Amphibia,  there  exists  a  modification,  consisting  in  the  fa^t  that  the 
flat  epithelial  cells  begin  to  increase  in  height  only  at  a  short  distance  from 
the  anterior  pole,  so  as  to  assume  the  character  of  cylindrical  cells;  they  grow 
gradually  longer  until  they  reach  the  equatorial  region,  beyond  which  point 
tiiey  begin  again  to  shorten  as  they  pass  backwards,  although  they  do  not 

Fig.  88a 


Fig.  838.     Meridional  section  through  the  border  of  the  lens  of  the  Rabbit,  show- 
ing &e  transition  of  the  epitheUnm  into  lens-fibres. 

again  attain  the  character  of  flat  epithelial  cells.  These  are  the  perpendicular, 
radial  lens-fibres  which  were  seen  in  the  lens  of  the  Bird  by  Treviranus 
and  Brftcke.  All  these  fibres,  or,  better  expressed,  all  these  lengthened  cells 
appear  in  sections  as  more  or  less  regular  hexagons ;  their  peripheral  ends 
are  broader  than  the  central  ones,  and  in  sections  generally  appear  not  hex- 
agonal, but  rounded.  In  this  end  lies  generally  a  single  round  or  oval, 
sharply  contoured  nucleus.  In  the  anterior  half  of  the'  lens  these  cells  are  in 
close  apposition  by  their  posterior  ends  with  the  inner  surface  of  the  capsule ; 
but  in  the  posterior  half,  almost  immediately  behind  the  equator,  as  Semoff 
has  demonstrated  in  Birds,  they  are  separated  from  the  inner  sur&oe  of  the 
capsule  in  such  a  manner  as  to  form  around  the  entire  lens  a  shallow  an- 
nular canal,  which  is  filled  with  structureless  substance.  Exactly  such  a 
canal,  generally  situated  posterior  to  the  place  where  the  anterior  epithelium 
is  ti'ansformed  into  lens-fibres,  has  been  found  by  Semoff  and  myself,  not 
only  in  Birds,  but  also  in  the  embryo  of  many  Mammalians  and  of  Man.  It 
exists  in  the  latter  even  for  some  time  after  birth,  while  in  the  Bird  it  lasts 
throughout  the  entire  life.  While,  as  stated,  the  radial  cells  become  shorter 
in  the  posterior  portion  of  the  lens,  they  change  their  direction,  so  as  to 
take  an  oblique  instead  of  a  radial  position,  and  thus  gradually  assume  the 
appearance  of  meridional  lens-fibres,  like  those  of  the  Mammalia.  (Fig. 
339.) 

We  shall  now  consider  in  what  manner  the  lens-fibres  arrange  themselves 
in  the  construction  of  the  posterior,  thicker  layer  of  the  lens,  which  con- 
stitutes its  most  important  part.  This  is  accomplished  on  a  plan  essentially 
the  same  in  all  the  Vertebrates.  Flat  fibres  combine  to  form  curved  lam- 
el  las,  covering  each  other  like  the  scales  of  an  onion ;  these  lamell»  at  first 
gradually  increase  in  size  as  they  pass  from  the  point  of  transition  of  the 
epithelisd  cells  into  fibres  towards  the  pole  of  the  lens;  then  they  grow 
smaller  in  the  direction  toward  the  nucleus  of  the  lens,  until  finally  at  its 
centre,  or  a  little  posterior  to  it,  they  attain  their  smallest  size.  Here  it 
should  be  remarked  that  the  fibres  of  the  first,  superficial  layers,  which  form 
the  equatorial  portion  of  the  lens,  and  are  therefore  situated  near  the 
point  of  transition  into  epithelium,  are  curved  outwards,  that  is  to  say. 
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their  convexity  is  turned  towards  the  axis  of  the  lens,  their  anterior  ends 
impinging  upon  the  epithelial  layer,  while  their  posterior  ends  are  in  imme- 
diate contact  with  the  capsule.  The  fihres  of 
these  layers  are  flatter  and  smaller  in  the  mid- 
dle than  at  their  extremities.  (f'ig.  338.) 
But  the  nearer  they  come  to  the  axis  the  more 
the  character  of  their  curvature  is  changed. 
At  first  they  become  straighter,  farther  in- 
wards s-shaped,  until  at  last  they  curve  in 
such  a  way  that  their  ends,  the  anterior  as 
well  as  the  posterior  end,  bend  towards  the 
pole.  At  the  same  time  the  fibres,  while  they 
approach  the  axis,  lengthen  only  very  gradu- 
ally, the  fibres  of  each  next  deeper  layer  pro- 
jecting somewhat  beyond  the  one  lying  above 
it,  so  that  their  ends,  as  they  impinge  upon 
the  anterior  and  posterior  wall  of  the  capsule, 
cover  one  another  like  roof-tiles. 

But  these  relations  obtain  only  in  the  lens- 
fibres  of  certain  of  the  more  peripheral  layers 
of  the  border.  The  ends  of  the  rest  of  the 
fibres,  which  belong  rather  to  the  inner  layers 
of  the  lens,  pass  fjeither  on  toward  the  pole 
and  the  axis  of  the  lens,  and  here  meet  the 
extremities  of  those  fibres  which  come  from 
the  opposite  side.  This  meeting  takes  place 
in  different  ways  in  different  animals;  it 
is  simplest  in  certain  Fish,  Amphibia  (the 
Cod  Fish— Brewster,  Triton — Harting,  Siala- 
mander — Harley,  Frog — Becker),  and  Birds, 
in  whom  the  lens-fibres  of  one  and  the  same 
layer  begin  at  the  equator  gradually  to  dimin- 
ish in  size,  and  meet  each  other  with  pointed 
ends  at  a  certain  point  in  the  axis  of  the  lens, 
like  the  interspaces  between  the  meridional 
lines  of  the  globe.  In  certain  Fish,  for  in- 
stance, in  the  Torpedo,  the  posterior  ends  of 
the  fibres  also  unite  at  the  axis,  while  the  an- 
terior ends  of  each  layer  form,  by  their  meeting,  a  suture,  which  by  low 
magnifying  powers  presents  itself  upon  the  anterior  surface  of  the  lens  as  a 
straight  line  running  at  right  angles  to  the  axis,  and  from  which  the  ends 
of  the  fibres  pass  off*  like  radii  towards  the  equator.  Since  the  sutures  of 
the  following  inner  layers  also  represent  straight  lines  gradually  shortening 
towards  the  centre  of  the  lens,  it  may  be  said  that  in  the  given  case  the  an- 
terior ends  of  the  lens-fibres  of  all  the  layers  meet  each  other  upon  a  surface 
(very  uneven,  it  is  true),  which  perhaps  takes  the  form  of  a  triangle,  the 
slightly  curved  base  of  which  is  turned  toward  the  anterior  surfia^e  of  the 
lens,  while  its  apex  is  lost  in  its  nucleus. 

In  the  greater  proportion  of  Fishes  and  Amphibia  and  some  Mammalia 
(the  Babbit,  Hare,  Dolphin)  the  anterior  as  well  as  the  posterior  ends  of  the 
lens-fibres  terminate  in  the  manner  described,  so  that  the  posterior  and  an- 
terior sutures,  which  have  the  appearance  of  straight  lines,  do  not  lie  in  the 
same  plane,  but  cross  each  other  at  right  angles^  In  this  case  the  fibres  do 
not  pass  around  the  entire  half  of  the  lens,  but  only  a  portion  of  it,  and  this 


Fig.  339.  Similar  section 
from  the  lens  of  the  Chicken. 
a,  epithelial  cells;  Ik,  perpen- 
dicolar  so-called  radial  fibres; 
6,  their  transition  into  meridi- 
onal fibreij  d^  meridional  fi- 
bres ;  6.  stmotoreleas  sub- 
tance ;  /,  capsule. 
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happens  as  follows : — If,  for  instance,  the  anterior  end  of  a  fibre  begins  at 
the  end  of  the  anterior  suture,  it  ends,  passing  backwards  in  a  meridional 
direction,  in  the  middle  of  the  posterior  suture,  and  consequently  in  the 
axis  of  the  lens.  If  a  fibre  begins  in  the  middle  of  the  anterior  suture  it 
terminates  at  the  end  of  the  posterior  suture.  In  the  Human  foetus,  in  the 
newly  bom,  and  in  many,  perhaps  in  the  majority  of  animals,  the  junction 
of  the  fibres  on  the  anterior  as  well  as  the  posterior  surface  of  the  lens  dis- 
plays a  complicated  arrangement  as  follows :  The  sutures  form  a  sort  of  star, 
containing  three  principal  radii,  whose  point  of  union  corresponds  to  the 
axis  of  the  lens.  The  angle  thus  formed  by  any  two  of  these  radii  equals 
120°.  The  radii  of  the  anterior  and  posterior  star  do  not  lie  in  the  same 
plane,  but  are  arranged  in  such  a  way  that  the  plane  of  each  anterior  radius 
falls  half  way  between  two  radii  of  the  posterior  star ;  in  other  words,  the 
anterior  and  posterior  stars  are  twisted  one  upon  the  other  at  an  angle  of 
60°.  Finally,  there  are  animals  in  whom,  as  also  in  the  Human  adult,  the 
stars  consist  of  a  greater  number  of  radii.  Thus,  for  example,  in  Man  we 
may  count  as  many  as  nine  radii  in  the  anterior  ^tar,  and  in  the  posterior 
star  even  more.  (Figs.  340  and  341.)  Not  infrequently  the  radii  divide 
at  their  ends,  but  even  with  this  complication  the  radii  of  the  anterior  and 
posterior  stars  do  not  lie  in  the  same  plane.  Moreover,  this  complication 
affects  only  the  most  superficial  layers  of  the  lens,  since  in  the  deeper  layers 
these  compound  stars,  as  has  been  observed  in  the  lens  of  the  full-grown 
Man,  transform  themselves  into  stars  with  three  radii. 

Fig.  840. 


Fig.  340.    Anterior  star  of  lens. 

All  former  investigators  (Wemeck,  Hannover,  Kolliker,  Henle,  Leidig, 
Becker  and  others)  thought  that  the  ends  of  the  fibres  did  not  come  into 
immediate  contact  with  one  another  at  the  radii  of  the  star,  but  that  be- 
tween them  there  was  an  interspace  filled  with  a  structureless  or  granular 
substance,  and  this  was  considered  to  be  a  constant  element  of  the  lens. 
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Since  now  the  stars  pass  through  all  the  layers  of  the  lens,  therefore  it  was 
supposed  that  there  must  be  fissures  consesponding  to  the  rays  of  these  stars, 
and  penetrating  from  both  anterior  and  posterior  sur£ace  towards  the  nu- 
cleus of  the  lens.     Becker  {Archiv  fiJIn'  Ophthalmoloffiey  1863)  ascribed  to 

Fig.  841. 


Fig.  841.    Posterior  star  of  lens. 

these  fissures — which,  according  to  him,  are  during  life  filled  with  a  semi- 
fluid, perfectly  homogeneous,  transparent  substance — a  special  importance  in 
the  physiological  function  of  the  lens.  He,  in  fact,  believed  that  these 
fissures  communicated  by  means  of  openings  in  their  walls  with  special 
canals,  which  spread  out  between  the  fibres  of  the 
Pig.  343.  crystalline  lens  (interfibrillar  passages),  so  that  dar- 

ing the  changes  incident  to  the  act  of  accommoda- 
tion the  contents  of  the  stellate  fissures  might  be 
emptied  into  these  passages,  or  the  reverse.  But 
even  Kolliker  declared  in  his  MtcroscopiccU  Anat- 
omy (p.  711)  that,  where  the  ends  of  the  fibres  were 
well  preserved,  he  found  very  little  of  the  substance 
mentioned.  Hensen  affirmed  that  the  passages  de- 
scribed by  Becker  were  artificially  produced,  and 
SernofT  finally  demonstrated  that  neither  stellate 
fissures  with  their  contents,  nor  the  interfibrillar 
passages  have  any  existence.  The  latter  author 
showed  that  in  quite  fresh  and  well-hardened  prep- 
arations the  lens-fibres  impinge  directly  upon  one 
another  at  the  rays,  and  that  the  rays  themselves, 
when  viewed  with  high  magnifying  powers,  appsar 
as  undulating  lines.  (Fig.  342.)  Oarefiilly-made 
sections  of  the  lens  in  any  direction  show  likewise 
that  between  its  fibres  no  interspaces  exist.  It  is 
thus  demonstrated  that  the  structureless  substance  as  well  as  the  inter 


Fig.  342.  Horizontal 
section  through  a  suture 
of  the  lens  of  the  Ox, 
showing  the  manner  in 
which  the  lens-fibres  at 
this  point  impinge  upon 
one  another. 


Digitized  by 


Google 


THE  LENS.  .   887 

fibrillar  passages  described  by  Becker  are  nothing  more  than  artificial  pro- 
ducts, the  former  of  which  obviously  depends  upon  a  degeneration  of  the 
ends  of  the  lemkfibres,  while  the  latter  are  caused  by  careless  and  roughly 
made  sections  with  consequent  displacement  of  the  fibres. 

With  regard  to  the  lens-fibres  we  know  that  their  length,  thickness,  etc., 
differ  in  the  different  layers ;  nevertheless  they  alw&ys  retain  the  character 
.of  fiat  bands,  which  in  sections  present  themselves  as  larger  or  smaller  elon- 
gated octasigons.  If  the  section  passes  tlirough  several  fibres  in  their  natu- 
i-al  position,  we  shall  have  a  figure  which  reminds  us  of  the  honey-comb, 
whose  cells  are  drawn  out  in  one  and  the  same  direction  parallel  to  the 
surface  of  the  lens.  (Figs.  343  and  344.)  From  this  transverse  section  we 
may  see  how  the  border  of  one  fibre  is  inserted  into  the  angle  formed  by  the 
borders  of  the  neighboring,  adjacent  fibres.  In  Birds  these  octagons  are 
very  long  and  narrow,  which  shows  that  in  them  the  fibres  are  much  flatter 
than  in  ^e  Mammalia.     (I  refer  the 

ao-called  radial  fibres  in  Birds  to  the  Fig?  343. 

anterior  epithelial  layer  of  the  lens.)  «  ^  ' 

In  Fish  the  fibres  are  so  flat  that  it  is 
difficult  to  say  with  certainty  what 
form  they  possess  in  transverse  sec- 
tions. 

In  general  the  most  superficial  lens- 
fibres  are  broader  and  thicker  than 
those  which  are  more  deeply  situated. 
Also  the  dimensions  of  the  same  fibres 
in  transverse  sections  are  not  every-         Fig.    843.      Perpendioular       section 

where  the  same.    In  Man  those  fibres    ^?,^^   ^T'^^'t^  tt  ^f.  ^^^ 
,  .  ,    ,.       ^   ^,      ,       ,         -  J,       ,  poeition.      a,   from  the  Uali;  o.  from 

which  lie  at  the  border  of  the  lens,     ^^  Chicken. 

and  which,  as  above  stated,  are  curved 

outward,  are  thicker  at  their  ends  than  in  the  middle.  Those  fibres  on 
the  other  hand  which  lie  nearer  to  the  nucleus,  and  whose  ends  bend  to- 
ward the  axis  of  the  lens,  gradually  taper  off  from  the  centre  ;  their  ends, 
however,  become  somewhat  broader  again.  In  the  Mammalia  the  great^er 
portion  of  the  lens-fibres  terminate  at  some  point  on  the  surface  or  at  the 
rays  of  the  star  in  thickened  or  expanded  ends.  If  the  lens-fibres  reach  the 
axis  (as  is  the  case,  according  to  the  above,  with  certain  Fishes,  Amphibia, 
and  Birds),  or  if  they  meet  each  other  only  in  one  line  (as  in  the  Babbit, 
Hare,  etc.),  it  is  obvious  that  their  ends  do  not  expand,  but  gradually  grow 
smaller  from  the  equatorial  region  and  terminate  in  the  fiirst  case  quite 
pointedly,  and  in  the  second  case  more  or  less  obtusely. 

The  contours  of  the  fibres  are  likewise  diverse.  In  all  animals  the  sui)er- 
ficial  fibres  always  have  smooth,  and  the  deeper  ones  uneven  and  even  ser- 
rated edges.  This  is  least  frequently  the  case  in  Man,  and  occurs  in  pre- 
ference at  the  ends  of  the  fibres.  The  serration  is  more  pronounced  even  in 
the  Mammalia,  and  still  more  in  the  Amphibia  and  in  Birds.  In  the  ma- 
jority of  Fishes  the  fibres,  as  Brewster  indeed  showed,  are  beset  with  very 
long  and  regular  teeth.  (Fig.  344.)  However  long  the  teeth  may  be,  they 
diminish  in  length  toward  the  ends  of  the  fibres,  and  finally  become  only 
wavy  inequalities.  The  teeth  of  one  fibre  are  directed  toward  the  teeth  of 
the  adjacent  fibres,  and  possibly  under  some  circumstances  interlock  with 
them ;  this  is  decidedly  not  the  case  in  the  Mammalia  and  in  Birds. 

Those  fibres  which  are  situated  immediately  upon  tlie  border  of  the  lens, 
and  for  a  certain  distance  inwards,  all  possess  a  single,  sharply  contoured, 
oval  nucleus,  in  the  centre  of  which  a  round  nucleolus  may  be  seen.     These 
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nuclei  are  differently  situated  in  different  fibres.  In  the  neighboring  fibres, 
however,  they  are  not  far  separated  from  one  another,  so  that  in  meridional 
sections  of  the  lens  they  form  a  more  or  less  broad  and  variously  curved 
belt,  the  so-called  nuclear  zone  of  Meyer,  which  proves 
to  be  an  immediate  continuation  of  a  regular  row  of  epi- 
thelial nuclei.     (Figs.  338  and  339.) 

Bitter  {Archivfur  Ophth.,  Bd.  xiL,  Abth.  1,  p.  17)  dis- 
covered in  the  centre  of  the  lens  of  the  Frog  short  fibres 
with  nuclei,  or,  more  properly  speaking,  c^lls  which,  in  his 
opinion,  represented  the  formative  elements  of  the  lens- 
fibres.  Semoff  found  similar  cells,  but  in  the  Frog  only. 
If  we  bear  in  mind  that  these  cells  are  very  resistant,  that 
their  surface  is  generally  very  irregular  and  wrinkled,  that 
liuclei  are  not  always  found  in  them,  or  when  found  pre- 
sent an  irregularly  serrated  appearance,  it  seems  much 
more  reasonable  to  consider  them  as  the  remains  of  old 
embryonal  cells,  which  have  reached  only  a  certain  stage 
of  development,  rather  than  as  young  formative  cells  or 
productive  material  of  the  lens-fibres. 

The  consistence  of  the  lens-fibres  varies  according  to 
the  layers  in  which  they  are  found.  The  superficial  fibres 
are  generally  very  soft  and  delicate,  and  are  easily  resolved 
by  macerating  fluids  into  separate  drops  of  various  size 
(vitreous  globules),  and  partly  also  into  a  finely  granular, 
structureless  mass.  This  resolution  occuss  also  sponta- 
neously after  the  death  of  the  animal.  Since  this  degen- 
erative process  attacks  at  first  the  extremities  of  the  fibrea, 
it  is  plain  that  its  products  must  collect  first  of  all  at  the 
lens-star ;  these  products  were  formerly  held  for  normal  elements  of  the  lens. 
Moreover,  under  certain  conditions  vacuoles  occur  in  the  fibres ;  often 
under  such  circumstances  their  borders  appear  as  it  were  gnawed  out.  The 
deeper  and  the  nearer  the  centre  the  fibres  He,  the  more  resistant  are  they, 
and  the  less  easily  affected  by  reagents. 

The  authors  generally  assign  to  the  lens-fibres  a  sheath,  and  therefore  de- 
scribe them  by  another  name,  namely,  as  the  tubes  of  the  lens.  But  it  is 
exceedingly  difficult  to  prove  the  presence  of  a  sheath,  especially  in  the  ex- 
ceedingly tliin,  serrated  fibres  of  the  Fish,  and  the  grounds  upon  which  the 
authors  rely  are  even  less  tenable  than  those  which  favor  the  existence  of  a 
membrane  on  the  blood-globules.  Longitudinal  and  transverse  strife  are 
also  described  as  existing  in  the  lens-fibres.  But  this  striation  is  so  seldom 
observed,  and  presents  so  many  irregularities  and  inconsistencies  in  its  ar- 
rangement, that  we  are  not  justified  in  regarding  its  presence  as  an  indica- 
tion of  the  minute  internal  structure  of  the  lens-fibres ;  this  must  rather  be 
considered  as  an  accidental  wrinkling  and  irregularity  of  the  fibres. 

Under  the  influence  of  dilute  mineral  acids,  alcohol,  and  by  cooking,  the 
fibres  of  the  lens  become  opaque,  and  their  contours  at  the  same  time  become 
more  sharply  defined.  This  depends  upon  the  fact  that  albumen  forms  one 
of  their  most  important  elementary  parts,  namely,  in  a  preponderating  mass 
of  globulin,  with  a  certain  amount  of  albuminate  of  potash  and  the  ordinary 
albumen  of  serum.  Moreover,  among  the  ingredients  of  the  lens-fibres 
there  is  some  fatty  matter  with  traces  of  cholesterin,  60  per  cent,  of  water, 
and  not  more  than  ^  per  cent,  of  salts.  The  qualitative  conditions  must 
change  according  to  the  layers  to  which  the  fibres  belong ;  for  aside  from 
the  fact  that  the  central  fibres  are  more  resistant,  the  nucleus  of  the  lens 


Fig.  344.  Iso- 
lated lens-fibree. 
A,  from  Man ;  By 
from  the  Fish  ; 
a,  middle  por- 
tion ;  5,  end. 
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becomes  much  harder  by  the  action  of  reagents  than  the  superficial  layers, 
so  that  in  the  Fish,  for  example,  the  nucleus  remains  transparent,  becoming 
at  the  same  time  hard,  and  difficult  to  cut.  The  cloudiness  and  formation 
of  vacuoles  in  the  lens-fibres  is  also  caused  by  agents  which  deprive  them 
of  water. 

In  regard  to  the  origin  of  the  body  of  the  lens  and  the  formation  of  the 
fibres  composing  it,  it  is  plainly  to  be  inferred  from  the  above  described  di- 
rect transition  of  the  anterior  epithelial  layer  into  the  posterior  fibrillar 
layer,  that  each  lens-fibre  is  nothing  but  a  colossal,  elongated,  epithelial 
cell ;  the  history  of  development  also  teaches  that  the  elements  of  the  lens 
substance  arise  from  the  epidermoid  or  external  layer  of  the  embryo. 

As  mentioned  above,  the  body  of  the  lens  is  surrounded  on  all  sides  by 
a  membrane,  which  is  completely  structureless,  smooth,  and  transparent. 
Only  in  cases  where  this  membrane  is  very  thick  is  it  possible  in  transverse 
sections  of  hardened  preparations  to  recognize  a  longitudinal  striation, 
which  points  toward  a  division  into  layers.  The  capsule  is  not  everywhere 
equally  thick.  The  anteiior  half,  and  especially  that  portion  which  is  ad- 
jacent to  the  point  of  attachment  of  the  zonula  Zinnii,  is  always  thicker 
(in  Man  nearly  twice  as  thick)  than  the  posterior  half.  It  is  thinnest  at 
the  posterior  pole.  The  substance  of  the  capsule  is  quite  resistant  and  very 
elastic.  When  incised  it  readily  rolls  itself  outwards.  Some  authors 
have  found  epithelial  cells  upon  the  posterior  surface  of  the  capsule,  which 
probably  arose  from  the  fact  that  the  inner  surface  of  the  anterior  capsule 
was  considered  and  described  as  covered  with  epithelial  cells.  But  it 
woidd  be  more  natural,  in  view  of  the  mode  of  development  of  the  lens, 
to  take  a  reversed  view  of  the  matter,  namely,  to  consider  that  the  epi- 
thelium, which  forms  the  anterior  layer,  and  is  the  direct  continuation  of 
the  posterior  layer,  is,  like  the  latter,  also  covered  by  the  capsule.  It 
would  seem  that  either  the  impress  of  the  posterior  ends  of  those  fibres 
which  impinge  directly  upon  the  capsule,  or  the  globular  structures  which 
are  formed  by  the  disintegration  of  these  ends,  had  been  taken  for  epithelial 
cells.  The  question  as  to  the  genetic  signification  of  the  capsule  of  the 
lens  ofiers  the  greatest  difficulties  in  its  solution.  It  is  said  indeed  that 
it  is  the  product  of  secretion  of  the  epithelial  cells  as  well  as  of  the  lens- 
fibres,  but  there  is  no  proof  whatever  of  this  position.  I  have  very  often 
noticed  that  the  first  foundation  of  the  capsule,  which  is  exceedingly  deli- 
cate, was  folded  and  separated  from  the  surface  of  the  embryonal  lens,  a 
state  of  affisdrs  which  poorly  coincides  with  the  idea  of  its  being  a  pro- 
duct of  secretion.  I  have  had  the  opportunity  of  seeing  (in  the  embryo 
of  the  Chicken)  in  preparations  made  by  Semoff,  who  occupied  himself  for 
a  long  time  with  this  question,  that  the  capsule  of  the  lens  contained  nuclei, 
and  it  would  perhaps  be  more  natural  to  reckon  it  among  the  metamor- 
phosed structures  of  the  connective  tissue.  The  question,  however,  has  ob- 
viously not  as  yet  been  brought  to  a  conclusion. 
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viL    THE  CORNEA. 

By  ALEXANDER  EOLLETT. 

The  cornea  of  the  eye  of  yertebrate  animals  ooncdsts  of  aeveral  layers  of 
different  kinds  of  tissues.  The  anterior  and  posterior  limits  of  the  layers 
run  nearly  parallel  to  the  surfaces  of  the  cornea ;  they  are  bounded  laterally 
at  the  margin  of  the  cornea  (limbus  oornese)  by  the  oonjunctiYa)  the 
sclerotica,  and  the  ligamentum  pectinatiim  iiidis. 

Layers  of  the  Gorneck.     (Fig.  345.) 

The  tissues  of  the  cornea  are  arranged  in  layers,  counting  from  without 
inwards  as  follows : — 

1.  The  external  epithelium  of  the  cornea,  fig.  345,  a — 6.  Tliis  is  a 
laminated,  flat  epithdium. 

2.  The  true  corneal  tissue  (substantia  propria  seu  fibrosa  corner,  fibrous 
layer  of  the  cornea,  lamellated  cornea),  fig.  345,  6 — c.  With  this  layer 
begin  those  layers  of  the  cornea  which  belong  to  the  tissues  of  the  con- 
nective substance. 

3.  The  membrane  of  Desoemet  (membrane  of  Demours,  membrana 
humoris  aquei,  vitreous  lameUa  of  the  cornea,  lamina  elastica  posterior- 
Bowman,  internal  basement  membrane — Henle,  fig.  345,  c — d).  A 
shai*ply  defined,  in  general  homogeneous  appearing  membrane. 

4.  The  endothelium  of  the  membrane  of  Descemet  (internal  epithelium 
of  the  cornea,  epithelium  of  the  membrane  of  Descemet,  epithelium  humoris 
aquei,  fig.  345,  d — 0),  a  simple  layer  of  flattened  cells. 

Sections  perpendicular  to  the  surface  of  the  cornea,  which  has  been 
hardened  in  either  chromic  acid,  MUller^s  fluid,  or  alcohol,  or  dried  or 
frozen,  exhibit  distinctly  the  arrangement  in  layers  described  above.  The 
layers  are  of  different  thickness,  the  thickest  being  that  formed  by  the  true 
corneal  tissue;  this  is  in  Man  about  one  mm.  in  thickness  at  the  peri- 
phery, in  the  centre  it  is  somewhat  thinner  (Briicke).*  Next  to  this  layer 
in  thickness  comes  the  external  epithelium,  which  in  Man  is  0.03  mnu 
thick  (Henle).f  Then  comes  the  membrane  of  Descemet,  in  the  adult 
0.006—0.008  mm.  in  the  middle,  and  at  the  border  0.01—0.012  mm.  in 
thickness  (H.  Miiller) ;  \  last  of  all  is  the  endothelium  of  the  membrane  of 
Descemet. 

The  picture  presented  in  such  sections  by  the  external  epithelium,  the 
membrane  of  Descemet,  and  its  endothelium  needs  no  further  preliminary 
explanation  (fig.  345) ;  the  appearances  presented  by  sections  of  the  true 
corneal  tissue,  however,  are  not  so  easily  understood. 

If,  for  example,  we  take  a  section,  colored  with  carmine,  from  an  eye 
hardened  in  MuDer's  fluid  (fig.  345,  h — c),  this  layer  presents  a  baud-like 
appearance.  The  substance  which  forms  the  groundwork  appears  by  no 
means  regular,  being  divided  into  stripes  (lamellse,  lamellse  of  Bowman),  or 
secondary  lamellaj  (Henle), §  which  take  a  longitudinal  course  pai-allel  to 
the  surface  of  the  cornea ;  this  division  is  accomplished  by  means  of 
elongated  figures   taking  Uie  same  direction,  and  being  in  some  places 

•  Anat.  Beschreibung  d.  mmscM.  Aitgapfds,    Berlin,  1847,  p.  9. 
f  Eingeweiddehre.    Brannschweig,  1866,  p.  605. 
1  ArMvfur  Ophth.    Bd.  it,  1.  Abth.,  p.  48. 


L.  c,  p.  606. 
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broader  and  in  Bome  places  narrowed  down  to  simple  lines.  The  broader 
portions  taper  off  and  become  oontinuons  with  the  lines,  which  either  serve 
as  connecting  links  with  the  broader  portions,  or  are  gradually  lost  in  the 
corneal  snbstonce.  Within  the  dilated  portions  lie  elongated  masses  which 
seem  to  be  darker  and  moL-e  highly  colored  than  the  groundwork.     These 

Fig.  845. 


Tig,  845.  Meridiocud  section  through  the  cornea  of  the  Human  adult,  from  an  eye 
hardened  in  MtUler's  fluid.  The  section  was  colored  with  carmine,  and  made  trans- 
parent by  the  oil  of  doves. 

masses  (the  corneal  coi-pnscles  of  Toynbee  and  Virchow)  either  completely 
fill  the  fissures  in  the  groundwork,  or,  as  in  other  places,  are  on  one  or  both 
sides  separated  from  the  groundwork,  being  smaller  than  the  deficiencies  in 
the  corneal  substance.  At  a  certain  distance  from  the  external  epithelium 
and  not  far  from  the  external  surface  of  the  cornea  (fig.  345),  these 
broader  figures  lie  more  closely  together  than  in  the  other  jjortions  of  the 
section ;  and  between  this  layer  and  the  external  epithelium  lies  a  band  of 
corneal  substance  which  is  broader  than  all  the  others  (lamina  elastica 
anterior — Bowman,  anterioi*  basement  membrane — Henle),*  fig.  345, 
^—6'.  This  reminds,  by  its  equable,  smooth  appearance,  of  the  membrane 
of  Descemet,  but  is  broader  and  never  so  sharply  defined  as  that.  Towai'ds 
the  epithelium  its  mai^ginal  contour  is  not  so  distinct  as  that  of  the  mem- 
brane of  Descemet  toward  the  internal  epithelium.  The  inner  border  of 
this  band  is  still  less  sharp,  since  it  gradually  passes  over  into  the  bridges 
of  corneal  substance  left  between  the  corpuscles.  The  condition  described 
is  very  distinctly  to  be  seen  in  sections  through  the  central  portions  of  the 
Human  cornea.  In  the  marginal  portions  the  appearance  is  somewhat  dif- 
ferent, since  in  this  region  bands  similar  to  those  of  the  corneal  substance 
pass  from  the  deeper  layers  to  the  edge  of  the  epithelium  and  thence  return 
again  (fibrae  arcuatffi),  the  so-called  supporting  fibres  (Henle).*  In  some 
animals,  in  the  Ox,  for  instance,  this  arrangement,  is  the  rule  in  all  parts  of 
the  cornea. 


♦  L.  a,  p.  605. 
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In  the  thin  come»  of  email  animals,  for  instance,  in  the  cornea  of  the 
Frog,  we  may  observe  the  arrangement  of  the  layers  by  placing  under  the 
microscope  the  cornea,  which  has  been  cut  out  with  a  pair  of  sharp  scissors 
and  immersed  in  liumor  aqueous,  and  examining  those  places  where  the 
membrane  has  been  thrown  into  folds.     In  this  connection  see  ^.  346. 

These  layers  of  the  cornea  must  now  be  examined  more  closely  with 
reference  to  their  minute  structure. 

Fig.  846. 


Fig.  346.  Corneal  layers  in  a  fold  of  the  'Frog's  cornea,  examined  fresh  in  humor 
aqueous,  aby  external  epithelium  ;  be,  corneal  tissue ;  d,  membrane  of  Descemet ; 
0,  endothelium  of  the  latter. 

The  true  Corneal  Tissue. 

The  true  corneal  tissue  belongs  to  the  tissues  of  the  connective  substance. 
As  microscopical  forms  of  it  we  may  distinguish  cells,  and  fibrils  arranged 
in  bundles,  which  latter  traverse  the  corneal  tissue  in  various  directions, 
and  finally  peculiarly-shaped  cavities  which  contain  the  corneal  cells.  In 
the  comeid  tissue,  therefore,  we  find  forms  not  unlike  those  of  the  fibrillar 
connective  tissue,  with  which  the  true  corneal  tissue  possesses  many  similar- 
ities; these  two  tissues  also  present  a  very  similar  and  nearly  related 
history  of  development.* 

27ie  cells  of  the  corneal  tissue.  "We  distinguish  in  the  corneal  tissue  two 
difierent  forms  of  cells. 

Toynbeef  gave  the  first  but  little-noticed  description  of  one  form  of  cells,  hat 
Virchow,  incidental  to  his  studies^  on  the  connective  substances,  brought  them  so 
forcibly  to  notice,  that  since  that  time,  under  the  name  of  corneal  oorpiucles  or  cor- 
neal corpuscles  of  Toynbee  or  Virohow,  they  have  afforded  even  to  our  own  day  a  rich 
theme  for  the  studies  and  disputes  of  histologists.  Von  Becklinghauseng  first  called 
attention  to  the  second  form  of  cells  in  the  corneal  tissue.  This  latter  form  will  be 
considered  by  us  first. 

Wandering  cells,  and  infiltration  of  the  cornea  with  wandering  cells. 
The  wandering  cells  (movable  cells  of  the  cornea,  Y.  Recklinghausen)!  are 
to  be  recognized  in  the  living  tissue  by  their  active  amoboid  movements.1[ 

They  are  easily  to  be  found  in  any  freshly  extirpated  Frog's  cornea  which 

*  Compare  this  handbook,  pp.  53 — 66,  and  pp.  67 — 68. 
f  PhilMopK  Transactions,  1841,  Part  ii  p.  179. 

X  Wurzburger  Verhandlungen.  Bd.  ii.,  pp.  154and  314.  CeUularpathciogie.  Strobe, 
Der  normale  Bau  der  Hornhaut  u.  die  pathol,  Ahweichtmgen  in  demsdben,  Disi. 
inaitg,  Wurzburg^  1851. 

*'  Ueber  Eiter-  und  Bindegewebskorperohen.*'    Virchow's  Arckiv^  Bd.  28,  p.  157. 
[L.  a,p.  168. 
Compare  this  handbook,  pp.  57  and  58. 
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is  placed  tinder  the  microscope  in  a  moist  chamber,  with  the  addition  of  a 
little  humor  aqueous,  and  with  the  membrane  of  Descemet  upwards  (v. 
Hecklinghausen,  Engelmann).* 

Their  number  varies  in  different  comese.  They  appear  more  distinct  and 
sharply  defined  after  the  preparation  has  stood  for  some  time,  and  then 
ihej  attract  attention  by  their  lustre.  Their  active  changes  in  form  resem- 
ble perfectly  those  of  the  amoboid  cells  of  the  Frog's  blood,  or  of  the  pus 
corpuscles  found  in  the  humor  aqueous  of  the  same  animal.  In  the  corneal 
tissue,  however,  their  forms  are  often  markedly  lengthened,  and  also  very 
small.  The  movable  cells  wander  about  in  the  tissue.  This  phenomenon 
can  only  be  understood  when  we  take  into  consideration  not  only  the 
mobility  of  Jbhe  cells,  but  also  the  penetrability  of  the  medium  (the  corneal 
tissue)  in  which  we  observe  them.  Beserving  the  latter  consideration  for 
a  future  time,  let  us  take  for  granted  the  penetrability  of  the  tissue  and 
follow  the  cells  independently. 

Wandering  cells  are  to  be  fotind  throughout  the  whole  corneal  tissue. 
The  paths  which  they  follow  are  various,  but  generally  strongly  curved  (v. 
Recklinghausen).f  Nevertheless  they  may  also  take  a  straight  course.  In 
the  latter  case  the  transit  of  a  cell  through  the  field  of  a  Kellner's  microscope 
occupies  from  half  an  hour  to  an  hour  (v.  Recklinghausen).  The  wander- 
ing cells  are  to  be  observed  in  the  fresh  corne»  of  other  animals  as  well  as 
in  the  Frog. 

Among  the  Mammalia,  observations  on  this  point  have  been  made  on  the 
Rat,  the  Rabbit,  the  Dog,  the  Sheep,  the  Ox,  and  the  Pig  (v.  Recklinghausen). 
But  for  this  purpose  it  is  necessary  to  make  thin  sections  of  the  thicker 
comese  with  a  sharp  knife.  The  wanderings  are  often  quite  as  well  marked 
as  in  the  Frog,  although  not  in  every  case. 

The  wandering  cells  of  the  Frog's  cornea  are  changed  into  roundish,  highly 
refractive  bodies,  with  short  processes  or  off-shoots,  when  the  comea  is  im- 
mersed in  a  moderately  strong  solution  of  sugar  (v.  Recklinghausen,  Engel- 
mann) .  The  number  of  the  wandering  cells  increases  considerably,  if  inflamma- 
tion be  excited  by  cauterization  with  nitrate  of  silver  (purulent  infiltration). 
The  case  is  the  same  in  every  traumatic  keratitis  excited  by  other  means. 

After  in  the  first  place  the  amoboid  oharacter  of  the  pus-cells,  which  appear  in  the 
humor  aqueous  after  inflammation  of  the  oomea,  had  been  established,  and  also  the 
earlier  views,  defended  by  Virchow,  concerning  the  identity  of  the  pns  corpuscles  with 
the  white-blood  corpuscles  had  been  already  set  forth,  it  instantly  became  known  that 
the  pus-corpnscles  in  purolent  infiltration  of  the  comea  possess  the  same  capability  of 
motion,  and  that  similar  amoboid  cells,  although  few  in  number,  occur  in  tiie  normal 
cornea  as  wandering  cells  (v.  Recklinghausen)  4 

In  the  study  of  the  cornea  we  cannot  avoid  a  doser  inquiry  into  the  origin  of  the  amo- 
boid cells  which  make  their  appearance  in  purulent  infiltration;  and* for  the  reason 
that,  as  we  shall  hereafter  see,  the  studies  on  this  subject  take  a  decided  part  in  the 
controversies  on  the  character  and  signification  of  those  cell- forms  in  the  cornea, 
which  were  formerly  designated  by  the  name  corneal  corpuscles,  or  corneal  corpuscles 
of  Toynbee  or  Virchow. 

In  the  first  place  attention  was  drawn  to  appearances  which  gave  rise  to  the  opinion 
that  the  opacity  of  the  cornea  in  traumatic  inflammation  was  due  to  a  proliferation 
of  the  cells  (nuclei)  contained  in  the  comea  (Bowman).  § 

When  the  corneal  corpuscles  began  to  be  more  carefully  examined,  their  changes 

•  Ueber  die  Homhavt  de»  Auges,  Leipzig,  1867,  p.  8. 

♦  L.  a, p.  171. 

1  L.  c,  p.  157—171. 

§  Lectures  on  the  Pctrta  eonoemedin  the  Operations  on  the  Eye^  and  on  the  Structure 
of  the  Retina.    London,  1849,  p.  29,  fig.  5. 
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in  infiaanmatioxi  became  the  tsabjeot  of  inyestlgatioii  (Virdiow,*  StziLbe),t  and  the  at- 
tempt was  made  by  prolozsg^ed  studies  in  this  direction  (His,!  Weber,  §  Exndfleisch,! 
Iianghanns)l[  to  give  a  more  definite  form  to  the  idea  of  the  derivation  of  pus  cor- 
puscles from  the  corneal  corpuscles.  Finally,  after  the  recognition  of  the  amoboid 
character  of  the  wandering  ceUa,  it  was  suggested  how  the  corneal  corpuscles,  either 
directly  or  by  consequent  oell-diyision,  might  be  transf  onned  into  wandering  oeUs  (r. 
Becklinghausen).  ****  But  at  the  same  time  it  was  also  ascertained  that  comee  which 
had  been  extirpated  from  various  animals,  and  which  while  still  living,  or  after  pre- 
vious death,  haid  been  preserved  in  the  lymph-sacs  of  the  living  Frog,  absorbed  at 
their  margins  numerous  amoboid  cells  from  the  neighboring  tissues  (v.  Reckling- 
hausen), f  f 

And  only  a  few  yean  later  the  theory  was  broached  that  the  pna  oorpusdes  of 
Keratitis  in  the  living  animal,  as  well  as  of  inflammation  in  other  organs,  ahould  be 
considered  for  the  most  part  as  white  blood  corpuscles,  that  had  emigrated  and 
wandered  into  the  tissue  of  the  cornea  (Cohnheim).|t  This,  as  soon  appeared,  was  a 
return  to  forgotten  ideas,  which  had  long  ago  been  proposed  on  the  ground  of  direct 
observation  uiK>n  the  subject  of  the  formation  of  pus  (Waller).  §g  These  observatioiia 
related  primarily  to  the  ability  of  the  blood  corpuscles  to  pass  through  the  walla  o£ 
the  vessels ;  an  occurrence  which  has  only  been  demonstrated  in  a  satisfactory  way 
by  recent  direct  observations  on  the  passage  of  red  ( Strieker)  ||  and  white  blood  cor- 
puscles (Cohnheim)^[lf  through  the  walls  of  the  vessels. 

The  origm  of  the  numerous  pus  corpuscles  which  make  their  appearance  in 
purulent  infiltration  of  the  cornea  should  therefore,  it  was  said,  be  sought  only  in  the 
blood  and  not  in  the  corneal  corpuscles,  since  the  latter  remain  entirely  unchanged  in 
the  infiltrated  portions  of  the  cornea  (Gohnheim).  Moreover  the  purulent  infiltration 
was  said  always  to  begin  at  the  maigin  of  the  cornea,  at  that  portion  therefore  which, 
as  we  shall  hereafter  see,  is  furnished  with  vessels ;  and  granular  pigments  (anilin 
blue,  vermilion)  which  had  been  introduced  into  the  droulation  at  some  remote  point 
reappeared  in  the  pus  corpuscles  of  the  cornea  (Oohnheim).*** 

In  contradiction  to  this  opinion  it  has  been  proved  that,  in  a  breeding  chamber  con- 
structed by  V.  Recklinghausen,  a  collection  of  movable  cells  made  their  appearance 
around  the  irritated  spot,  even  in  the  comesB  of  Mammalia  and  Frogs  which  had  been 
cut  out  and  cauterized.  But  these  cells  should  be  considered  as  the  genetic  snocesaon 
of  the  simultaneously  disappearing  corneal  corpuscles  (F.  A.  Hoffmann),  fff  The 
opacity  commencing  at  the  maigin  of  the  living  cornea  which  has  been  cauterised 
(His,  Gohnheim)  should  certainly  be  considered  as  due  to  wandering  cells  from 
the  blood,  but  the  opacity  around  the  point  of  irritation  should  be  attributed  to  this 
proliferation  of  the  corneal  ooipuscles  (F.  A.  Hoffmann). ffl 

On  the  other  hand  it  was  claimed  in  favor  of  the  non-participation  of  the  corneal 
corpuscles  in  the  formation  of  pus,  that  no  opacity  appeared  in  the  Frog's  cornea 
after  cauterization,  if  the  blood  of  the  animal  had  previously  been  (as  Gohnheim 
imagines)  entirely  displaced  by  a  0. 75  per  cent,  solution  of  common  salt  injected 
through  the  vena  abdominalis  for  one  to  two  hours.  This  would  speak  decidedly  for 
a  non-participation  of  the  corneal  corpuscles  in  the  formation  of  pus  (Gohnheim).  §§§ 

Shortly  after  this,  however,  new  researches  were  published  (Norris  and  Strieker),  ||| 

*  **  Ueber  parenchymatose  Entzfindnng.^'    Yirdhow's  Archiv,  Bd.  !▼.,  p.  859. 

f  L.  o. 

I  Beitrdge  zur  norm,  und  path,  Btxtdogie  der  Hbmhaut.    Basel,  1856,  p.  45. 

§  ^*  Zur  Entwickeliuigsgeschiohte  des  Eitezs.*'    Virchow's  Arekk>y  Bd.  xv.,  p.  475. 

I  '^  Untenmchnngen  fiber  die  Bhitstehung  des  Biten."  yirchow*s  ArMtfy  Bd. 
xvn.,  p.  239. 

1C  **  Das  Gewebe  der  Homhaut  im  normalen  vnd  patholog.  Zustande."  Zeiigehr. 
fur  rat.  Med.    3  Reihe.    Bd.  xR,  p.  22. 

•♦  L.  c,  p.  181.  tt  ^-  c^i  P-  1^- 

tt  ''  Ueber  Entzfindung  und  Eiterung."    Virohow's  Archit^  Bd.  xL,  p.  1. 

^§  Philosophical  Magazine,  1846.    Tome  29,  pp.  271andd»8. 

J  I  SitgungBberichte  der  Wiener  Akademie,    Bd.  52,  p.  879. 
n  li.  c,  p.  38.  ••*  L.  a 

f f f  ^'  Ueber  Eiterbildung  in  der  Gomea."    Virohow's  ArMv.  Bd.  42,  p.  20L 
m  L.  c,  pp.  209—217. 

|§^  '*'  Ueber  das  VerhaJten  der  fizen  Bindegewebakorpexehen  bei  der  EnWIn- 
dung."    Virchow's  Arehiv,  Bd.  xlv.,  p.  833. 

mij  Studien  aus  dem  InsUttUe  fur  exp&rimentdU Batholo^  TPSmw  Henm^gege- 
ben  Von  Strieker,  1870,  pp.  1, 18,  and  31. 
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in  which  the  proliferation  of  the  corneal  corpnaoles  in  inflammation^  and  the  transfor- 
mation of  the  same  into  wandering  cells,  are  most  condnslvely  maintained,  and  illus- 
trated by  a  number  of  drawings. 

There  are,  therefore,  according  to  the  various  anthers,  two  distinct  sonrces 
of  origin  for  the  wandering  cells  of  the  cornea,  and  these  are  claimed  in  dif- 
ferent ways  :  the  blood  alone,  the  corneal  corpuscles  alone,  or  both  together. 

We  shall  take  up  these  questions  again,  after  we  have  first  become  better 
acquainted  with  the  characters  and  appearances  of  the  second  form  of  cor- 
neal cells. 

77is  ceUvIar  netvxyrk  of  the  cornea.  The  corneal  corpusdes.  Corneal 
corpuscles  of  Toynhee  or  Yirchow,  Stdlate  (radiating)  corneal  corpus- 
cles. Immovable  corneal  corpusdes  (v.  Eecklinghausen).*  Fixed  corneal 
c&rptisdes  (Cohnheim).  These  structures  present  for  our  consideration 
nucleated  cells  devoid  of  a  membrane.  Each  cell  possesses  a  flat  body  and 
a  similarly  shaped  nucleus ;  the  small  diameter  of  the  cell  stands  perpen- 
dicularly to  the  surface  of  the  cornea,  or  deviates  but  little  from  this  direc- 
tion. The  flat  surface  of  the  cell  therefore  presents  itself  if  we  view  it 
perpendicularly  to  the  surface  of  the  cornea,  or  observe,  under  the  micro- 
scope, sections  parallel  to  the  surface.  The  edge  of  the  flat  cell  then 
appears  irregular,  since  from  it  a  greater  or  less  number  of  processes  pass 
off  in  every  direction. 

These  processes  divide  into  branches,  at  the  same  time  diminishing  in 
size ;  they  do  not  meanwhile  remain  in  the  same  plane  with  the  flat  body 
of  the  cell,  but  deviate  from  it  above  or  below.  The  processes  arising  from 
the  neighboring  cells  also  unite  with  one  another,  so  as  to  form  a  cellular 
network  which  traverses  the  whole  cornea.  The  meshes  of  this  network 
are  of  various  form ;  not  infrequently  the  frame-work  formed  by  the  pro- 
cesses of  the  cells  appeai-s  regularly  rectangular.  The  substance  of  the  cells 
and  that  of  their  processes  have  always  the  same  appearance,  often  smooth 
and  homogeneous,  often  finely  granular. 

The  preceding  general  description  of  the  cellular  network  formed  in  the 
corneal  tissue  by  the  corneal  corpuscles  corresponds  to  a  definite  condition 
of  the  cells,  and  is  repeated  in  the  comese  of  the  most  diflerent  animals  (the 
Frog,  Triton,  Dog,  Cat,  Ox,  Rabbit,  Guinea-pig,  Pig,  Sheep,  Hedgehog,  Bat, 
Rat,  Mouse,  Fox),  and  of  Man  in  an  exactly  similar  manner. 

In  res))ect  to  the  form  and  arrangement  of  the  cells  and  their  processes^ 
this  description  of  the  corneal  corpuscles  agrees  with  that  which  has  pre- 
vailed since  His  f  described  the  beautiful  pictures  obtained  from  prepara- 
tions made  with  pyroligneous  acid.  In  respect  to  the  character  of  the  cells 
and  processes,  formed  and  arranged  as  above  described,  we  have  expressed 
our  opinion  in  conformity  with  the  recent  views  concerning  the  cell-theory. 
While  immediately  after  the  above-mentioned  work  of  His,  many  histologists 
with  him  considexed  the  cellular  network  as  hollow,  the  cells  and  their  pro- 
cesses being  provided  with  membranes,  after  the  manner  of  the  plasmatic 
network  ascribed  by  Virchow  to  the  tissues  of  the  connective  substance,  we 
recognize  it  as  a  protoplasmic  network  (Kiihne)  spreading  throughout  the 
entire  cornea. 

This  opinion,  however,  is  not  undisputed.  The  cellular  network  of  the 
stellate  corneal  corpuscles  has  also  been  affirmed  to  be  an  artificial  product. 

It  has  been  held  that  in  point  of  £Btct  the  corneal  cells  would  seem  rather 

•  L.  c,  p.  180. 

t  WUrzlf.  VerhandLj  Bd.  iv.,  p.  90. 
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to  be  transparent  plates  of  elastic  nature,  with  oval,  elongated,  or  irregu- 
larly indented  single  or  seldom  doubled  nuclei.  These  cell-plates  would 
then  resemble  endothelial  cells;  and  since  flat  nucleated  cells  have  been 
demonstrated  in  the  tendons  (by  Ranvier),*  the  opinion  might  gain  gromid 
that  flat  cells  arranged  in  rows  in  the  connective  tissue  play  a  more  or  less 
exclusive  (?)  r61e  (Schweigger-Seidel).f 

Our  examination  of  the  corneal  corpuscles  will  lead  us  to  the  conclusion 
that  this  theory  of  elastic  ceU-plates  cannot  be  maintained  in  opposition  to 
the  old  idea  of  branched  corneal  corpuscles  combining  to  form  a  networic 
Let  us  now  undertake  the  examination  of  these  cells  in  the  living  tissue  (v, 
Eecklinghausen,^  Kuhne,§  Engelmann).|| 

If  we  place  under  the  microscope  a  living  cornea  which  has  been  rapidly 
excised  with  a  small  border  of  the  adjacent  sclera,  and  moisten  it  widb 
humor  aqueus,  it  will  at  first  present  an  appearance  as  homogeneous  as  that 
of  the  perfectly  transparent,  clear,  fresh  cornea  (Engelmann,^  Strieker)  ;** 
only  where  folds  and  wrinkles  exist  the  picture  represented  in  fig.  347 
will  soon  be  developed  (Engelmann). 

.  After  a  time  the  wandering  cells  first  make  their  appearance,  and  soon 
the  corneal  corpuscles  also,  at  first  as  dull  stars  (v.  Kecklinghausen,f f  Engel- 
mann ),JJ  or  as  spindle-shaped  figures  (Kiihne  ),§§  in  which  neither  granules 
nor  nuclei  are  to  be  seen. 

Sooner  or  later,  however,  small  granules  and  the  generally  elongated 
nuclei  become  visible,  and  the  corneal  corpuscles  are,  in  consequence,  more 
distinct.  The  close  conformity  of  the  index  of  refraction  in  all  portions  of 
the  fresh  coi-nea  is  therefore  gradually  lost  in  the  excised  cornea.  At  first 
it  is  only  with  difl&culty  and  in  certain  parts  that  the  corneal  corpuscles 
may  be  followed;  afterward  the  task  becomes  more  and  more  easy.  The 
Frog's  cornea,  removed  from  an  eye  which  has  been  kept  for  some  time  in 
a  moist  atmosphere,  is  particularly  suited  for  the  demonstration  of  the  cor- 
neal corpuscles  ( Kiihne).  |||| 

If  the  excised  cornea  of  the  Frog  be  preserved  for  twenty-four  hours  in 
the  sac  of  the  Frog's  nictitating  menibrane  (Stiicker),^^^  we  shall  have  the 
appearances  represented  in  fig.  347. 

In  this  case  it  is  easy,  by  adjusting  the  focus,  to  follow  the  network 
formed  by  the  corpuscles  throughout  the  whole  cornea. 

The  chloride  of  gold  (Cohnheim)***  is  a  very  excellent  agent  for  displaying 
the  cellular  network  of  the  cornea.  The  fresh  cornea  of  the  Frog  immersed 
in  a  0.5  per  cent,  solution  imtil  it  becomes  yellow  throughout,  and  then 
exposed  in  water,  with  a  few  drops  of  acetic  acid,  to  the  action  of  light,  soon 
acquii'es  a  reddish  or  bluish  color ;  a  cornea  thus  treated,  and  after  several 
days  examined  under  the  microscope  in  glycerine,  the  anterior  epithelium 
having  been  brushed  oft",  presents  one  of  the  most  beautiful  pictures,  in  so 
far  as  regards  the  completeness  and  distinctness  of  the  cellular  netwoik, 
which  is  colored  red  or  blue  by  the  reduced  gold  (fig.  348,  a), 

*  Archives  de  PhpsMogie,  normak  et  pathohgique. 

f  ^'  Ueber  die  Grandsubetans  nnd  die  Zellen  der  Homhaut  dee  Auges.''  J^tgungt 
beriefiU  der  k.  sdcfudschen  OesdMiaft  der  Wisfienaehaften.  MatfaL-Phys.  Gla^ 
1869,  pp.  320-323,  and  328. 

t  L.  c,  p.  171,  Taf.  ii,  fig.  2. 

%  Untereuch,  uber  das  ProtopUwna  und  die  C(mtraetiUtdit,  Leipzig,  1864,  pp.  12S 
-131.  I  L.  a,  pp.  8  azid  4. 

t   L.  c,  p.  4.  •♦  L.  c,  p.  1.  tt  I^-  o.,  p.  171.  tt  ^-  0-.  P-  5. 

§§  Untersuchungen  uber  das  FrotopUisma  vrid  die  CorUractilitdt.  Leipzig,  1864,  pp. 
124  and  125.  11  Pp.  130  and  131.  •;•:  L.  c,  p.  36. 

♦♦♦  Virchow's  Arekh,  Bd.  38,  pp.  346-349. 
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Thin  sections  may  be  made  of  comese  thus  prepared,  perpendicular  to 
the  surface.  Such  sections  are  worthy  of  examination,  as  showing  the 
course  of  the  processes  of  the  corneal  corpuscles.  These  processes  are  to  be 
seen  traversing  the  corneal  substance  in  all  directions ;  when  cut  longitudi- 

Fig.  347. 


Fig.  347.  Corneal  corpuscles  from  the  Frog's  cornea,  freshly  extirpated,  and  pre- 
served for  twenty-four  hours  in  the  sac  of  the  membrana  nictitans.  Only  the  corneal 
corpuscles  and  processes  of  a  single  plane  are  represented. 

nally,  they  appear  to  be  in  connection  with  the  nucleated  centre  of  the 
cell.  In  such  preparations  we  may  find,  however,  oblique  and  transverse 
as  well  as  longitudinal  sections  of  the  processes  (fig.  348  6). 

It  is  also  very  instructive  to  pick  to  pieces  sections  both  parallel  and  per- 
pendicular to  the  surface  of  the  comese  thus  prepared,  and  to  observe  the 
relations  of  the  cells  and  their  processes ;  such  a  procedure  is  necessary  to 
the  study,  hereafter  to  be  considered,  of  the  relations  of  the  cells  to  the 
basis-substance  of  the  cornea. 

Successful  preparations,  by  the  chloride  of  gold,  of  the  comeae  of  the  most 
div^erse  animals  present  appearances  essentially  coiTCsponding  to  the  cellu- 
lar network  of  the  Frog's  cornea ;  a  fact  which  is  important  in  so  far  that  in 
the  comeA  of  the  Frog  we  have  the  best  opportunity  of  convincing  ourselves 
that  the  gold  renders  the  corneal  corpuscles  visible  in  a  precisely  similar 
way  with  various  other  methods,  with  the  exception  that  it  coloi-s  them. 
It  is  to  be  remarked  that  the  cell-substance  surrounding  the  nucleus  cor- 
responds exactly  in  appearance  with  the  substance  of  the  processes,  in  the 
gold  preparations,  just  as  in  the  methods  of  preparation  which  have  been 
already  mentioned. 

We  possess  also  other  methods  of  impregnating  the  cornea  with  metallic 
salts,  such  as  the  treatinent  with  nitrate  of  silver  (Coccius,*  His,f  v.  Reck- 
linghausen) ;  J  also  the  impregnation  with  iron,  lead,  the  salts  of  copper, 
with  subsequent  treatment  with  SH  and  NH^S,  ferrocyanide  of  potash, 
etc.  (Leber).  §     These  methods  also  give  us  a  view  of  the-  above-mentioned 

♦  M.  C.  A.  Flinaer.     De  argent,  nitric,  usu  et  effectu^  eta     Leipzig,  1844. 

t  I'  <5.,  p.  67.— Virchow's  Archiv,  Bd.  20,  p.  207.— Schweizerische  Zdtschr,  fur 
HeOkunde,  2  Band.  No.  1. 

X  Virchow's ^rc/ac,  Bd.  19,  p.  ^\,—Die  IjymphgefiisM  und  ihre  Beziehung  zum 
Bindegetcehe.     Berlin,  1862,  p.  4. 

§  ^^Znr  Kenntniss    der   Impregnationsmethoden    der    Homhaut    und    &hnHcher 
Gewebe."    ArcMv  fur  Ophth.,  Bd.  xiv.,  pp.  300-316. 
57 
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protoplasmic  network,  but  they  can  only  be  properly  understood  when  at 
the  same  time  the  medium  in  which  the  cells  are  embedded  (the  basis-sab- 
stance)  is  taken  into  consideration;  and  therefore  we  shall  take  up  this 
subject  hereafter. 

Fisr,  848. 


Fig.  348.  a,  Corneal  corpaAdeH  from  a  Frog^s  cornea  treated  with  ohloride  of  gold, 
viewed  from  the  surface ;  b,  corneal  corpuscles  from  a  section  perpendicular  to  the 
surface  of  the  same. 

The  chloride  of  gold,  as  appears  from  the  foregoing,  deserves  the  fullest 
recognition  as  reagent  on  the  corneal  corpuscles ;  nevertheless  I  must  here 
recommend  also  another  method :  it  consists  in  exposing  the  cornea,  immersed 
in  humor  aqueus  in  a  simple  chamber,*  to  the  action  of  iodized  vapor.  In 
rthe  iodine-chambet  the  cornea  takes  a  brown  color,  and  the  epithelium  is 

*  Described  by  myself  in  Den  (Tnterstiehitngen  cms  dem  InsUtuU  fur  PhffiioL  vnd 
HkM.  inOraz.,  Leipzig,  1870,  pp.  15  and  08. 
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easily  detfiched.  If  ihifl  is  removed  and  the  preparaiioii  replaced,  if  ne- 
cessary, in  the  iodine-chamber,  the  cellular  network  of  the  cornea  may 
be  seen  to  present  itself  with  a  distinctness  but  little  inferior  to  that  of 
the  gold  preparations.  Also  the  wandeiing  cells  become  plainly  visible 
by  t£eir  beautiful  brown  coloring.  The  absorption  of  the  iodine  proceeds 
very  rapidly  and  its  working  may  be  followed  under  the  microscope; 
this  method  is  absolutely  certain  for  the  fixing  of  temporary  conditions 
of  the  cornea,  and  for  this  purpose  it  cannot'  be  too  highly  recommended. 
Whoever  works  with  the  chloride  of  gold  will  see  that,  however  beauti- 
ful the  successful  preparations  may  be,  there  is  something  uncertain  about 
it,  so  that  often  with  the  most  careful  procedure  the  preparations  either 
wholly  or  in  part  fail,  and  this  in  certain  studies  is  a  very  unpleasant 
accident.  Not  only  is  the  iodine- vapor  admirably  adapted  for  the  exhibi- 
tion of  the  cellular  network,  and  not  only  can  we  assure  ourselves  step 
by  step  with  regard  to  the  significance  of  the  iodine  reaction  in  the  ex- 
hibition of  cells,  by  corroborative  experiments  on  fresh  masses  of  proto- 
plasm from  other  regions  (mature  and  embryonal  tissue)  which  may  be 
observed  in  the  living  state,  but  we  shall  also  hereafter  make  use  of  this 
method  in  the  decision  of  other  coQtroversies  about  the  cornea.  Let  us 
now  return  to  the  closer  consideration  in  the  fresh  state  of  the  cells  which 
unite  to  form  the  cellular  network  of  the  cornea.  It  has  been  stated  that 
when  perfectly  fresh  these  cells  in  all  their  parts  possess  a  refractive  power 
so  equable  with  that  of  the  corneal  substance,  that  in  this  state  it  is  quite 
impossible  to  see  them. 

It  is,  however,  important  to  know  that  when  the  cornea  commences  to 
lose  its  complete  homogeneity,  as  gradually  takes  place  in  the  examination 
in  the  moist  chamber  with  humor  aqueus  as  the  medium,  still  the  corneal 
corpuscles  do  not  immediately  forfeit  their  vital  characteristics.  On  the 
contrary,  it  is  much  easier  to  convince  ourselves  of  their  contractility  at  a 
time  when  they  are  distinctly  visible.  I  have  indeed  never  seen  spontane- 
ous changes  in  form  under  the  circumstances  in  which  Ktlhne  *  saw  them ; 
changes  which,  according  to  his  statements,  take  place  very  slowly,  so  that 
we  can  only  be  assured  of  them  by  the  use  of  the  camera  lucida.  I  must, 
however,  afiirm  that  a  contraction  of  the  corneal  corpuscles  may  be  caused 
by  induction  shocks ;  thus  I  should  be  an  upholder  of  Kiihne's  teaching 
against  Engelmann  and  others,  if  it  were  not  that  I  differed  so  essentially 
from  him  in  the  description  of  the  appearances.  Further  expeiiments  f  led 
me  to  employ  a  few  powerful  opening  induction  shocks  as  the  best  method 
of  irritation.  These  are  obtained  from  an  induction  apparatus  (primary 
coil  of  160  turns,  a  core  of  iron  wire,  and  a  secondary  coil  of  6,245  turns), 
which  is  set  into  activity  by  two  large  chromic  acid  and  carbon  ele- 
ments coupled  with  the  homonymous  poles.  The  secondary  coil  is  to 
be  thrust  quite  home  upon  the  primary  coil.  A  series  of  such  shocks 
cause  a  diniinution  of  the  cell-body  as  seen  from  the  surface,  and  partial 
withdrawal,  but  generally  only  a  drooping,  of  the  processes  of  the  cells. 
These  appearances  in  the  protoplasma  of  the  cell  are  not,  however,  the 
most  striking  result  of  the  electrical  irritation;  the  most  striking  ap- 
pearance is  rather  this,  that  suddenly  the  outlines  of  the  serous  canaU- 
cidi  (corneal  tubes)  described  by  v.  Recklinghausen  become  visible  in 
the  cornea,  so  that  I  must  regard  the  electrical  irritation  as  a  true  experi- 

♦  L.  c,  p.  125. 

f  Golnbew,  ArcMvf.  nvSkr.  Anat.^  Bd.  v.,  pp.  55  and  56,  and  this  text-book — ^pp. 
58,  84,  and  85. 
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mentum  crucis  for  the  existence  of  this  much-talked-of  structnre.  The  yi* 
.  sibility  of  the  canalicxili  depends,  however,  upon  the  above-mentioned  con- 
traction of  the  protoplasma  of  the  corneal  cells.  We  shall  become  better 
acquainted  with  the  results  of  electrical  irritation  hereafter,  in  speaking  of 
the  canaliculi. 

We  must  here  make  mention  of  the  active  movements  of  the  corneal  cor- 
puscles which  may  be  observed  in  inflamed  comesB,  the  cornea  being  oonstantlj 
inundated  with  blood-serum  (Strieker  and  Non'is) ;  *  also  of  the  retraction' 
of  the  processes  of  the  corneal  corpuscles  upon  the  application  of  a  four  per' 
cent,  solution  of  phosphate  of  soda  (v.  Recklinghausen),!  which  appearance 
cannot  well  be  considered  as  due  to  shrinking,  since  the  corpuscles  retain 
their  stellate  form  when  treated  with  more  concentrated  solutions. 

In  the  preceding  there  are  sufficient  positive  statements  concerning  the 
corneal  corpuscles,  with  which  the  opinions  advanced  by  Schweigger-Seidel 
are  inconsistent.  We  shall  hereafter  refer  to  two  experiments  by  Schweig- 
ger-Seidel, which  were  intended  to  isolate  the  cell-plates  described  by  him; 
these  experiments  are  the  injection  of  the  cornea  by  the  method  of  simple 
penetration  with  iodine-serum,  a  watery  solution  of  sugar  or  diluted  alcohol, 
and  also  the  boiling  of  the  cornea  in  alcohol  containing  a  little  hydrochloric 
acid.  Also  the  lines  of  Hoyer  in  the  serous  canaliculi,  upon  which  Schweig- 
ger-Seidel relies,  will  hereafter  be  spoken  of.  In  view  of  the  numerous 
means  which  we  possess  for  rendering  visible  the  protoplasmic  network  of 
the  cornea,  and  also  in  view  of  the  typical  repetition  of  the  appearanoes 
of  this  protoplasmic  network  in  every  cornea  examined,  it  will  seem  singa- 
larly  bold,  to  one  who  employs  the  deductions  of  analogy  as  an  aid  to 
reason  wherever  those  deductions  are  in  reality  admissible,  that  Schweig- 
ger-Seidel, in  the  face  of  every  manifest  analogy,  should  attempt  to  ex- 
plain the  stellate  corneal  corpuscles  as  pseudo-cells  depending  upon  the 
proliferation  of  a  peculiarly  distributed  interfibrillar  cement. 

The  behavior  of  the  corneal  corpuscles  in  mjlammation,  and  the  origin  of 
the  wandering  cells. — The  behavior  of  the  corneal  corpuscles  in  inflamma- 
tion is  of  radical  importance  in  the  decision  of  the  controversy  just  men- 
tioned. Before  we  gave  up  the  consideration  of  the  wandering  cells,  we 
glanced  over  the  various  theories  which  have  been  advanced  from  time 
to  time.  We  were  thus  led  at  last  to  the  researches  of  Strieker  and  Nor- 
ris.t  These  authors  have  shown  that  comesa  cauterized  and  treated  at 
various  times  after  the  cauterization  with  chloride  of  gold,  which  colors 
the  wandering  cells  as  well  as  the  corneal  corpuscles,  present  appearances 
which  demonstrate  a  considerable  multiplication  of  nuclei  in  the  corneal 
corpuscles.  The  corneal  corpuscles  are  transformed  into  masses  contain- 
ing many  nuclei,  and  other  pictures  make  it  highly  probable,  from  the  re- 
lations of  the  corneal  corpuscles  and  the  wandering  cells  at  the  same  point, 
that  the  latter  are  developed  from  the  former  through  the  intermediate 
stage  of  the  masses  with  many  nuclei. 

Cornea?  cauterized  and  examined  in  the  iodine-chamber  present  the  best 
view  of  the  appearances  described  by  Strieker  and  Norris.  In  fitct  the 
transition  stage  may  be  more  easily  and  more  perfectly  followed  by  the 
iodine-absorption.  Besides  the  experiments  on  comess  that  have  been  cau- 
terized with  nitrate  of  silver,  or  inflamed  by  the  passage  of  threads,  it  lb 
also  advisable  to  conduct  experiments  in  such  a  way  that  the  iodine  itself 
may  excite  inflammatory  action. 

Take  for  example  the  entire  freshly  amputated  cranium  of  the  Frog,  the 

♦  L,  c,  p.  4.  t  Virchow's  Archiv,  Bd.  28,  p.  179-  X'U  o. 

Digitized  by  VjOOQ IC 


THE  TRUB  CORNEAL  TISSUE.  901 

nictitating  membranes  having  been  previously  removed,  and  place  it  with 
proper  support  in  a  large  iodine  chamber ;  let  it  i*emain  there  till  the  comesB 
become  perfectly  brown,  which  requires  several  hours.  Then  examine  the 
excised  cornea  in  humor  aqueus,  after  removal  of  the  anterior  epithelium. 
The  picture  is  a  very  remarkable  one.  The  nuclei  of  the  corneal  corpuscles 
have  lost  their  usual  shape,  they  appear  in  the  most  remarkable  elongated, 
indentated,  branched  forms,  and  very  smooth  and  brilliant.  Some  of  the 
nuclei  seem  to  be  deeply  notched,  others  have  in  reality  been  resolved  into 
several  roundish  nuclei.  The  first-mentioned  picture  accords  evidently  with 
those  appearances  of  the  nuclei  which  F.  A.  Hoffmann  *  remarked  in  in- 
flamed comese,  and  of  which  he  states  that  they  exactly  resemble  wander- 
ing cells,  and  that  he  considered  them  as  contractile  portions  of  protoplasm 
from  the  stellate  cells. 

If  we  bind  the  living  Frog,  from  whom  the  nictitating  membranes  have 
been  removed,  in  such  a  way  that  the  head  is  in  a  vessel  containing  moist- 
ened iodine,  and  thus  expose  the  comesB  to  the  influence  of  the  iodine  vapor, 
it  usually  requires  a  long  time  before  an  intense  iodine  color  appears  in  the 
eye  ;  but  the  comese  may  be  excised,  and  colored  still  more  in  the  iodine 
chamber.  Th^  transition  stages  between  corneal  corpuscles  and  wandering 
cells  may  be  excellently  followed  in  the  corneas  of  Frogs  thus  treated. 

As  has  been  already  stated,  the  appearances  described  by  Norris  and 
Strieker  were  in  general  confirmed  in  a  large  number  of  corneaB  cauterized 
with  nitrate  of  silver  and  examined  in  the  iodine  chamber.  But  it  also  ap- 
pears, as  Strickerf  has  remarked,  that  very  varying  inflammatory  phenomena 
present  themselves  in  comesB,  which  in  all  important  respects  have  been 
subjected  to  precisely  the  same  treatment :  and,  what  is  of  great  import- 
ance, it  is  certain  that  in  a  few  cases  a  copious  purulent  infiltration  begins 
at  the  margin  of  the  coi*nea,  at  a  time  when  as  yet  but  little,  if  any  prolif- 
eration of  the  corneal  corpuscles  can  be  recognized  at  the  point  of  cauteriza- 
tion, and  this  infiltration  on  the  other  hand  ia  entirely  wanting  in  other 
cases.  In  the  former  class  of  cases  the  appearances  are  such  as  may  have 
presented  themselves  to  Cohnheim,  with  reference  to  the  relations  between 
the  corneal  corpuscles  and  the  pus  corpuscles. 

However  certain  therefore  it  is  that  the  formation  of  pus  may  commence 
with  the  corneal  corpuscles,  and  however  decisive  this  fact  may  be  for  the 
protoplasmic  nature  of  the  latter,  it  is  also  equally  certain  that  a  purulent 
infiltration  of  the  cornea  may  be  developed  without  any  participation  of  the 
corneal  corpuscles. 

We  must  accept  two  different  sources  for  the  wandering  cells  of  the  cor- 
nea, and  if  we  have  not  followed  a  particular  inflammatory  process  from  the 
beginning  up  to  a  certain  moment,  then  it  will  not  be  possible  in  a  given 
case  to  say  how  many  are  derived  from  the  one  source  and  how  many  from 
the  other,  or  how  many  have  their  origiu  in  the  division  of  the  wandering 
cells  already  existing  (Stricker).J 

As  regards  the  wandering  cells  present  in  the  normal  uninflamed  cornea, 
it  has  not  been  proved  that  they  have  their  origin  in  the  corneal  corpuscles. 
The  cells  which  form  the  eruptive  nodules  lying  immediately  between  the 
anterior  epithelium  and  the  corneal  tissue  in  Keratitis  phlyctronularis,  and 
reach  along  the  nerves  at  that  place  (Iwanoff),§  appear  to  be  only  wanderers 
from  the  blood. 

ThefihrUla/r  mbitance  (JibriUar  portion  of  the  haeis  atibstance)  of  the  cor- 

•  L.  c,  p.  212.  t  Studien,  p.  84.  J  L.  a,  p.  18. 
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neal  tissue. — The  fibrillar  substance  represents  the  preponderant  element,  u 
point  of  volume,  of  the  corneal  tissue. 

At  a  tune  when  the  cells  in  the  oomea  had  been  bnt  little  observed,  although  a  rexy 
effectiye  use  had  already  been  made  of  the  microecope  in  the  examination  of  animal 
tissues,  the  sabstance  of  the  oomea  propria  was  considered  simply  as  a  tissne  oom- 
posed  of  fibrous  bundles  (Valentin,*  Donn^,f  Henle^  Paxypenlieim,§  Brucke,|  and 
others).  In  former  times  a  laminated  structure  was  generally  ascribed  to  the  cor- 
nea; thus  Haller  described  it  as  consisting  of  many  laminas. 

These  lamixue  comee  of  the  old  anatomists  seemed  to  come  into  the  foreground  again 
with  fresh  confiimation,  when  Todd  and  Bowman^  designated  the  cornea  propria  aa 
*4amellated  oomea  "  and  distinguished  a  series  of  sixty  lamellae  in  the  Human  comea. 

Todd  and  Bowman,  however,  designated  their  corneal  lamells9  as  *^  a  peculiar  modi- 
fication of  the  white  fibrous  tissue  "  (fibrillar  connective  tissue)  of  the  sclerotic,  with 
which  the  lamellie  were  said  to  be  directly  continuous.  The  individual  lamellse  are 
also  said  to  be  so  intimately  bound  together  by  numerous  filaments  of  a  similar  na- 
ture that  it  is  impossible  to  follow  the  course  of  a  particular  lamella,  or  at  least  only 
for  a  short  distance.  When  we  review  this  description,  the  question  instantly  arisea 
whether,  with  the  condition  of  affairs  portrayed  by  Bowman,  the  designation  ^^  lamel- 
lated  comea  '*  may  not  be  improperly  chosen.  Bowman**  afterwards  describes  the  fi- 
brous tissue  in  a  similar  manner.  Although  we  find  Bowman  quoted  for  the  micro- 
scopical proof  of  a  lamellated  structure  of  the  oomea,  and  hear  of  the  lamelUe  of 
Bowman,  still  a  lamellated  structure  of  the  cornea,  to  which  this  designation  ooald 
be  applied  in  a  clear  and  consistent  manner,  was  first  vindicated  in  1852  by  Henlef  f  in 
opposition  to  views  previously  held  by  hiuL 

According  to  his  description  the  substance  of  the  oomea  was  formed  by  *^  homoge- 
neous lamellie,*'  whose  number,  however  (about  300),  far  exceeded  the  estimate  of 
Todd  and  Bowman,  and  all  of  which  ran  parallel  to  the  surface  of  the  comea.  A 
further  explication  of  the  views  held  by  Henle  at  that  time  is  given  by  Dombliith.}! 

Shortly  before  the  appearance  of  Henle^s  later  views,  another  opinion  oonoeming 
the  structure  of  the  corneal  tissue  sought  to  gain  a  foothold ;  for,  following  the 
teaching  of  Virchow  concerning  the  connectiye  tissues,  Beichert^s  views  on  the 
structureless  character  of  the  fibrous  connective  tissue  in  oontradistinctiofn  to  the 
connective-tissue  corpuscles,  and  on  the  basis  substance  (fibrillar  substance),  oonaid- 
ered  simply  as  intercellular  substance,  seemed  to  receive  material  support  in  a  genetic 
point  of  view.  The  basis  substance  of  the  corneal  tissue  was  also  said  to  be  a  struc- 
tureless mass  divided  into  bands  and  striad  by  the  rows  of  cells  (Strobe).  §§  But  Hisjl 
approached  again  the  former  teaching  when  he  described  the  corneal  Umaellfls  as  ca- 
pable of  subdivision.  Kolliker,^^  in  opposition  to  the  two  last-mentioned  views,  main- 
tained the  theory  of  the  fibrous  nature  of  the  oomea.  Classen***  and  Bollettff f  like- 
wise defended  the  fibrous  structure  of  the  substantia  propria  comese,  and  more  recently 
Engelmannj:tt  and  Schweigger-Seidelggg  have  done  the  same.  Meanwhile  Lang- 
haunsl  1 1  under  Henle^s  direction,  and  Henle1[l  ^  himself  have  confirmed  the  idea  that 
the  lamellaa,  formerly  considered  homogeneous,  are  composed  of  the  finest  fibres. 
But  Henle,  besides  giving  due  importance  to  the  laminated  arrangement  of  the  fibril- 
lar substance  of  the  comea,  also  makes  the  artificial  and  undemonstrable  distinctian 
of  primary  and  secondary  corneal  lamellae.**** 

At  the  present  time  the  corneal  tissue  is  generally  described  as  possessed 
of  a  fibrous  structure. 

In  point  of  fact,  if  we  tear  up  under  water  a  piece  taken  from  the  centre 

♦  Hepertorium  der  Phy^iologie,  1836,  p.  311.  f  -^-  Institute  1837,  Nr.  230. 

I  AUgemeine  Anatomie^  Leipzig,  1841,  p.  320. 

§  BMciette  Oewebdehre  des  Anges,  Breslau,  1842,  p.  65.  I  L.  c  ,  p.  9. 

1^  T?ie  Physiohgical  Anatomy  and  Physiology  of  Man.  London,  1845  and  1847,  p.  17. 
•*  Lectures^  etc.,  p.  10. 

tt  Canatatt's  Jahresberichtfur.  1862.     Bd.  i,  pp.  26  and  27. 
t  Henle  and  Pfeiffer,  Zeitsehnft  fur  rationeUe  Medioin,  K.  F.  Bd.  vii  and  viii,  pp. 
166  and  212.  §^  L.  c.  ||  Beitrdge,  eta,  p.  13. 

II  MUerowop,  Anatamie,  ii.  Bd.  2.  Halfte,  pp.  608—610,  and61S--615. 
♦**   Ueber  der  Histologie  der  Ilamhaut,  Eostock,  1868,  p.  26. 
ttt  Sitzungsbericht  d^  Wierufr  AcadeirUey  Bd.  zziii.,  1859,  p.  516. 
'  [  L.  c,  p.  1  and  5-6.  §§§  L.  c,  p.  807.  |||  L.  c.,  p.  9. 

Ill  EingeweidMire^  p.  6»5.  ♦♦♦*  L.  c,  p.  592  and  598. 
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Fig.  349. 


of  the  fresh  cornea,  we  shall  always  meet  with  striated  bands  or  trabeculse, 
and  also  smaller  fibrous  bundles  or  single  fibres  which  we  recognize  as  com- 
ponent parts  of  the  former.  The  fact  that  the  bundles  and  fibres  thus 
brought  to  view  by  mechanical  means  presented  the  appearance  of  being 
elementary  formations,  led  to  the  theory  of  the  fibrous  structure  of  the  cor- 
nea. The  bundles  and  fibres  of  the  corneal  tissue,  like  those  of  the  fibrillar 
connective  tissue,  may  be  isolated,  not  only  by  mechanical  means  but  also  by 
certain  chemical  reagents ;  and  in  the  latter  case,  as  well  as  the  former,  the 
objections  raised  against  the  pre-existence  of  the  fibrillse  have  been  most  ef- 
fectually met. 

The  resolution  of  the  corneal  tissue  into  fibrillse  succeeds  best  with  a  so- 
lution of  permanganate  of  potash,  or  a  mixture  of  this  with  alum  (RoUett),* 
a  reagent  which  also  resolves  very  beautifully  the  fibrillar  connective  tissue. 
Portions  of  cornea  treated  with  this  solution  acquire  a  brown  color,  and 
when  agitated  in  water  resolve  themselves  into  longitudinally  striped,  band- 
like bundles  (fig.  349),  and  these  subdivide  into  smaller  divisions  and  single 
fibrils  corresponding  to  the  longitudinal  striae. 

The  analytic  action  of  the  permanga- 
jiate  of  potash  depends  upon  the  fact  that 
the  substance  of  the  corneal  fibrils  is 
more  resistant  than  the  other  substances 
of  the  cornea,  namely,  the  interfibrillar 
portion  of  the  basis  substance  and  the 
cells. 

Portions  of  corneal  tissue  treated  with 
permanganate  of  potash  do  not  give  the 
so-called  xanthoproteinic  acid  reaction 
(RoUett), f  though  this  is  the  case  with 
portions  of  fresh  corneal  tissue ;  these 
acquire  throughout  a  yellow  color  when 
boiled  with  nitric  acid  with  the  addition 
of  ammonia. 

Also  maceration  of  sections  of  fresh 
cornea  in  a  10  per  cent,  solution  of  com- 
mon salt  renders  the  fibrils  easily  isolable 
(Schweigger-Seidel) ;  J  at  the  same  time  myosine  passes  into  the  salt  solu- 
tion, and  may  be  extracted  therefrom  by  the  addition  of  powdered  salt  or 
the  addition  of  water. 


Fig.  849.  Isolated  fragments  of 
corneal  tissue  from  the  cornea  (of 
the  Ox),  treated  with  permanganate 
of  potash— slightly  magfnified. 


Brans  §  first  extracted  myosine  from  the  cornea,  and  attributed  it  to  the  corneal 
corpuscles.  He  believed  that  thus  he  had  furnished  a  chemical  support  to  the 
views  entertained  by  Ktlhne  concerning  the  contractility  of  the  comeaJ  corpuscles. 
Schweigger-Seidel  J  doubtless  under  the  influence  of  the  teaching  concerning  the 
corneal  cells  maintained  by  himself,  denies  that  the  myosine  is  derived  from  the 
cells.  Kuhnelf  states  that  watery  extracts  of  the  cornea  contain  a  great  deal  of  para- 
globulin,  which  probably  comes  from  the  corpuscles.  A,  Schmidt,**  by  the  addition 
of  fragments  of  the  fresh  cornea,  caused  coagulation  in  transudations.  Funke  f f 
believes  that  he  has  demonstrated  albuminate  of  soda,  albumen,  and  casein  in  the 
watery  extract  of  the  cornea.  Bruns:^^  ^so  obtained  alkaline  albuminate  from 
watery  extract  of  the  cornea,  and  attributes  it  to  the  fluid  which  permeates  the 


*  L.  c,  p.  519.  t  !*•  o-»  P-523  and  524. 

g  MedmnUeh  chenUsdhe    Uhtersuchungen.     Herausg. 
Heft     BerUn,  1867,  p.  260. 
1"  Lehrhxch  der  phy9idU>gi9chen  Chemie^  p.  886. 
♦♦  Archit  von  Reichert  and  Du  Bois.     1861,  p.  675. 
ft  Lehrbuch  der  Pliygiologie,    2  Aufl.     185a  Bd.  ii,  p.  160. 


t  L.  c.,pp.  308  and  352. 
Ton  F.    Hoppe-Seyler.      2 
I  L  c,  p.  352. 
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Fig.  350. 


corneal  substance.  As  appears  from  the  foregoing,  our  knowledge  oonoeming  the 
distribution  of  the  albuminous  substances  in  the  cornea  leaves  much  to  be  desired. 
Moreover  it  is  not  proven  that,  with  the  albuminous  substance  contained  in  the 
watery  extract,  everything  is  extracted  from  the  cornea  which  is  destroyed  when 
the  so-called  xanthoproteinic  reaction  disappears  under  the  influence  of  perman- 
ganate of  potassa. 

The  fibrils  of  the  corneal  tissue  are  very  fine  (at  the  most  0.0001  mm.  in 
thickness,  Engelmann),*  and  arranged  in  broad  but  thin  band-like  bundles 
which  in  most  parts  of  the  cornea  run  parallel  with  the  surflEuse  of  the 
cornea,  or  nearly  so.  In  these  portions  of  the  cornea  such  bauds  lie  in 
thin  layers  one  above  the  other.  The  direction  of  the  fibrils  in  these 
bands  varies ;  they  cross  one  another  at  difierent  angles,  often  at  right 
angles  (fig.  350) ;  the  superimposed  bands  are  joined  together,  often  very 

closely,  by  fibrils  which  pass  from  one  band 
to  another. 

In  the  vicinity  of  the  external  surOftce 
of  the  corneal  tissue,  in  some  animals  com- 
mencing  sooner  than  in  Man,  the  fibrous 
bundles  of  the  cornea  take  a  course  in- 
clined toward  the  surface.  At  the  same 
time  they  interweave  themselves  very 
closely,  so  that  sections  perpendicular  to 
the  cornea  intersect  them  in  the  most 
various  directions  (fig.  351). 

In  such  sections  bundles  cut  longitudi- 
nally, as  they  arose  from  the  deeper  layers 
to  the  surface  of  the  cornea,  have  been 
improperly  considered  as  something  differ- 
ent from  the  fibrillar  substance  of  the 
cornea.  The  so-called  supporting  fibres  or 
fibres  arcuat«e  are  nothing  but  bundles  of 
fibrils  which  have  taken  the  above-men- 
tioned irregular  course.  They  are  very 
well  to  be  seen  in  sections  of  corne»  which 
have  been  hardened  in  92  per  cent,  alcohol  diluted  with  an  equal  quantity 
of  water. 

Fig.  351. 


Fig.  350.  Two  corneal  bundles 
with  crossed  arrangement  of  the 
fibres,  from  a  cornea  (of  the  Ox) 
treated  with  permanganate  of 
potash. 


Fig.  351.  Section  from  a  cornea  (of  the  Ox)  hardened  in  dilute  alcohol,  and 
examined  in  water ;  o,  innermost  layer  of  the  anterior  epithelium  ;  b,  external  layers 
of  corned  tissue  with  the  fibne  arcuatae  (supporting  fibres). 

♦  L.  c,  p.  1. 
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Such  sections,  made  on  a  cork  with  one  stroke  of  a  sharp  knife,  and 
examined  in  water,  show  also  that  the  substance  between  the  fibrsa  arcuatea 
exhibits  fine  punctate  markings. 

These  markings  coi^-espond  to  fibres  cut  transversely.  In  like  manner 
may  be  seen,  in  corneal  sections  thus  prepared,  bands  of  the  deeper  layers 
running  parallel  to  the  surface  of  the  cornea,  sometimes  longitudinally  cut 
and  sometimes  transversely ;  in  the  latter  case  they  show  a  fine  punctate 
marking  instead  of  a  striation  corresponding  to  the  fibrillsR.  These  trans- 
vei-sely  cut  bands,  however,  seem  to  be  limited.  They  present  long,  thin 
stripes,  lying  between  the  longitudinally  sti'iated  layers  above  and  below, 
which  converge  at  the  pointed  ends  of  the  transversely  cut  bands.  Con- 
sult also  Henle  ♦  and  Schweigger-Seidel  f  on  the  appearances  presented  by 
the  transversely  cut  bands  of  the  cornea. 

Between  crossed  NicoPs  prisms  the  transversely  cut  bands  appear  dark 
in  every  azimuth,  while  the  longitudinally  and  obliquely  cut  bands  appear 
alternately  light  and  dark  (His).  J  The  optical  axis  therefore  corresponds 
with  the  direction  of  the  fibres ;  compare  Boeck  §  and  Muller.  ||  The 
entire  cornea,  as  free  from  folds  as  possible,  and  with  its  natural  curvature, 
when  examined  between  crossed  Nicol's  prisms  presents  a  dark  cross 
(Brews ter,T"  Yalentin),  *  *  which  does  not  change  its  position  when  the 
oomea  is  revolved  on  an  axis  standing  at  its  summit  and  perpendicular  to 
its  surface  (optic  axis). 

This  indicates  a  preponderance  of  fibres  or  fibrous  bundles  running  in  a 
meridional  direction  over  those  which  run  in  all  other  directions.  On  this 
supposition  the  explanation  of  the  cross  is  as  follows :  In  each  of  the  doubly 
refractive  meridians  one  plane  of  polarization  passes  through  the  axis  of  the 
cornea  (optic  axis),  the  other  lies  perpendicular  to  the  former.  Between 
crossed  Nicol's  prisms  all  those  meridians  must  appear  dark  whose  plane  of 
polarization  coincides  with  those  of  the  analyzer  and  polarizer,  but  the 
intervening  meridians  will  be  the  lighter  the  more  distant  they  are  from  the 
dark  meridians,  f  f 

Let  us  now  take  into  more  careful  consideration  that  layer  of  the  corneal 
tissue  which  is  situated  inunediately  beneath  the  external  epithelium.  In 
sections  through  the  Human  cornea  it  presents  the  appearance  represented 
in  fig.  345,  between  6, 6'. 

Reference  has  already  been  made  to  the  similaiity  in  appearance  of  this 
layer  with  the  membrane  of  Descemet.  It  has  also  been  considered  as  the 
analogue  of  the  membrane  of  Descemet,  and  as  such  it  was  called  by  Bow- 
man 11  lamina  elastica  anterior,  and  by  Henle  §§  external  basal  membrane. 

The  existence  of  this  layer  cannot  be  denied,  and  Langhamis  ||  was  in  error  when 
he  mentioned  me  among  those  who  had  denied  it. 

I  haye,  however,  denied,1[1[  and  still  deny  that  this  layer  presents  the  same  condi- 
tions with  the  membrane  of  Descemet.     It  does  not  therefore  merit  the  above -men- 


«  Eingeweiddehre,  p.  595,  fig.  454.  f  L.  c.,  p.  309,  figs.  1  and  8. 

X  L.  c,  p,  28.  %  Taf.  ii.,  fig.  1. 

IZeiUehr.fUr  rat.  Med.    8te  Eeihe.     X.  Band,  p.  173. 

1  PhilM.  TranMCtUms.     1816,  p.  815. 

♦•  Untersuchung  der  Pflanem-  und  Thiergewebe  im  potaririrtm  Liehte.     Leipzig. 
1861,  p.  270. 

f  f  Compare  v.  Lang,  **  On  the  cross  shown  by  certain  ozganio  bodies  in  polaiized 
light,*'  etc.     Poggendorffs  AnnaUn.  Bd.  czxiii 

*'  L.  c.  §§  L.  o,p.  605. 

L.  c,  p.  19.  It  L.  c,  pp.  524  and  525. 
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Moned  namee.    It  migbi  be  oalled,  according  to  J.  Arnold,*  the  sub-epithelial  lajer  of 
the  cornea,  or  the  anterior  limiting  layer  of  the  corneal  tusne  (Beichert). 

In  the  Human  cornea,  and  that  of  various  animals,  treated  with  perman- 
ganate of  potash,  this  layer  is  resolved  into  the  same  fibrils  as  all  the  other 
substance  of  the  corneal  tissue,  while  at  the  same  time  the  membi*ane  of 
Descemet  under  the  same  influences  retains  its  ejiastic  quality  of  rolling  in- 
wards, hereafter  to  be  described,  its  splintery  cleavage,  and  its  structureless 
appearance. 

The  anterior  limiting  layer  f  is  simply  a  peculiarly  dense  layer  of  corneal 
tissue,  composed  of  many  closely  interwoven  fibrils  which  cross  each  other 
at  various  angles.  This  layer  is  not  everywhere  equally  broad.  It  is  high- 
ly developed  in  Man,  less  so  in  the  Sheep,  tlie  Ox,  and  the  Pig,  better  devel- 
oped again  in  the  Dog  and  the  Cat. 

It  is  evident  from  the  description  already  given  of  the  structure  of  the 
basis-substance  of  the  cornea,  that  there  can  be  no  question  concerning  cor- 
neal lamellse,  properly  so  called.  In  that  case  it  would  be  necessary  to  de- 
signate the  smooth  bundles  themselves  as  lamellse,  which  has  in  fact  been 
done,  but  improperly. 

The  appearance  of  a  lamellated  structure,  and  the  ready  cleavage  of  tiie 
cornea  in  the  direction  of  its  surface  (especially  in  comesa  hardened  in  di- 
lute alcohol  or  Miiller's  fluid)  depends  upon  the  flat  arrangement  and  strat- 
ification of  the  smooth  fibrous  bundles  of  the  cornea ;  but  these  are  united 
in  many  places  by  filaments  passing  in  a  direction  perpendicular  to  the  sur- 
face. We  shall  hereafter  speak  of  those  portions  of  the  superimposed  bun- 
dles which  are  not  thus  united,  and  which  promote  the  above-mentioned 
cleavage. 

ITie  fibrils  of  the  cornea,  and  the  bundles  foiToed  by  them,  distend  when 
macerated  in  water,  at  the  same  time  increasing  in  thickness.  In  acids 
also  (acetic  acid,  pyroligneous  acid,  very  dUute  hydrochloric  acid)  they  in- 
crease in  thickness,  the  fibrils  and  bundles  are  crowded  closely  together, 
and  lose  their  strise,  while  the  cells,  assuming  a  granular  appearance  like 
the  cells  of  connective  tissue  when  treated  with  acids,  become  plainly  visi- 
ble in  their  continuity. 

Dilute  alkalies  likewise  cause  the  corneal  fibrils  to  swell  up. 

When  boiled  in  water  the  cornea  shrinks  considerably  in  a  radial  direc- 
tion, but  compensates  by  increasing  very  much  in  thickness.  Here  the  fibril 
bundles  behave  exactly  like  those  of  the  connective  tissue,  and  here  also,  if 
we  dry  the  partially  cooked  cornea  and  prepare  sections  of*  it,  which  are 
afterwards  to  be  moistened  again,  the  cells  wfll  be  very  distinctly  seen.  In 
former  times  this  method  was  extensively  employed  for  the  demonstration 
of  the  corneal  corpuscles. 

Whether  the  cornea  is  distended  by  the  action  of  acids  or  by  boOisg, 
those  bundles  which  take  a  course  inclining  toward  the  surface,  owing  to 
the  fact  that  the  mass  of  bundles  running  parallel  to  the  surface  are  so 
greatly  thickened,  are  stretched  and  strained  in  the  direction  of  the  longitu- 

*  Die  Bindehaut  der  Horrihafut  und  der  Oreisenbogen,  Heidelberg,  1860. 

f  In  this  relation  it  represents  the  analogue  of  that  which  in  the  skin  is  do- 
Bcribed  as  oorpus  papUlare,  by  Henle  as  intermediary  skin,  by  Krause  as  siypcaficul 
layer  of  the  oorium,  by  Bowman  as  basement  membrane  or  tnnica  propria  cutis,  bf 
Kolliker  and  Gtorlach  as  superior  layer  of  the  oorium,  by  Virohow  as  superficial  layer  of 
the  cerium  of  the  nail  matrix,  by  Leydig  as  homogeneous  limiting  layer  of  the  epi- 
dermis. Compare  my  remarks  in  ^*  Researches  concerning  the  Btmctture  of  oonnee- 
tive  tissae.*'    Sittungsber.  der  Wiener  Akademiej  Bd.  xxx.,  p.  60. 
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dinal  axis  so  as  to  be  mechanically  hindered  *  from  undergoing  the  same 
changes  as  the  other  fibrous  bundles  of  the  cornea.  Upon  this  cause^  and 
not  upon  any  essential  difference  between  the  fibi^  arcuat»  and  the  other 
bundles  of  corneal  tissue,  depends  the  peculiar  appearance  presented  by  the 
fibr»  arcuatflB  in  the  come»  which  have  been  either  boiled  or  macerated  in 
acids. 

If  we  boil  the  cornea  continuously,  restoring  from  time  to  time  the  evap- 
orated water,  or  heat  it  for  some  time  in  an  oil  bath  at  a  temperature  of 
100^  C,  sealed  in  a  glass  tube  with  a  little  distilled  water,  a  considerable 
portion  of  the  corneal  substance  is  dissolved. 

Meanwhile  the  membrane  of  Descemet  remains  for  a  long  time  complete- 
ly unchanged,  although  after  four  or  five  hours  of  boiling  the  fibrillar  sub- 
stance may  have  entii'ely  disappeared  without  leaving  a  trace  even  of  the 
lamina  elasiica  anterior.}  The  solution,  when  separated  by  filtration  from 
the  undissolved  residue,  solidifies  like  the  solutions  of  gelatine. 

The  reactions  of  the  solation  are  somewhat  different  from  those  of  an  ordinaiy 
solution  of  gelatine. 

Joh.  Mliiler^  states  that  the  snbstance  contained  in  the  solution  is  identical  with 
the  chondrin  from  hyaline  cartilage.  This  opinion,  however,  will  be  hereafter  dis- 
puted. 

If  the  gelatine  from  the  cornea  were  identical  with  the  chondrin  of  the  hyaline 
oartilage,  then  chondrin  woold  be  derived  from  two  entirely  distinct  substances ;  for 
the  fibrillar  substance  of  the  cornea  when  treated  with  water,  alkalies,  and  adds,  pre- 
sents reactions  essentially  different  from  those  of  the  basis-sabstance  of  the  hyaline 
cartilage.  In  the  latter  respect  it  corresponds  mnch  more  with  the  fibrils  of  the  con- 
nective tissue,  but  it  will  be  hereafter  shown  that  it  differs  essentially  from  this  also. 

According  to  Klihne,§  the  corneal  gelatine  is  distinguished  from  uhondrin  only  by 
the  fact  of  its  not  being  precipitated  by  acetate  of  lei^.  and  by  its  turbidity  when 
treated  with  tannic  acid.  His  |  thought  that  the  corneal  gelatine  might  be  distin- 
gfuished  from  chondrin  by  its  ready  resolution  when  treated  with  an  excess  of  the  re- 
agent that  had  precipitated  it.  But  Bruns^f  obtained  different  results.  Although  by 
heating  with  hydrochloric  acid  he  could  not  extract  any  cartilage-sugar  (chondrogly- 
oose)  from  the  corneal  gelatine,  he  found  the  specific  reaction  to  be  almost  identical 
with  that  of  chondrin.  Finally,  Sohweigger-Seidel  **  obtained  from  corneal  gela- 
tine, extracted  with  a  10  per  oent.  solution  of  common  salt,  at  one  time  no  chondrin 
reaction ;  at  another  time,  after  brief  action  of  the  salt  solution  he  found  it  Gonoem- 
ing  the  chemical  nature  of  the  fibrillar  substance  of  the  oomea  and  the  structures  de- 
rived from  it  we  have  therefore,  as  yet,  no  settied  views. 

On  the  relation  of  the  cells  of  the  corneal  tissue  to  the  hcLsis-svhstance  /  the 
irUerfihriUa/r  portion  of  the  hasis-substance  and  its  interstices. 

Natural  cavities  in  the  basis-substance  of  the  cornea  occur  only  in  the 
form  of  the  serous  canaliculi  (corneal  cavities),  demonstrated  by  von  Reck- 
linghausen ;  f  f  and  these  enclose  the  corneal  cells. 

Exact  researches  concerning  the  serous  canaliculi  were  first  made  on  cor- 
nese  which  had  been  treated  with  solutions  of  the  nitrate  of  silver. 

The  obvious  result  of  the  silver  treatment  of  the  cornea,  without  regard | 
to  the  chemical  nature  of  the  process,  appears  to  me  to  have  but  one  mean-1 
ing,||  that  is,  if  the  preparation  has  been  successful.     Unsuccessful  silver 

*  Compare  A.  Bollett,  Beridhte  der  Wiener  AkademU^  Bd.  xxz.,  pp.  60-66. 
\  Compare  Schweigger-Seidel,  1.  c,  p.  355. 
I  Poggendorff's  Annalen^  Bd.  xxxviii,  p.  513. 

I  Fhyniohg,  Chemie,  p.  886.  I  I*,  o-  IT  !»•  o^  P.  ^^' 

*♦  Pp.  355  and  356.  ft  -Dfo  Lymphgrfdsie,  eto. ,  pp.  86-53. 

it  By  this  we  do  not  mean  to  pass  a  similar  judgment  on  the  silver  markings  of 
other  objects. 
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preparations  can  here  claim,  as  I  beKeve,  no  higher  worth  than  unsuccessful 
preparations  in  every  other  method  of  histological  research. 

Let  us  begin  with  the  negative  (Leber*)  silver  pictures.  These  may  be 
very  nicely  obtained  if  the  perfectly  fresh  cornea  of  any  animal  be  immersed 
for  a  short  time — the  proper  length  of  time  should  be  specially  tried  for  the 
different  comeae — in  a  dilute  solution  of  nitrate  of  silver  (2 — 8  grains  to  the 
ounce  of  water),  and  then  exposed  in  water  to  the  action  of  the  light ;  the 
rapid  working  of  the  sunlight  is  of  essential  aid  in  getting  successful  and 
convincing  preparations. 

Also  a  prolonged  maceration  in  water  before  the  examination  must  be 
avoided.  Prolonged  soaking  in  water  produces  in  silver  preparations  an 
innumerable  quantity  of  diverse  and  inexplicable  appearances. 

If  we  examine  the  cornea  immediately  after  it  becomes  thus  rapidly  brown, 
we  shall  see  in  the  browned  basis-substance  white  spots,  fix)m  which  white 
processes  spread  out  in  every  direction  (His,f  von  Becklinghausen)  ;  J  the 
processes  anastomose  with  one  another,  and  in  general  we  have  a  picture 
which  reminds  of  the  protoplasmic  network  of  the  corneal  corpuscles,  ex- 
cept that  the  outlines  of  the  nodules  and  processes  which  compose  the 
plexus  are  more  sinuous  and  less  straight  than,  for  instance,  in  the  network 
displayed  by  the  gold  tre;itment.     Compare  fig.  352  with  fig.  348,  a. 

The  statement  of  His  §  that  the  silver  figures  of  the  cornea  coincide  with 
the  form  of  the  cells  is,  under  some  circumstances,  quite  correct.  But  this 
is  not  always  the  case  (v.  Recklinghausen),  Q  and  for  this  reason,  that  the 
protoplasm  of  the  cell  may  entirely  or  partially  withdraw  itself  from  ihe 
wall  of  the  cavity.     The  assertion  that  the  silver  figures  do  not  generally 

Fifif.  352. 


Fig.  352.     From  the  Frog's  cornea,  treated  with  nitrate  of  silver. 

coincide  with  the  stellate  corneal  corpuscles,  because  the  latter  in  humor 
aqueus  exhibit  but  few  ramifications  of  their  processes,  while  the  silver 
figures  present  a  very  densely  woven  network  (v.  KeckUnghausen),^  we 
cannot  accept  as  true,  in  view  of  our  statements  concerning  the  protoplas- 
mic network  displayed  by  comesB  which  have  been  left  in  the  nictitating 

L.  0.  t  Virchow's  Archiv,  Bd.  xx.,  p.  207.  J  L.  c. 

L.  o.  and  SchweizerUche  Zeitsehr,  fur  HeUkwnde^  1.  c. 

L.  c.  7  See  this  text-book,  pp.  225  and  226. 
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fold,  or  in  an  atmosphere  saturated  with  watery  vapor,  or  which  have  been 
treated  with  the  chloride  of  gold  or  iodine  vapor.  Von  Eecklinghau'sen  * 
demonstrated  in  these  silvered  spots  by  carmine-staining  red  flakes,  which 
sent  out  processes  in  one  portion  of  the  network,  while  another  portion  was 
empty  or  contained  only  small  red,  somewhat  brilliant  granules.  These 
flakes,  with  their  processes,  and  the  red  granules,  were  the  remains  of  the 
protoplasmic  network  of  the  cornea,  which  in  silver  preparations  may  pre- 
sent very  diflerent  degrees  of  alteration. 

In  order  to  arrive  at  a  full  understanding  of  the  silver  markings  in  the 
cornea,  it  is  of  great  importance  to  carefully  note  the  working  of  the  silver 
from  the  beginning.  This  may  be  best  done  if  we  treat  comese  already 
silvered  (with  a  solution  containing  two  grains  of  the  nitrate  of  silver  to  the 
ounce  of  water)  also  with  the  chloride  of  gold  (two  grains  to  the  ounce). 

TJpon  immersion  into  the  latter  solution  the  brown  color  of  the  basis- 
substance  disappears  immediately.  If  the  cornea,  after  remaining  in  the 
solution  the  usual  time  for  the  gold  treatment,  be  exposed  to  the  action  of 
the  light  in  water  weakly  acidulated  with  acetic  acid,  it  rapidly  assumes  a 
blue  color.  This  reduction  is  caused,  as  may  be  easily  seen  with  the  mi-  * 
croscope,  by  the  basis-substance.  The  same  stars  with  their  processes  ap- 
pear in  the  blue  basis-substance  as  in  the  silvered  pictures.  An  essential 
fact  is  it,  however,  that  both  cell-substance  and  nucleus,  when  they  still 
survive,  are  rendered  visible  by  means  of  the  impregnation  with  the  chloride 
of  gold  by  a  distinct  granular  appearance  and  a  faint  yellow  color.  We  may 
thus  convince  ourselves  that  where  the  nitrate  of  silver  has  worked  for  only 
a  short  time,  the  corneal  corpuscles  are  still  plainly  visible,  though  in  a 
somewhat  swollen  state,  filling  up  the  clear  interspaces  in  the  basis-substance 
and  their  processes.  If  the  action  of  the  silver  has  lasted  longer,  or  if  the 
cornea  has  been  soaked  too  long  in  water,  which  should  be  avoided,  the  cells 
and  their  processes  appear  even  more  swollen,  and  at  the  same  time  the  in- 
terspaces of  the  basis-substance  are  correspondingly  altered.  If  the  cornea 
has  been  subjected  to  the  action  of  the  nitrate  of  silver  for  a  still  longer 
period,  the  intervals  in  the  basis-substance,  even  when  subsequently  treated 
with  the  chloride  of  gold,  appear  empty ;  the  cells  are  destroyed.  We  shall 
hereafter  refer  again  to  these  same  preparations.  For  this  purpose  we  re- 
commend also  the  staining  of  the  already  silvered  coi-nea  with  hematoxy- 
lin, but  do  not  consider  it  preferable  to  the  combined  silver  and  gold  treat- 
ment. 

1  have  previously  stated  thai  when  the  cornea  is  subjected  to  irritation 
by  electricity,  the  most  striking  phenomenon  is  the  distinctness  presented  by 
the  outlines  of  the  cavities  in  the  basis-substance,  f  Owing  to  the  clearness 
with  which  I  obsei've  this  phenomenon,  and  to  the  fact  that  it  may  always  be 
demonstrated  without  failure,  it  is  difficult  for  me  to  understand  why  it  has 
not  been  heretofore  noticed. 

If  we  bridge  a  freshly  excised  cornea  over  platina  electrodes,  in  humor 
aqueus  from  the  same  eye,  and  cover  it  with  a  glass  cover,  the  edges  of 
which  have  been  greased,  and  then  slowly  apply  a  few  opening  shocks  as 
described  above,  we  shall  soon  see  the  previously  homogeneous  cornea,  or 
marked  only  by  the  faint  outlines  of  a  few  stellate  cells,  assume  the  appear- 
ances represented  in  fig.  353. 

Bright  figures,  straight  or  curving,  elliptical,  spindle-shaped,  or  round, 

*  Die  Lymphgef&$M,  p.  88. 

f  A.  Rollett.  '^On  the  contractility  of  the  corneal  corpiucles  and  the  corneal 
tabes."    Ceniram.  fur  die  med,  Wissenseh.  1871.    No.  18. 
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make  their  appearance.  The  round  and  elliptical  figures  are  to  be  distin- 
guished.as  sharp  perforating  holes.  These  bright  figures  are  simply  longi- 
tudinal, oblique,  or  transverse  sections  of  the  system  of  communicating  chan- 
nels, which  traverse  the  cornea,  and  at  whose  enlarged  nodal  points  may  be 
found  the  nucleated  centres  of  the  stellate  corneal  cells.  This  may  be  very 
distinctly  seen  if  we  attempt  to  adjust  the  focus  exactly  for  one  of  the  cor- 
neal corpuscles ;  we  shall  then  see,  as  in  fig.  353,  the  fbiely  granular  proto- 
plasm of  the  cell-body  retracted  from  the  walls  of  the  more  extensive  cavity 
in  which  it  lies,  in  general  taking  the  form  of  the  cavity,  and  permitting 
also  some  of  its  processes  to  be  followed  into  those  of  the  cavity.  All  things 
considered,  we  here  have  a  picture  of  the  relations  between  ihe  protoplasm 
and  the  cavities  of  the  basis-substance,  exactly  like  that  often  presented  in 
embryonal  bone  between  bone-cavities  and  their  cells. 

Fig.  353. 


Fig.  353.  From  the  Frog^s  cornea,  which  has  been  subjected  to  poweifal  indao- 
tion  shocks  (highly  magnified). 

By  a  successful  experiment  such  as  that  mentioned  above,  and  with  me, 
as  I  have  said,  the  experiment  succeeds  almost  every  time,  any  one  may 
convince  himself  of  the  correctness  of  my  statements.  The  preparation 
must  be  examined  with  an  immersion  lens  of  high  power.  The  irritated 
cornea  should  be  quickly  exposed  to  iodine-vapor  or  to  the  gold  treatment, 
and  the  picture  thus  obtained  should  be  compared  with  that  of  the  unirri- 
tated  cornea,  and  it  will  be  impossible  longer  to  have  doubts  concerning  the 
state  of  affairs  in  the  cornea.  The  corneal  cavities  which  thus  come  to  view 
cannot  be  explained  by  the  arrangement  of  the  fibrillar  substance  alone. 

Either  there  exists  in  the  corneal  tissue  a  canal  system  limited  by  a 
special  membrane,  from  the  inner  surface  of  which  the  protoplasm  has  the 
power  of  retracting  itself,  and  this  membrane  is  in  and  of  itself  capable  of 
retaining  its  own  S>rm,  or  is  firmly  attached  by  its  external  surface  to  the 
fibrillar  substance,  or,  on  the  other  hand,  the  corneal  cavities  are  embedded 
in  a  substance  which  exists  between  the  fibrils  and  fibril-bundles;  this 
substance  is  traversed  by  a  network  of  tubes  with  dilated  nodal  points,  and 
this  system  of  tubes  is  sometimes  completely  and  sometimes  incompletely 
filled  by  the  protoplasnuc  network  of  the  corneal  corpuscles. 
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Such  a  membrane  as  is  called  for  by  the  first  suppoeitioB,  a  special  cell- 
membrane  or  encysting  membrane  of  the  cellular  network  of  the  cornea, 
can  neither  be  demonstrated  in  fresh  preparations  by  a  double  contour  in 
transverse  sections,  nor  by  tearing  off  and  spreading  out  fragments  of  the 
lacerated  membrane.  In  regard  to  the  second  supposition,  it  explains  per^ 
fectly  the  appearances,  presented  by  the  fresh  irritated  cornea. 

The  signification  of  the  appearances  obtained  by  the  silver  treatment  and 
other  methods  of  impregnation — always  with  reference  to  the  morphologi- 
cal appearances — ^presents  in  general  no  difficulties  if  we  always  bear  in 
mind  the  three  factors,  namely,  the  protoplasmic  network,  the  corneal  cavi- 
ties, and  the  subiitance  in  which  the  cavities  seem  to  be  embedded  and 
vhich  is  traversed  by  the  fibrils.  We  cannot  here  enter  more  fully  into 
the  chemical  process,  namely,  of  the  action  of  the  silver ;  none  of  the  hypo- 
theses on  this  point  are  satisfactory. 

The  recent  statement  of  Crenei'sich,*  that  wandering  cells  might  gain 
access  to  and  move  about  in  the  corneal  cavities  which  are  revealed  by  the 
silver  treatment,  coincides  with  results  obtained  by  us;  so  also  the  re- 
searches of  Hansen,!  "^^^  found  corresponding  changes  in  the  corneal 
cavities  accompanying  the  inflammatory  changes  in  the  corneal  corpuscles. 

Whether  at  the  margins  of  the  corneal  cavities  there  exists  anything 
similar  to  the  arrangen^ent  in  the  bone  cavities  J  and  dentinal  canals 
(dentinal  sheaths),  §  as  some  observations  seem  to  indicate,  I  am  not  able 
to  decide  from  the  attempts  at  isolation  already  made  by  myself,  but  I  do 
not  consider  it  as  probable. 

Experiments  with  injections,  and  inferences  drawn  from  the  results 
obtained  by  them,  play  an  important  part  in  the  consideration  of  the 
corneal  structure,  (Bowman,]  v.  Becklinghausen,^  Leber,**  C.  F.  Miil- 
ler,f  t  Schweigger-Seidel,  J  J  Boddaert).  §  § 

Boddaert  (L  c),  as  it  appears,  first  succeeded  in  filling  the  corneal  cavi- 
ties with  an  injection  by  puncture.  Whether  an  injection  of  them  exists  by 
capillary  action,  as  was  maintained  (v.  Wittich)  |{  ||  for  the  formerly  accepted 
inti-acellular  spaces  of  the  corneal  network,  must  be  decided  by  fresh 
researches  adapted  to  the  more  i*ecent  views. 

The  ordinary  result  of  all  injections  by  puncture  is  a  splitting  of  the 
corneal  tissue.  These  experiments,  owing  to  the  peculiar  structure  of  the 
cornea,  and  the  regular,  but  in  diflferent  directions  unequally  firm  cohesion 
of  its  fibrous  masses,  result  in  a  quite  characteristic  distribution  of  the 
injected  substance.  Hence  arose  the  false  conclusion  that  in  the  fi*esh 
cornea  there  existed  long,  straight,  tubular  spaces  (the  corneal  tubes  of 
Bowman,^^  interlamellar  spaces  of  Henle),***  or  a  plexus^like  system  of 
canals  (v.  Recklingbausen,ttt  CJ.  F.  Muller,jJ;I  Schweigger-Seidel).  §§§ 

•  Jfedicin,  Jahrbueher  der  Oes^ch.  der  Aerzte  in  Wim^  1871,  p.  1. 
Arudger  der  OeBeUsehaft  der  Aerzte  in  Wiea^  No.  8, 1871. 
See  this  text-book,  p.  lOl. 
I  See  this  text-book,  p.  824. 
Todd  and  Bowman,  ii,  p.  19.     Lectores,  p.  18. 
r  Die  Lymphgefdette^  eta,  p.  41. 
**  MonaUbUUter  far  AugmheClkunde^  1866. 
4+  Virchow'e  Arekiv,  Bd.  xli.,  p.  110.  1 1  L.  a 

gg  "  Zur  Hiatologie  der  Cornea,"  CentrMlatt  fUr  die  med.  WiesenMhaft^  1871, 
No.  22,    This  essay  reaches  me  as  I  am  oorrecting  this  sheet.     It  simply  obliigfes  me 
to  alter  the  following  passage.     For  the  rest  I  must  adhere  strictly  to  my  own  views. 
11  Virchow's  Arehiv,  Bd.  ix.,  p.  90  and  91.  1?  L.  o. 

**♦  L.  c,  p.  592,  fig.  448.  +tt  ^'  o- 

W  L.  a  '  mh.  c. 
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In  view  of  the  extensive  deliberations  which  the  Tarious  authors  have 
held  concerning  the  injection  of  the  corneal  spaces,  the  statement  just  made 
may  perhaps  be  considered  too  summary.  But  this  arises  from  the  fact 
that  the  subject  which  we  are  treating  is  in  reality  very  simple;  the  diffi- 
culties on  the  other  hand  have  been  artificially  introduced ;  firstly,  by  the 
scarcely  conceivable  attempt  to  bring  the  tubular  or  plexus-like  intervals  in 
continuity,  such  as  appear  with  splitting  of  the  corneal  tissue,  into  some 
relation  with  the  serous  canaliculi  (corneal  cavities)  ;  secondly,  by  the  more 
intelligible  effort  to  demonstrate  lymph-spaces  in  the  cornea,  just  as  they 
have  been  so  happily  demonstrated  by  the  same  method  in  other  tissues. 

Various  injecting  substances  may  be  employed  for  splitting  the  cornea. 
The  injections  with  mercury  (Bowman)  and  with  oily  substances  succeed 
better  than  watery  injections  (v.  Recklinghausen,  Leber).  The  solution 
most  to  be  recommended  is  oil  of  turpentine  mixed  with  equal  parts  of 
olive  oil,  the  latter  being  previously  colored  with  ethereal  extract  of 
alkanet  root.  We  may  inject  with  this  mixture,  and  be  assured  that  all 
other  injections  give  essentially  the  same  result. 

Different  results  will  be  obtained  with  different  animals.  In  the  cornea 
of  the  Sheep,  the  Ox,  the  Babbit,  and  the  Frog,  we  get  figures  densely 
crowded  together  with  but  small  interspaces,  and  disposed  in  parallel  bun- 
dles ;  these  figures  assume  a  lanceolate  form,  and  generally  for  a  shorter  or 
longer  distance  in  their  course  present  irregular  constrictions,  but  seldom 
communicate  with  one  another  transversely.  Such  bundles  of  figures  He 
one  over  the  other,  crossing  each  other  at  various  angles. 

In  the  Frog,  where  the  injection,  although  difiicult,  still  succeeds  excel- 
lently in  a  given  number  of  cases,  the  constrictions  of  the  lanceolate 
figiires  follow  each  other  in  quick  succession,  leaving  the  intervals  relatively 
short. 

In  general  we  have  the  picture  which  is  represented  with  a  low  magnify- 
ing power  in  fig.  354. 

All  the  injections  succeed  best  in  the  perfectly  fresh  cornea,  and  imme- 
diately after  the  injection  the  cornea  may  be  examined  in  humor  aqueos 
(with  Hartnack's  objective  No.  4  and  eye-piece  No.  3,  or  with  higher 
powers). 

If  now  we  compare  the  appearances  produced  in  the  Frog's  cornea  by  in- 
jection with  those  produced  by  the  silver  or  gold  treatment,  we  shall  find  it 

difiScult,  if  we  judge  impartially,  to  un- 
derstand why  the  corneal  tubes  should 
not  always  have  been  considered  as 
essentially  different  from  the  serous 
canaliculi. 

In  all  the  above-mentioned  animals 
the  case  is  the  same  as  in  the  Frog. 

But  the  appearances  are  different  in 
the  Dog  and  Guinea-pig ;  here  the  in- 
jected substance  does  not  form  the  long 
lanceolate  figures,  but  arranges  itself 
in  irregularly-shaped  broad  spots  which 
communicate  with  one  another  by  small 
bands.     At  the  margins  of  the  punc- 
ture such  spots  often  appear  completely 
Pig.  354.     Corneal  tubes  from  the     isolated,  or  are  united  together  by  very 
Frog,  as  displayed  by  the  injection  of     ^^^  processes,  or  they  enter  into  oon- 
an  oily  mixture.  nection  with  one  another  by  broader 


Fig.  354 
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bandji  and  form  an  irregular  plexus,  which  is  to  be  distinguished  only  by  its 
large  meshes  from  those  parts  where  the  iigection  is  more  complete  and  the 
meshes  are  smaller. 

Such  plexuses  lie  in  many  layers  of  the  injected  cornea,  one  above  the 
other. 

When  the  injection  is  incomplete  and  the  meshes  are  large  we  may  have 
the  appearances  drawn  by  0.  F.  Miiller*  and  Schweigger-Seidel,f  from  the 
cornea  of  the  Guinea-pig  and  the  Dog.  Only  limited  portions,  however,  dis- 
play the  appearances  represented  in  the  drawings  just  referred  to.  That  it 
is  possible  in  such  plexuses  to  demonstrate  by  hsemotoxylin-staining  such 
a  regular  division  of  the  nucleus  as  is  shown  in  these  drawings  of  0.  F. 
Miiller  |  and  Schweigger-Seidel,§  I  cannot  affirm  from  my  own  experience. 
I  have  never  been  able  to  obtain  such  results,  nevertheless  I  consider  it 
possible  that  in  certain  cases  they  may  succeed  ;  still  they  possess  no  special 
importance  as  regards  the  corneal  structure.  We  must  positively  deny  that 
in  the  cornea  of  the  same  species  of  animal  we  may  obtain  at  one  time 
straight  lanceolate  figures  and  at  another  time  net-like  figures,  according  to 
the  force  used  in  the  injection,  as  is  stated  by  C.  F.  Miiller,  ||  and  as 
Schweigger-Seidel^  in  one  place  implies.  This  is  not  the  case :  in  the  first 
mentioned  animals  we  always  find  lanceolate  figures,  and  in  the  Dog  and 
Guinea-pig  always  networks. 

It  is  much  more  important  to  determine  what  solution  of  continuity  has 
been  occasioned  in  the  cornea  by  the  injection,  than  to  exhibit  by  staining 
the  surviving  nuclei  of  the  protoplasmic  network  which  the  injection  has 
lacerated.  This  may  be  excellently  accomplished  if  we  separate  the  injec- 
ted substance  again  from  the  tissue. 

For  this  purpose  it  ia  necessary  to  immerse  the  cornea,  already  injected 
with  the  above-mentioned  substances,  in  absolute  alcohol.  This  undergoes 
but  little  discoloration,  and  after  a  few  hours  we  may  prepare  thin  sectiouR, 
both  perpendicular  and  parallel  to  the  surface,  with  a  knife  moistened  in 
alcohol.  These  should  be  soaked  in  ether  till  the  injecting  substance  is 
extracted,  then  in  alcohol,  and  afterwards  in  water,  and  then  they  may  be 
examined  after  treatment  with  some  staining  solution. 

The  fibrillar  substance  of  the  cornea  will  then  appear  separated  into 
laminfB,  the  bundles  being  arranged  in  a  laminated  and  regularly  trabecu- 
lated  framework,  which  is  tightly  drawn  and  often  broken  through. 

Moreover,  as  we  pass  from  the  fully-injected  portions  of  the  cornea  to 
those  in  which  the  injection  is  only  pardal,  we  shall  be  able  to  recognize  all 
the  stages  from  the  beginning  up  to  complete  splitting  and  disruption  of 
the  cornea.  Nothing  can  now  be  more  appropriate  than  the  comparison  of 
the  fibrillar  substance  of  the  cornea  with  a  compressed  sponge  (KblUker).** 
If  we  should  imagine  that  the  cornea,  thus  split  up  by  the  injection,  could  be 
again  pressed  together  in  such  a  manner  that  all  the  fibiils  should  describe 
again  the  same  course  by  which  they  left  their  original  position,  then  the 
fibrils  of  this  compressed  sponge  would  have  resumed  their  original  arrange- 
ment, just  as  they  were  fastened  together  in  the  cornea  by  the  cement 
substance. 

We  think  that  we  have  now  furnished  the  means  by  which  any  one  may 
convince  himself  that  the  usual  result  of  an  injection  of  the  cornea  by  punc- 
ture is  a  splitting  up  of  the  corneal  tissue. 

♦  L.  c,  fig.  1.  t  L,  a,  figs.  13  and  14.  1  L.  c,  fig.  1. 

"     ^'  I  L.  a,  p.  138.  .  1  " 


I  L.  c,  fig.  14.  i  L.'o,,  p.  138.  i  L.  a*,  pp!  816  and  817. 

*♦  Jiikrotkopitiehe  AnaUnnis,  Bd.  ii.,  2,  Halfte,  p.  610. 
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The  &ct  that  the  framework  exhibited  by  this  splitting  is  differently  ar- 
ranged in  different  animals  proves  that  the  fibrils  do  not  follow  the  same 
course  in  all  animals. 

Schweigger-Seidel*  used  the  splitting  of  the  corneal  tissiie  in  the  demon- 
stration of  the  nucleated  plates  described  by  him ;  we  shall  hereafter  show 
what  was  isolated  by  this  method. 

With  reference  to  the  incorrect  theory  of  a  system  of  corneal  canals  lined 
with  flat  cells,  let  us  now  take  into  consideration  the  appearances  obtained 
by  Hoyer,f  by  silvering  the  cornea  of  the  Kitten,  in  the  layers  adjacent  to 
the  membrane  of  Descemet ;  appearances  which  C.  F.  MUller|  also  claims 
to  have  seen  in  the  embryo  (38-41  centimetres  in  length)  of  the  Ox,  also  . 
in  the  Dog,  the  Pig,  etc.,  and  in  all  the  layers ;  these  appearances  were  also 
described  by  Schweigger-Seidel,§  and  drawings  made  from  the  Dog's  cornea. 

I  am  well  acquainted  with  these  appearances,  but  have  found  tiiem  only 
in  young  animals :  they  mav  be  demonstrated  in  every  young  Rabbit,  in  the 
layers  adjacent  to  the  membrane  of  Descemet.  Broad,  indentated,  silvered 
spots,  continuous  with  one  another  by  wide  bands,  display  in  their  interior 
black  lines,  by  which  the  spaces  are  subdivided  in  such  a  way  as  to  resemble 
epithelial  or  endothelial  cells  bounded  by  silver  markings.  The  black  lines 
correspond  indeed  to  the  boundaries  of  cells.  But  these  cells  are  not 
flat  cells,  but  corneal  cells,  between  which  no  fibrillar  basis-substance,  or  at 
least  but  very  little,  has  been  developed. 

The  entire  embryonic  cornea  at  one  period  consists  of  such  closely  packed 
and  at  first  round  cells,  and  the  transformation  into  corneal  tissue  com- 
mences at  the  anterior  surface  and  gradually  advances  toward  the  posterior 
surface  of  the  cornea.  In  young  animals  appearances  present  themselves  in 
the  layers  adjacent  to  the  membrane  of  Descemet,  which  during  the  period 
of  development  exist  in  all  the  layers  of  the  cornea.  But  here  also  in  the 
embryo  of  the  Ox,  according  to  C.  F.  Miiller,  and  in  the  Sheep's  embiyo,  as 
I  myself  have  observed,  we  may  obtain  the  silvered  pictures  described  by 
Hoyen 

I  am  not  able  to  give  the  exact  age  at  which  in  a  given  animal  these  ap- 
pearances may  or  may  not  be  obtained  in  the  layers  adjacent  to  the  mem- 
brane of  Descemet,  owing  to  the  limited  number  of  observations.  It  is  never- 
•  theless  certain  that  they  ai*e  not  to  be  seen  in  the  fully-developed  oomea  of 
the  adult  animal. 

Great  care  must  here  be  taken  in  the  examination  of  silver  preparations 
which  have  been  macerated  in  water  for  a  long  time,  or  which  have  under- 
gone degeneration ;  in  these  cases  deceptive  appearances  of  various  kinds 
may  present  themselves. 

The  appearances  described  by  Hoyer,  therefore,  are  explained  by  the  his- 
tory of  development  of  the  corneal  tissue,  and  argue  as  little  for  the  exist- 
ence of  corneal  spaces  lined  with  cell-plates  as  does  the  splitting  of  the 
cornea  by  injection. 

Some  remarks  must  here  be  made  with  regard  to  that  portion  of  the  basis- 
substance  of  the  cornea  which  we  supposed  to  surround  the  corneal  cavities 
^ith  their  processes  (interfibrillar  portion  of* the  basis-substance).  There  can 
but  little  be  said  concerning  the  peculiarities  and  conditions  of  this  sub- 
stance, nevertheless  we  must  bear  it  in  mind  as  always  continuous,  and  defi- 
nitely but  irregularly  distributed  in  the  cornea.  The  distribution  is  always 
dependent  upon  the  existing  arrangement  of  the  fibrils  and  fibril-bundles. 

*  L.  o.,  p.  321.  f  Beiohert  and  Da  Bois,  Arehi^^  1865,  p.  214. 

t  L.  c,  p.  132.  §  L.  c,  fig.  16. 
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If  wB  should  imagme  this  interfibrillar  substance  to  be  inflexible  and  the 
fibrils  to  be  removed,  and  the  protoplasmic  network  also  removed,  we  should 
then  have  the  skeleton  of  this  substance  remaining. 

This  skeleton,  however,  has  a  particular  arrangement.  If  we  cut  a  per- 
pendicular section  from  a  perfectly  fresh  cornea  with  a  sharp  knife  on  a  piece 
of  cork,  and  spread  the  section  out  in  water,  we  shall  see  that  when  the  sec* 
tion  is  stretched  in  a  direction  perpendicular  to  the  surface  of  the  cornea, 
numerous  interstices  exist  which  are  bounded  by  lengthened  edges :  where 
these  interstices  exist  (interlamellar  spaces  of  Henle)  the  bundles  of  fibrils 
are  in  less  intimate  union  than  in  the  tissue  which  is  situated  between  these 
spaces.  At  the  places  where  these  spaces  exist,  the  fiat  bodies  of  the  cor- 
neal corpuscles  are  also  to  be  found.  If,  however,  we  compare  the  length  of 
these  spaces  with  the  length  of  the  flat  centres  of  the  corneal  corpuscles,  we 
shall  find  that  the  former  are  more  extensive  than  the  latter.  This  sub- 
stance is  therefore  deposited  in  extended  layers  about  the  interspaces  which 
contain  the  corneal  corpuscles,  being  thicker  between  the  diverging  bundles 
of  the  corneal  tissue  and  thinner  in  the  direction  of  the  corneal  sur&ce,  while 
it  is  more  scantily  dbtributed  in  the  fine  passives  between  the  fibrils  and 
about  the  processes  of  the  corneal  corpuscles  which  pass  in  the  direction  of 
the  perpendicular  diameter  (fig.  348,  b).  According  to  the  peculiar  arrange- 
ment and  distribution  of  the  corneal  corpuscles  (comp.  ^,  345  and  fig.  348, 
b)  these  extensive  flat  layers  of  intervening  substance  generally  take  a  course 
parallel  to  the  corneal  surface,  and  converging  become  continuous  with  one 
another,  at  the  same  time  being  connected  by  bands  and  filaments  of  various 
form.  After  having  first  treated  the  cornea  with  silver  and  afterwards  with 
gold,  as  described  above,  we  may  prepare  some  specimens  by  teasing.  We 
may  then  often  see  on  certain  of  the  fibril-bundles  the  markings  of  the  edges 
of  the  still  preserved  or  lacerated  corneal  cavities.  The  fibrils  themselves, 
where  they  have  been  completely  isolated,  appear  smooth,  and  not  at  all  or 
but  slightly  coloi-ed.  The  blue  color  adheres  to  a  mass  which  seems  to  be 
traversed  by  the  fibrils ;  this  mass  appears  to  be  interspersed  with  granules, 
and  as  on  the  one  hand  it  surrounds  the  fibrils,  so  on  the  other  hand  it  forms 
the  margins  of  the  corneal  cavities. 

The  above-mentioned  skeleton  of  cement  substdnce  may  be  isolated  from 
the  corneal  fibrils,  although  in  a  distorted,  ragged,  and  dilapidated  condition. 
This  is  the  case  when  we  resolve  the  fibrils  into  gelatine  by  prolonged  boil- 
ing in  water,  or  in  alcohol  containing  hydrochloric  acid  (strong  alcohol  with 
^— }  per  cent,  of  smoking  hydrochloric  acid). 

If  we  follow  the  changes  which  the  cornea  (of  the  Ox,  the  Dog,  and  the 
Sheep)  thus  suffers,  we  shall  remark  no  further  changes  than  the  already 
mentioned  sudden  alterations  in  form,  which  are  occasioned  by  boiling  in 
alcohol  with  hydrochloric  acid.  The  pieces  of  cornea  become  more  and  more 
free  from  the  dissolving  gelatine-yielding  substance,  and  display,  as  may  be 
fthown  by  sections  prepared  from  time  to  time,  the  same  appearance  which 
may  be  seen  in  boiled  sections  of  cornea,  and  which  have  been  referred  to  as 
indicating  the  lamellar  structure  of  the  cornea,  until  finally  it  may  be  easily 
resolved  into  laminsa  and  sublamin^.  In  the  dii*ection  of  the  perpendicular 
diameter  are  to  be  seen  brilliant  striae,  sometimes  converging  toward  one 
another,  here  and  there  thickened,  and  lying  in  manifold  layers  one  above 
the  other.* 

*  Our  own  oboervationa  on  this  sabstancd  have  not  g^ne  beyond  this  point.  Bnt  to 
this  the  following  remarks  of  Lightbody,  at  least  in  pict.  refer  T'^  On  tiie  Anatomy  of 
the  Cornea  of  Vertebrates,"  Journal  of  Anatomy  and  Phymdoffy^  yoL  i.,  London 
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When  Schweigger-Seidel*  states  that  he  has  succeeded,  by  the  use  of 
alcohol  and  hydrochloric  acid,  in  bringing  to  view  simultaneously  the  trans- 
parent vitreous  plates  of  his  corneal  cell  and  the  superimposed  brilliant, 
granular-appearing  corpuscle  (artificial  product  described  by  Schweigger- 
Seidel),  these  appearances  are  due  to  the  flat  centres  of  the  corneal  corpus- 
cles surrounded  by  remaining  cement  substance.  A  similar  explanation 
must  be  given  of  the  plates  which  can  be  isolated  by  the  injection  of  fluids 
into  the  cornea. 

With  reference  to  the  channels  for  the  wandering  cells  of  the  cornea,  we 
must,  in  accordance  with  the  views  expressed,  advocate  the  opinion  that 
they  are  to  be  found  in  the  system  of  canals,  which  are  also  filled  with  the 
soft  protoplasmic  netwdrk  of  the  corneal  corpuscles  (v.  Recklinghausen). 
The  idea  of  a  fluid  substance  uniformly  distributed  throughout  the  cornea, 
in  which  the  solid  elements  bathe,  and  in  which  also  the  wandering  cells 
might  take  their  path,  pushing  aside  these  elements  (Engelmann),f  does  not 
accord  with  the  appearances  observed :  the  decision  whether  transudations 
cause  or  could  cause  disruption  of  the  corneal  tissue,  after  the  manner  of  the 
injections  by  puncture,  and  whether  in  such  transudations  formations  of  an 
amoeboid  nature  exist,  must  be  left  to  future  researches. 

The  Vessels  of  the  Cornea. — ^The  central  portions  of  the  cornea  of  the 
adult  Vertebrate  are  destitute  of  blood-vessels. 

In  Man  there  exists  at  the  margin  a  border  of  only  1-1^  mm.  in  breadth, 
filled  with  delicate  capiUary  loops.  These  arise  from  arteries  which  run  in 
the  outer  layers  of  the  anterior  portion  of  the  conjunctiva  bulbi  and  are 
continuous  with  the  subjacent  veins  of  the  same  membrane  (fig.  355). 

Concerning  the  origin  of  the  said  arteries  and  veins  with  reference  to  the 
vascular  tracts  of  the  eye,  consult  the  article  entitled  Blood-vesselB  of  the 
Eye. 

Deeper  corneal  vessels,  and  vessels  coming  from  the  sclerotic,  are  not  to 
be  found  in  Man  even  at  the  corneal  margin  (Leber). 

In  the  Human  eye  we  may  often  see  in  the  cadaver  the  vascular  loops  of 
the  corneal  margin  vet-y  prettilv  injected.  As  a  rule,  excellent  natural  in- 
jections of  the  extended  and  ^  ulely-meshed  loops  may  be  seen  in  the  .lesh 
eye  of  the  Sheep. 

'  In  embryonal  eyes  a  delicate  capillary  plexus  is  to  be  seen  on  the  entire 
anterior  surface  of  the  cornea,  in  that  layer  of  the  cameeil  tissue  which  lies 
immediately  under  the  anterior  epitheliiim. 

Concerning  l3rmphatics  in  the  cornea,  certain  statements  have  been  made 
by  Kolliker,!  nis,§  and  Samisch,||  which  are  founded  upon  isolated  and 

and  Cambridge,  1867,  p.  16),  although  nnfortnnately  he  does  not  give  his  methods  of 
preparation ;  he  says :  **  The  bundles  are  connected  to  each  other  by  a  gelatinous  form 
of  connective  tissue  which  varies  greatiy  in  quantity  and  oonsistenoe  in  different 
animals :  in  the  Babbit  it  ia  abundant,  but  hard ;  in  the  Bat  it  is  also  abundant,  bat  so 
soft,  especially  near  the  mazgin  of  the  cornea,  that  if  the  oonjunotival  epithelium  be 
scraped  off  rather  roughly,  it  is  squeezed  out  of  place,  and  presents  much  the  same 
aspect  as  Bowman^s  corneal  tubes,  which  I  believe  are  generally  considered  to  be  the 
artificial  separation  of  the  bundles.  This  gelatinous  substance  is  dyed  by  carmine, 
though  not  so  deeply  as  the  corpuscles  and  their  processes  which  lie  embedded  in  it, 
yet  deeper  than  the  tissue  oompoeing  the  bundles :  this  last  is  hardly  dyed  at  all,  un- 
less the  solution  of  carmine  is  very  strong,  and  what  it  does  absorb  then  is  tolerablj 
easy  to  wash  out." 

*  L.  c.,  p.  323.  t  "^  o->  P-  ^• 

t  Mikroskopiscke  AnaUmde^  Bd.  ii.,  p.  621. 
}  Beitrdge  ssur  normal,  undpathdbg.  Histdoffie  der  Cornea^  p.  71. 
Beitrage  stur  normal,  undpathoHog,  Anatomie  des  Auges,  1862,  p.  12. 
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doubtful  observations  of  the  corneal  margin.   0.  F.  Miiller  *  and  Schwalbe  f 
were  not  able  to  confirm  the  statements  of  Lightbody  I  concerning  perivas- 

Pig.  855. 


Fig.  855.  Terminal  loops  from  the  most  anterior  oonjanotiTaL  yeasels,  b  b'.  A^ 
arteries  ;  9,  veins  \aa\  b  b\  cornea ;  b  b\  66\  oonjnnotiva  and  sclerotica.  From  the 
eye  of  a  GhQd,  vei^  completely  injected  with  gelatine  and  soluble  Berlin  blue. 

•  L.  c,  p.  147.  \Archif>far  MtkroOcopUehe  Anatamie,  Bd.  6,  p.  264. 

t  Joumai  of  Anatomy  and  r/iysiology,  1867,  p.  85. 
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cular  spaces  about  the  capillary  loops  of  the  margin  of  the  cornea.  The 
attempts  to  find  an  outlet  for  the  fluids  injected  into  the  cornea  have,  as 
a  rule,  proved  unsuccessful  (C.  F.  MuUer,*  Schweigger-Seidel).t  It  is 
said,  however,  that  a  passage  of  the  injected  substance  into  the  lymphatics 
of  the  conjunctiva  has  been  observed  (Leber) J. 

Finally,  we  must  here  mention  the  fact  that  when  the  cornea  is  injected  by 
puncture,  the  injected  substance  may  also  be  forced  along  the  nerve  trunks 
(C.  F.  Muller)  ;  §  this  may  happen  from  the  extravasations  of  injection 
which  has  been  forced  into  the  blood-vessels.  In  this  same  way  may  be  ex- 
plained (C.  F.  Muller)  ||  the  injected  figures  resembling  vessels,  described 
by  Teichmann,^  also  the  vasa  serosa  of  J.  Arnold,**  and  of  Niemetschek-ff 

Thb  Membrane  of  Debcemet. 

In  transverse  sections  of  the  coi-nea  the  membrane  of  Descemet  presents 
a  very  sharply-defined  layer.  In  Man  its  thickness  increases  with  age.  In 
the  new-bom  infant  H.  Muller  JJ  found  its  thickness  to  be  0.005-0.007  mm.  ; 
in  the  adult,  at  the  centre  0.006-0.008  mm.,  at  the  margin  0.01-0.012  mm. ; 
in  the  aged,  at  the  centre  0.01  mm.,  at  the  margin  0.015-0.02  mm.  It  can 
be  detached  from  the  fresh  cornea  only  with  great  difficulty,  but  quite  easily 
from  a  cornea  which  has  been  treated  with  permanganate  of  potaish  or  witlk 
a  10  per  cent,  solution  of  common  salt. 

Pieces  of  this  membrane,  whether  obtained  from  the  fresh  cornea  or  from 
the  cornea  treated  as  above,  display  this  peculiaiity,  that  they  curl  up  from 
the  two  opposite  edges  like  paper  which  has  lain  for  a  long  time  in  roUs. 
The  margins  of  a  detached  portion  of  the  membrane  of  Descemet  appear 
under  the  microscope  very  sharply  defined,  and  since  we  always  get  a  per- 
spective view  of  all  the  edges,  owing  to  the  great  homogeneity  of  the  mem- 
brane, it  gives  the  impression  of  a  viti*eous  substance.  The  membrane  of 
Descemet  has  these  characteristics  in  common  with  the  capsule  of  the  lens. 

In  the  fresh  state  the  membrana  Descemetii  displays  no  structure  recog- 
nizable by  the  microscope.  Only  occasionally  can  be  seen  on  the  surface  of 
fragments  an  indistinct  and  interrupted  striation,  parallel  to  the  surfnoe 
(Bhicke,§§  Mensonides,||||  Leydig).^^, 

•  Henle***  saw  the  membrane  of  Descemet  of  the  Ox  after  thirty  hours'  boil- 
ing resolved  into  a  mass  of  the  finest,  rolled-up,  transparent  laminse.  In  fine 
sections  of  the  dried  cornea  treated  for  twenty-four  hours  with  an  iodine  so- 
lution of  the  iodide  of  potash,  Tamamscheff  f  f  f  saw  this  membrane  striated  and 
capable  of  being  split  into  the  finest  fibrils  in  the  direction  of  the  surface. 
Peculiar  appearances  have  been  described  and  drawn  by  Schweigger-Seidel,JJJ 
who  states  that  maceration  in  a  10  per  cent,  solution  of  common  salt  occa- 
sions a  distinct  fibrillar  striation  of  the  membrane — ^whether  on  the  edge  or 
on  the  surface  is  not  stated. 

At  the  margin  of  the  cornea  in  Man  there  exist  wart-like  elevations  of 

*  L.  a,  p.  146.  t  I^  o.,  pp.  824  and  S25. 

::  KU7iueheM(matsmtterfilrA^tgenheakunde,l&i6,  p.  17. 

<^  L.  c,  p.  142.  I  L.  c.  IT  i^  Saugadenystem,  **  Ll  c 

t  Prag«r  Viertdjahrschnft,  Bd.  3, 1864,  p.  48. 
:  :i  ArdUnfiS^T  Ophth,  Bd.  ii,  Abth.  2,  p.  48.  §§  L.  o.,  p.  606. 

J  Nederlandiiek  Lancet,  Mai,  1S49,  p.  694 
Mir  ZdUchriftfuTumen^ch,  Zoologis,  Bd.  v.,  p.  41. 
♦**  Caimst  Jahretber.,  1853,  p.  26,  and  L  c.,  p.  606. 
f  Centralblatt  furdismed.  Wisaenschaften,  1869,  p.  858. 
■  L.  c.,  pp,  811  and  812,  figs.  7,  8, 9, 10. 
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the  posterior  surface  of  Descemet's  membrane  (Hassal,*  H.  Muller).f 
These  are  wanting  in  the  earlier  years  of  life ;  between  the  twentieth  and 
thirtieth  year  they  have  a  diameter  of  0.01  mm.  at  the  base,  are  about  half  as 
high,  and  stand  in  2-4  rows,  at  intervals  about  equal  to.  theijr  diameter.  In 
aged  persons  they  are  0.02  mm.  broad  at  the  base,  0.01  mm.  in  height,  and 
form  a  broader  zone ;  in  rare  cases  they  I'each  as  far  as  the  centre  of  the 
cornea  (H.  Muller). 

The  connections  formed  by  the  membrane  of  Descemet  at  its  margins  will 
be  hereafter  described. 

The  Endothelium  of  the  Membrane  of  Descemet. 

Tlie  endothelium  of  the  membrane  of  Descemet  (internal  epithelium  of 
the  cornea)  in  the  developed  eye  of  Man  and  animals  consists  of  a  layer  of 
polygonal  cells  0.025  mm.  in  diameter  (Henle).];  The  cells  appear  flattened, 
and  possess  round  nuclei  0.008  mm.  in  diameter  (Henle).§  In  perfectly 
fresh  eyes  the  endothelium  may  be  brushed  off  in  the  form  of  a  continuous 
membrane.  This  stratum  of  cells  on  the  posterior  surface  of  the  cornea  is 
not  to  be  reckoned  as  an  epithelium,  but  rather  as  a  pseudo-epithelium  or 
endothelium  (nis).| 

In  the  inflamed  cornea  of  the  Frog,  Klebs  %  observed  a  series  of  changes 
in  form  of  the  cells  of  the  endothelium,  which  in  some  instances  were  quite 
as  active  as  those  of  the  lymph  corpuscles,  and  which  led  to  a  detachment 
of  the  cells.  Norris  and  Strieker  **  likewise  observed  movements  of  the 
endothelial  cells  of  Descemet's  membrane  in  inflamed  comefe,  and  also  claim 
to  have  seen  a  multiplication  of  the  nuclei  and  a  proliferation  of  the  cells. 
If  we  bring  a  freshly-excised  healthy  Frog^s  cornea,  moistcmed  with  hu- 
mor aqueus  as  quickly  as  possible  under  the  microscope,  and  examine  the 
endothelium  of  the  membrane  of  Descemet  with  exact  adjustment,  we  shall 
see  that  it  is  composed  of  two  different  kinds  of  cells.  One  portion  of  the 
cells  appear  granidar,  and  in  them  may  be  distinguished  a  round  nucleus 
surrounded  by  a  more  or  less  distinct  outline.  Another  portion  of  the  cells, 
on  the  other  hand,  appear  completely  smooth,  and  without  any  sign  of  nu- 
cleus. The  cells  in  these  two  conditions  occur  singly  or  united  in  irregular 
figures,  and  drawings  of  the  endothelial  membrane  may  vary  considerably, 
owing  to  these  different  conditions  of  the  cells  and  their  varying  distribu- 
tion. 

The  Development  of  the  Corneal  Layers  which  belong  to  the 
Connective  Tissue. 

The  histogenesis  of  the  cornea  calls  for  i-enewed  researches,  especially 
with  the  use  of  the  silver  and  gold  methods.  At  present  we  have  but 
fragmentary  observations  on  this  subject.  In  the  cornea  of  the  fcetus  of 
the  Ox,  1^  inch  in  length,  Langhanns  f f  found  oval  or  roundish  cells,  con- 
taining faintly-defined  nuclei  and  lying  closely  together.  In  an  embryo  1^ 
inch  in  length  the  cells  were  found  to  be  irregular  in  form,  sometimes 
round  and  sometimes  serrated. 

*  liikraskopiaehe  AruxtcmUy  Dentsch  von  KohlachQtter,  Leipzig,  1852,  p.  393,  Bd. 
it,  Tal  iTJii.,  fig.  11. 

IArtihinf&r  OphtK,  Bd.  ii.,  Abth.  2,  p.  48. 
L.  a,  p.  007.  8  L.  o. 

ESi>uU  und  HoMm  des  K&rpers,  Basel,  1865,  p.  18. 
CentralblaUfu^  die  med.  WiKensehaflen,  18M,  p.  513-516. 
♦•  L.  a, pp.  16  and  17.  ft  I*-  c-»  PP.  17  and  18. 
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In  an  embryo  2^  inches  in  length  a  fibrous  appearance  may  be  seen  in 
fi*agments  of  the  cornea,  the  cells  are  large,  and  their  form  already  resem- 
bles that  of  the  corpuscles  of  the  fully-developed  cornea.  In  the  foetus  of 
an  Ox  whose  eye  was  about  6  mm.  in  diameter,  the  cells  were  seen  to  be 
pale,  elongated,  and  furnished  with  4-6  processes. 

I  have  made  observations  on  a  number  of  eyes  of  the  Sheep's  embryo. 
These  eyes  had  been  hardened  in  Miiller's  fluid,  and  embedded  in  Pere- 
meschko^s  mass,  and  the  sections  were  stained  with  carmine.  In  these  pre- 
parations I  And  the  cornea  at  first  to  consist  of  round,  closely-packed  cells. 
At  a  later  period  the  cells  appear  to  be  flattened  in  the  direction  of  the  thick- 
ness of  the  cornea.  These  flattened  cells  lie  also  closely  together  one  above 
the  other,  like  the  cells  in  the  superficial  strata  of  a  flat  epithelium. 

Between  these  flattened  cells  there  now  appears  a  clear  substance  which 
pushes  the  cells  apart  in  the  direction  of  the  thickness  of  the  cornea,  so 
that  we  have  a  picture  which  already  reminds  one  of  a  meridional  section 
of  the  fully-developed  cornea. 

This  sepai*ation  of  the  cells  does  not  take  place  simultaneously  in  all  the  lay- 
ers of  the  cornea.  It  commences  rather  in  the  vicinity  of  the  anterior  pole 
of  the  eye,  involves  first  the  most  anterior  layers,  and  progresses  gradually 
toward  the  anterior  chamber.  At  a  certain  period  of  development  the  ante- 
rior chamber  is  se])arated  from  the  corneal  layers  and  their  already  mature 
intercellular  substance  by  a  layer  of  stratified  cells,  all  of  which  are  cixact- 
ly  like  the  innermost  row  of  cells  corresponding  to  the  endothelium  of 
Descemet's  membrane.  The  membrane  of  Descemet,  however,  is  not  yet 
present.  It  makes  its  appearance  as  a  narrow  stripe  between  the  inner- 
most layer  of  ceUs  and  the  layers  of  cells  which  lie  external  to  this. 

In  the  embryo  of  the  Calf,  8  centimetres  in  length,  and  in  the  Human 
embryo  of  the  second  or  third  month,  the  membrane  of  Descemet  is  to  be 
found,  according  to  Bonders,*  with  the  same  structureless  appearance  as  in 
the  adult,  only  it  is  thinner. 

At  a  very  early  stage  fine  fibrils  or  fibrillar  markings  may  be  seen  in  the 
clear  substance,  which,  as  stated  above,  pushes  apart  the  flattened  cells  of 
the  developing  corneal  tissue.  The  cells  themselves  seem  to  be  furnished 
with  processes,  which  pass  off  in  the  most  diverse  directions  to  communicate 
with  the  processes  of  neighboring  cells,  but  which  never,  as  is  seen  by  sec- 
tions and  preparations  by  teasing,  are  continuous  with  the  substance  of  the 
fibrils,  f  The  latter  pass  into  the  substance  filling  the  intei-spaces  of  the 
granular  protoplasm  of  the  cells,  in  a  manner  similar  to  that  of  the  fibrils  of 
connective  tissue  during  the  development  of  the  network.^  The  histological 
processes  of  the  regeneration  of  corneal  tissue,  observed  in  the  Rabbit  after 
shaving  off  the  superficial  layers  (Donders,§  De  Qonvea),||  and  in  Man  after 
loss  of  substance  (Donders),^  should  likewise  be  subjected  to  more  thorough 
examination. 

The  External  Epithelium  of  the  Cornea. 

This  epithelium  is  a  laminated,  flat  epithelium,  0.03  mm.  in  thickness  in 
Man  (Henle),**  and  displaying  in  Man  and  the  Mammalia  very  much  the 
same  characteristics. 

•  2fedeH.  Lancet^  Aug.,  1851,  p.  47. 

f  Compare  Wilckens  *'  Ueber  die  Entwickelung  der  Homhant  des  Wirbelthleranges.** 
Zeitse/ir,  fur  rat.  Med.,  8  R.  Bd.  xi.,  p.  167.  t  See  thib  text-book,  p.  7d. 

§  Holland,  BeUiapeatr  Natur-  und  HdOcunde,  Bd.  i.,  p.  887. 
£  Arcfiivfar  Augerin  und  OhrenheHkunde,  Bd.  i.,  p.  119. 
1  JHederl.  Lancet,  1848,  p.  218.  ♦•  L.  c,  p.  605. 
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The  most  superficial  strata  of  the  external  epithelium  consist  of  flattened 
cells,  which  are  arranged  in  manifold  layers  one  above  the  other ;  these  cells 
have  a  greater  diameter  in  the  direction  of  the  corneal  surface  than  the  ad- 
jacent deeper  cells,  which,  when  seen  in  situ,  that  is,  in  sections  of  hardened 
preparations,  or  in  detached  fragments  of  epithelium,  present  a  polygonal 
form.  In  prepaj*ations  of  epithelium  which  have  been  immersed  in  iodized 
serum,  or  macerated  for  some  time  in  a  10  per  cent,  solution  of  common 
salt  and  then  for  a  short  time  in  water,  these  cells  appear  i-ough,  finely  in- 
dented, and  fitted  into  one  another  by  their  inequalities  like  the  serrated 
cells  (nff-  or  stachel-cells). 

Fig.  866. 


Fig.  856.  Serrated  cells  (rifl-  or  etachel-cells)  from  the  middle  layers  of  the  external 
oomeal  epithelium,  from  the  Pig.  The  cornea  has  been  macerated  in  a  10  per  cent, 
solution  of  common  salt,  and  the  cells  isolated  by  subeequent  treatment  with  water. 

Cleland  *  claims  to  have  isolated  with  bichromate  of  potash,  and  to  have 
made  drawings  of,  cells  with  long  (fingerlike)  processes,  from  the  middle 
layers  of  the  corneal  epithelium  of  the  Ox :  such  cells  I  have  not  been  able 
to  find  even  in  the  same  animal. 

The  deepest  layer  of  cells  situated  directly  upon  the  corneal  tissue  consists 
of  cells  which  are  elongated  in  a  direction  perpendicular  to  the  surface. 
When  isolated  they  likewise  appear  rough,  owing  to  the  detachment  of  their 
serrated  edges  from  those  of  the  neighboring  cells.  They  sit  with  broad 
bases  upon  the  corneal  tissue,  but  do  not  send  any  processes  into  it.  The 
base  of  the  cells  when  seen  from  tbe  side  appears  as  a  brilliant  border  (basal 
border).  The  round  nucleus  of  the  cell  lies  somewhat  nearer  to  the  external 
than  to  the  internal  end  of  the  cell.  This  may  be  well  seen  in  sections  of  the 
00171088  of  animals  in  whom  the  cells  are  particularly  long,  for  instance, 
in  the  Ox  and  the  Pig ;  the  corneiB  having  been  quickly  hardened  in  alcohol, 
and  the  sections  stained  in  haamatoxylin.  Krause  f  claims  to  have  seen  be- 
tween the  cells  of  this  layer  peculiar  ellipsoidal  cells  (?)  sparsely  distributed. 

In  the  Frog  the  epithelium,  as  seen  at  the  folds  of  the  fresh  cornea,  pre- 
sents the  appearance  represented  in  fig.  346.  Here  also  I  am  convinced 
that  the  10  per  cent,  solution  of  salt,  used  until  the  epithelium  detaches  it- 
self in  shreds  (Schweigger-Seidel),J  is  an  excellent  means  of  isolation. 

The  cells  of  the  outermost  layer  form  a  mosaic-work,  the  divisions  of 
which  are  marked  off  by  brilliant  lines  (cell-borders,  black-colored  cement 
when  treated  with  nitrate  of  silver).  Each  polygonal  cell  possesses  a  beau- 
tiful, sharply-defined,  granular  nucleus  (fig.  357,  a). 

The  serrated  cells  seldom  occur  in  the  middle  layers  of  the  epithelium 
of  the  Frog.  Here  the  cells  appear  either  polyhedral,  with  smooth  angles 
and  surfaces,  or,  as  is  often  seen,  they  give  off  a  limited  number  of  longer 
or  shorter  pointed,  often  peculiarly-shaped  processes  (fig.  367,  b), 

^  On  the  Epithelimn  of  the  Ox.  Journal  of  Anat.  and  Phyt,^  by  Humphrey  and 
Turner,  vol.  ii.    Cambridge  and  London,  1868,  p.  862-864. 

f  *^  XJeber  das  vordere  Epithel  der  Cornea,'*  Oottinger  geUhrU  NaehrichJben^  1870, 
No.  8.     Beichert  nnd  Du  Bois  AreMv,  1870,  p.  232.  t  L*  o.,  p.  8S3. 
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In  this  case,  also,  the  innermost  layer  consists  of  elongated  cells.  The 
length  of  the  individual  cells  of  this  layer  varies.  Between  shorter  cells  of 
the  form  c  1,  fig.  357,  are  to  be  found  longer  ones  of  the  form  c  2,  fig.  357, 
and  owing  to  a  diminution  of  the  size  of  the  inner  end  of  the  cell,  we  often  meet 
with  cells  even  more  club-shaped  than  the  one  represented  in  c  3,  fig.  357. 

At  the  place  where  the  cells  come  in  contact  with  the  corneal  tissue  they 
present  a  highly  refractive  border  (fig.  357,  c  1,  2,  3),  which  reminds  of  the 
lateral  view  of  the  smooth  border  sometimes  seen  on  the  surface  of  certain 


Pig,  357, 


Fig.  357.  External  epithelium  of  the  oomea,  from  the  Frog,  a,  Cells  from  the 
outermofit,  b,  from  the  middle,  c,  from  the  innermoBt  layer. 

conical  epithelial  cells.  And  this  border,  which  may  also  be  called  basal 
border,  generally  appears  wider  than  the  rest  of  the  cell ;  this  is  always  the 
case  with  the  club-shaped  cells  of  the  innermost  layer.  The  widened  basal 
borders  of  the  cells  are  so  joined  together,  or  their  tapering  extremities  are 
so  applied  to  one  another,  that  all  the  borders  of  the  cells  seen  in  situ  pre- 
sent a  brilliant  line  running  on  the  margin  between  the  epithelium  and  the 
coimeal  tissue.  Henle*  ako  called  attention  to  this  line,  but  gave  another 
explanation  of  it. 

I  have  convinced  myself  also  that  in  Man  and  the  Mammalia  this  line  is 
caused  by  the  basal  borders  of  the  innermost  layer  of  cells. 

A  more  exact  knowledge  of  the  corneal  epithelium,  in  its  individual 
layers  and  in  the  normal  state,  is  all  the  more  necessarj',  since  this  epithe- 
lium plays  an  important  r6Ie  in  the  experiments  lately  instituted  on  the 
subject  of  the  regeneration  of  epithelium. 

*  L.  a,  p.  605,  and  fig.  459. 
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J.  Arnold,*  who  begun  these  ezperiments,  invested  them  with  a  speoial  aignifioa- 
tioiL  inannuch  as  he  held  that,  when  the  epithelium  had  been  artificiaUj  xemoved, 
the  defloiency  was  at  first  filled  with  a  blastema ;  this,  at  the  mai;|finB  of  the  defi- 
oienpy,  was  transfoimed  into  hyaline  protoplasm,  and  this  into  divisions  in  which  nu- 
clei were  developed  (that  is  to  say,  into  cells).  But  the  experiments  which  were  made 
on  the  external  corneal  epithelium,  by  Wadsworth  and  Eberth,f  F.  A.  Hoffmann,  ^ 
and  by  Heibeig,§  all  go  to  disprove  the  blastema  of  Arnold.  The  regeneration  takes 
place  by  means  of  new  cells,  which  are  formed  by  a  budding  and  division  of  the  mar- 
ginal epithelial  cells,  or  of  cells  at  the  edge  of  islands  of  epithelium  which  have 
been  left. 

F.  A.  Hoffmann  |  states  that  he  has  never  observed  the  cells  of  the  deepest  epithe- 
lial layer  to  be  furnished  with  processes.  This  would  put  this  layer  in  an  anomalous 
position  (compare  Cleland  IT  and  Krauae,  L  a,  p.  235).  Heibezg,**  however,  contra- 
dicts the  statement  of  Hoffmann.  But  even  Heiberg  lays  too  little  stress  upon  the 
peculiarities  of  the  undermost  layer  of  the  intact  corneal  epithelium.  That  tiie  cells 
of  the  middle  layer,  even  in  the  normal  condition,  have  processes,  we  have  seen 
above.  Heibeiigff  describes  slow  changes  in  form  in  the  buds  of  regenerating 
epithelial  cells.  The  putting  forth  and  withdrawal  of  knoblike  processes  had  been 
previously  observed  by  F.  A.  Hoffman,  |:|  in  cells  of  the  anterior  corneal  epithelium, 
in  the  vicinity  of  an  eschar,  caused  by  cauterization  with  the  nitrate  of  silver.  The 
regeneration  of  epithelium,  in  places  where  the  epithelium  had  been  removed  from 
the  central  portion  of  the  cornea,  by  soratohing  with  a  cataract  needle  (unfortu- 
nately the  sise  of  the  deficienoy  is  not  given),  was  completed  in  the  Frog  in  forty 
hours  or  longer,  generally  before  the  end  of  the  third  day,  in  Mammalia  and  Birds 
within  the  first  twenty-four  hours.  After  this  length  of  time  the  defect  was  found 
to  be  completely  repaired  (Heiberg).  §g 

Wandering  cells  are  to  be  found  among  the  anterior  corneal  epithelium, 
as  well  as  in  the  corneal  tissue;  also  between  these  two  tissues  wandering 
cells  have  been  observed  (epithelial,  subepithelial  wandering  cells,  v.  Reck- 
linghausen, 1 1  Engelmann).^^  A  participation  of  the  wandering  cells  in 
the  regeneration  of  lost  epithelium  is  denied  by  J.  Arnold,***  Wadsworth 
and  Eberth,ttt  F.  A.  Hoffmann,JJJ  and  Heiberg.  §§§ 

The  Nebves  of  the  Cobhea. 

They  enter  at  the  margin  of  the  oomea,  at  tolerably  regidar  intervals, 
and  in  the  form  of  trunks  of  various  size.  The  fact  of  the  entrance  of  me- 
dullated  nerve-fibres  into  the  cornea  was  long  ago  recognized  (Schlemm,|||||| 
Bochdalek  ).  ITU 

The  number  of  medullated  nerves  entering  the  cornea  is  different  in  differ- 
ent individuals  and  species.  In  Man  the  number  is  given  as  20-^  (Kol- 
liker),****  24-36  (Kblliker),tttt  and  40-45  (Samisch  ).JttJ  In  the  Rabbit 
20-30  have  been  counted,  in  the  Ox  and  the  Sheep  10-20,  in  the  Chicken  and 
the  Dove  12-18  (Kolliker),§§§§  in  the  Guinearpig  16-18  (Oohnheim),||  1 1 1  and 

•  Vhrchow's  AreMn,  Bd.  xlvi.,  p.  168.  \  Virchow's  Arthit,  Bd.  li.,  p.  361. 

tyirohow's  ArehM^  Bd.  11,  p.  878. 
Medkin,  JahrbiUher  der  QMOMhaft  der  AmsU  in  Wten,  1871,  p.  7. 
L.  a,  pw  888  and  889.        t  I*-  a,  p.  863.  *♦  L.  c,  p.  19.       ft  L.  -b.,  p.  13. 

Ueber  CkfntraatSitdtivorgdnge  im  wrderm  Epithd  de»  Pronihhomhawt,    Diss, 
inaog.  Berlin,  1861.  §§  L.  c,  p.  10.  11  Yirchow's  ArMv,  28.  Bd.,  p.  191. 

•ff  L.  c,  p.  15.  •**  L.  a,  p.  170.        ftt  I'-  c.  P-  370.        XA  I^-  «•,  P-  884. 

g^$§  L.  c,  pp.  18  and  20.  |||  Berliner  Bnoydopddie,  Bd.  iv.,  p.  22. 

*:^1  BeriM  uber  die  VentamnUung  der  Jfaturfareeker  in  Prog,  im  Jahar  1837. 
Piag,  1838,  p.  182. 
*^** Mikroekojpieehe  AnaUmie.  II.  Bd.,  p.  627. 
-  ttt  Oewebdehre,  Leipzig,  1867,  p.  650. 
:  m  BeUrdge  tur  normal  und  path,  AnatanUe  da  Atiaee. 
i§§§  ^ikr.  Anat,  IL  Bd.,  p.  627. 
Ill  Yirchowli  ArMv,  Bd.  38,  p.  854 
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in  the  Frng  15  on  an  average  (Kiihne  ).*  While  the  nerves  axe  distributed 
throughout  the  cornea,  they  form  a  plexus,  remarkable  for  its  manifold  an- 
astomoses, and  whose  finer  ramifications  push  toward  the  anterior  surfa^ce, 
where  they  construct  a  nervous  network,  immediately  under  the  anterior 
'^  structureless  lamellae,"  and  close  under  the  epithelium  (Kolliker).f  The 
nervous  plexuses,  formed  of  non-medullated  fibres,  exist  in  like  manner  in 
the  cornea  of  Man  and  of  the  most  diverse  animals  (HiB,|  J.  Arnold,  § 
S*amisch,||  Ciaccio,T  Kuhno),**  and  in  the  Frog  the  fine  extremities  of  the 
nerves  distributed  throughout  the  cornea  are  said  to  communicate  with  the 
corneal  corpuscles  (Kiihne). ff 

In  the  Mammalia,  twigs  of  the  external  portion  of  the  nervous  plexus  may 
be  followed  into  the  anterior  corneal  epithelium  (Hoyer).Jt  Cohnheim  §§ 
obtained  the  best  idea  of  the  distribution  and  terminations  of  the  corneal 
nerves,  since  in  his  researches  he  made  use  of  the  chloride  of  gold,  which  is 
wonderfully  adapted  for  this  purpose.  The  beautiful  i-esults  obtained  by 
him  have  been  for  the  most  part  confirmed  by  Kblliker  and  Engebnann. 

At  a  short  distance  from  the  corneal  margin  the  medullated  nerve-fibres 
suddenly  lose  their  medullary  sheaths.  The  point  at  which  this  takes  place 
is  by  no  means  constant ;  often  it  is  in  the  main  trunk  as  it  enters  the  cor- 
nea, often  in  its  branches  of  the  first,  second,  or  even  third  degree. 

The  nerves,  as  they  proceed  beyond  this  point,  consist  of  a  greater  or  less, 
generally  a  very  considerable  number  of  exceedingly  fine  non-medullated 
nerve-fibres,  lliese  bundles  of  non-medullated  fibres  enclose  isolated,  longi- 
tudinally oval  nuclei,  which  cannot,  however,  with  certainty  be  referred  to  a 
continuous  sheath.  The  individual  fibres  often  exhibit  very  plainly  a  vari- 
cose appearance.  These  numerous  fibres  must  obviously  take  their  origin 
from  a  division  or  an  unravelling  of  the  axis-cylinder  (Max  Schultze). 

These  fibres  as  they  penetrate  the  tissue  of  the  cornea  form  an  abundant 
network  by  manifold  ramifications,  by  anastomoses,  and  repeated  division  of 
the  fibiils  contained  in  the  bundles.  In  the  deeper  portions  of  the  cornea 
this  network  is  more  widely  meshed  and  composed  of  larger  nerves  {Big.  358), 
but  toward  the  external  surface  the  nerves  gradually  become  finer  and  the 
meshes  of  the  network  smaller  (fig.  358). 

The  plexus,  as  a  whole,  occupies  by  preference  the  external  two-thirds 
of  .the  thickness  of  the  cornea,  in  Mammalia.  In  the  portions  of  corneal 
tissue  adjacent  to  the  membrane  of  Descemet  are  to  be  found  only  a  few 
isolated  fibres,  which  branch  off  at  the  margin  of  the  cornea  from  the 
largest  nerves  of  the  most  internal  divisions  of  the  plexus,  and  run  back- 
wards. Kblliker  claims  to  have  followed,  in  the  Babbit's  cornea,  the  finest 
twigs  of  these  fibres  in  a  horizontal  course  along  the  membrane  of  Descemet 
and  at  only  a  short  distance  from  it. 

The  plexus  found  in  the  anterior  portion  of  the  cornea  may  be  divided 
into  several  parts.  As  the  larger  nerves  pass  in  an  oblique  course  from  the 
posterior  to  the  anterior  portions  of  the  cornea,  they  spread  out  in  fine 
ramifications,  which  generally  run  parallel  to  the  corneal  surface,  and  form 
a  regular  flat  plexus  at  a  short  distance  from  the  dividing  line  between  cor- 
neal tissue  and  epithelium  (just  beneath  the  anterior  limiting  layer).     From 

*  UnUrsfU/chungen  uber  das  Protopkuma.  eta,  Leipzig,  IBM,  p.  133. 

t  L.c.,p.  627. 

i  Beitrdge  mr  normal.  undpatK  Anatomie  der  Cornea,  p.  60. 

g  BindehatU  der  Ebmhaut.  |  L.  c. 

1  Qua/rterli/ Journal  of  Mieroacop.  Seienee,  1863,  July,  p.  177. 

♦•  L.  c.  tf  L.  o. 

ti  Beiohert  and  Da  Bole,  Arc7iiVf  1866,  p.  180.       g§  L.  a,  p.  343. 
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this  plexus  arise  fine  branches  (rami  perforantes)  which  take  a  perpendicu- 
lar or  somewhat 'inclined  course  toward  the  margin  between  corneal  tissue 
and  epithelium ;  arrived  at  a  point  just  beneath  the  external  epithelium, 
they  are  resolved  into  a  series  of  finer  twigs,  which  diverge  pencil-like 
(Guinea-pig)  (Cohnheim)  or  in  the  stellate  form,  thus  constructing  another 
exceedingly  delicate  flat  plexus,  the  subepithelial  plexus  (fig.  359).  From 
this  again  fine  twigs  push  forward  at  pretty  regular  intervals  between  the 

Fig.  858. 


Pig.  858.  Corneal  nerves  from  the  Pig:  the  cornea  has  been  treated  with  chloride 
of  gold,  and  the  section  made  perpendicular  to  the  surfaoe.  a  a,  Larger  nerves ;  b  b, 
plezns  beneath  the  anterior  limiting  layer  of  corneal  tissae;  e  e,  subepithelial  plexus; 
d  dd  ddf  terminal  twigs  ascending  through  the  epithelium. 

deeper  elongated  cells  and  the  more  superficial  .ound  cells  of  the  epithelium. 
During  this  course  they  preserve  a  direction  perpendicular  to  the  surface : 
only  when  they  have  reached  the  internal  layer  of  the  superficial,  flattened 
cells  they  send  off  in  all  directions  the  finest  terminal  twigs,  which,  after 
dividing  once  or  more,  terminate  often  somewhat  swollen  in  the  most  super- 
ficial layer  of  epithelium.  "When  viewed  from  the  surface  the  ends  of  these 
ascending  fibres  correspond  to  the  nodal  points  where  the  converging  termi- 
nal twigs  unite.  I  have  in  no  case  been  able  to  convince  myself  that  an 
anastomosis  existed  between  the  terminal  twigs  of  different  nodal  points. 
Strieker  recently  showed  me  in  the  cornea  of  the  Rabbit  a  fine  plexus,  first 
demonstrated  by  S.  H.  Chapman,  which  was  supposed  to  be  situated  on  the 
surface  of  the  external  epithelium. 

The  above  statements  are  for  the  most  part  based  upon  results  obtained 
from  the  cornea  of  the  Pig  and  the  Ox,  when  treated  with  the  chloride  of 
gold.  The  appearances  are,  however,  with  but  slight  exceptions,  the  same 
in  the  other  Mammalia  that  have  been  examined. 

The  cornea  of  the  Frog  may  likewise  be  used  for  making  beautiful  gold 
preparations  (fig.  360)  ;  and  it  has  also  this  advantage,  that  after  the  remo- 
val of  the  epithelium  it  may  be  placed  in  toto  under  the  microscope,  while 
the  thicker  come»  of  the  above-mentioned  animals  must  be  cut  into  meri- 
dional and  8ur£EU$e  sections  after  the  impregnation  with  gold  and  the  reduc- 
tion of  the  same. 
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The  nervous  distribution  of  the  Frog^s  cornea  has  been  followed  by  Kiilme,* 
and  even  more  thoroughly  by  Engelmann,  in  the  fresh  cornea  moistened 
with  humor  aqueus. 

Fig.  850. 


Fig.  859.  Portion  of  the  subepithelial  nervous  plexus,  from  the  Pig^s  cornea,  treated 
with  the  ohloride  of  gold. 

Nervous  trunks  (5-15  in  number,  or  even  more)  composed  of  meduUated 
fibres  cross  the  margin  of  the  cornea  at  6-8  points.  Besides  this,  medullated 
nerve  fibres,  isolated  or  in  pairs,  enter  the  cornea  at  various  other  points. 
The  greater  number  of  these  fibres  run  at  first  for  0.2-0.5  mm.  in  a  straight 
line  towards  the  centre  of  the  cornea ;  only  a  few  diverge  at  the  corneal 
m9,rgm,  forming  a  right  angle  with  the  main  trunk,  taking  a  course  at  first 
parallel  to  the  margin  and  afterwards  towards  the  centre. 

As  a  rule  the  nerves  lose  their  medullary  sheaths  at  a  short  distance  from 
the  corneal  margin  (0.3-0.5  mm.),  and  then  by  repeated  dichotomous  divi- 
sions form  an  abundant  widely-meshed  plexus,  which  lies  nearer  the  poste- 
rior than  the  anterior  surface  of  the  cornea.  Ileal  anastomoses  are  no  more 
demonstrable  in  this  plexus  than  in  that  of  the  Mammalia.  Sheaths  are 
indicated  on  the  medullated .  as  well  as  the  non-medullated  fibres  by  oval 
nuclei  which  follow  the  distribution  of  the  nerves.  These  nuclei  become 
more  infrequent  in  the  smaller  subdivisions  of  the  nerves,  and  finally  are  to 
be  found  only  in  the  nodal  points  of  the  plexus,  to  which  they  give  the 
appearance  of  being  somewhat  thickened.  Thus  we  may  have  an  appear- 
ance resembling  ganglion  cells,  such  as  is  likewise  seen  in  the  corneal  nerves 
of  Mammalia.  But  real  ganglion  cells  do  not  exist  in  the  nodal  points  of 
the  nervous  plexus  either  of  the  Frog  or  of  Mammalia. 

The  above-mentioned  plexus,  situated  as  it  is  almost  in  a  single  plane  of 
the  cornea,  gives  ofi*  at  many  points  brandies,  which  form  a  dense  lattice- 


*  Uhtersuchungen Hber  das  Protopkuma,  eta,  p.  183. 
t  L.  o.,  p.  15. 
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like  nervons  expansion  in  the  corneal  tissue  both  behind  and  in  front  of  (as 
far  as  the  edge  of  the  anterior  third)  the  coarser  plexus.  Also  in  this  lat- 
tice-work the  existence  of  real  anastomoses  is  doubtful ;  here  also  occasional 
nuclei  may  be  found,  situated  at  the  nodal  points  of  the  finest  bundles,  but 
no  true  ganglionic  enlargement.  The  finest  threads  are  gradually  lost  in  the 
corneal  tissue,  leaving  it  impossible  to  form  an  opinion  as  to  the  manner  of 
their  termination.  The  network  just  described  has  been  called  by  Engel- 
mann*  the  nervous  distribution  of  the  true  corneal  tissue,  in  contradistinc- 

Fig.  860. 


Fig.  360.    Portion  of  Frog's  comea  treated  with  chloride  of  gold,    nnnn^  nerves. 

tion  from  the  nerves  of  the  coiTieal  epithelium. f  These  latter  are  branches 
of  the  earlier-desciibed  larger  network,  and  ascend  abruptly  through  the 
corneal  tissue  toward  the  external  epithelium.  They  are  joined  by  occa- 
sional fine  non-medullated  fibres  which  pass  directly  forward  from  the  lateral 
margin  toward  the  epithelium  :  the  number  of  all  these  nerves  is  40-60  in  each 
comea.  At  the  boundary-line  between  corneal  tissue  and  external  epithe- 
lium these  nerves  give  off  a  varying  number  of  bi*anches,  which  i-un  in 
various  directions  parallel  to  the  sui*face  of  the  cornea,  and  finally,  some 
being  undivided  and  others  after  repeated  divisions,  pass  between  the  long 
cells  of  the  deepest  layer  of  epithelium :  thus  is  formed  at  this  point 
another  dense  plexus,  whose  terminal  twigs  ascend  between  the  cells  lying 
just  beneath  the  flat  cells  of  the  epithelium.  All  the  appearances  just  de- 
scribed may  be  most  beautifully  seen  in  successful  gold  preparations.  I 
have  never  observed"  the  terminal  fibrils  in  the  Frog  to  pass  through  the  flat 
cells  of  the  epithelium.  A  communication  of  the  above-described  corneal 
nerves  with  the  corneal  corpuscles  (Klihne)  does  not  exist  (Engelmann). 

I  have  always  in  vain  sought  in  otherwise  excellent  gold  preparations  for 
the  fine  straight  lines,  drawn  by  Lipmann|  between  the  finest  nerve  fibres 
of  the  comea  and  the  nucleoli  of  the  corneal  corpuscles,  as  well  as  for  the 
straight  lines  described  as  arising  from  the  nucleoli  of  the  endothelial  cells 
of  the  membrane  of  Descemet.  Judging  from  these  gold  preparations,  I 
must  on  the  contrary  hold  that  the  finest  nerve  fibres  of  the  corneal  tissue 


•  L.c.,p.  17.  tL.o-iP.  1». 

♦  Virchow's  Arehiv,  Bd.  38,  p.  318;  Taf.  vii.,  fig.  1-6. 
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are  always  seen  to  pass  by  the  corneal  corpuscles  and  their  processes,  and 
therefore  it  is  impossible  to  demonstrate  a  connection  between  the  corneal 
corpuscles  and  the  nerves. 

The  Margin  of  the  Cornea  (Corneal  Groove,  Limbus  Corner). 

The  margin  of  the  cornea  is  interesting  on  account  of  the  transitions  and 
connections  of  the  already-described  corneal  layers  at  that  point. 

The  external  epithelium  00,',^  fig.  361,  passes  over  without  interruption  into 
the  epithelium  of  the  conjunctiva.  We  often  find  the  external  epithelium 
with  the  anterior  limiting  layer  of  the  corneal  tissue  (lamina  elastica 
anterior)  very  improperly  designated  as  conjunctiva  comese  (in  KoUiker* 
for  example).  The  anterior  limiting  layer,  however,  neither  agrees 
in  structure  with  the  peculiar  tissue  of  the  conjunctiva  bulbi,  nor  is  fiiere 
any  continuity  of  fibres  between  the  two.  The  stroma  of  the  conjunctiva, 
kk^  fig.  361,  terminates  in  a  wedge-shaped  edge  between  the  epithelium  and 
the  corneal  tissue.     The  latter,  hh\  fig.  361,  is  continuous  with  the  sclerotic, 

Fig.  861. 


Fig.  861.  Corneal  margin,  from  a  meridional  section  of  the  Human  eye.  ool^  Exter- 
nal epithelium  of  the  cornea :  a'a',  epithelium  of  the  conjonctiva  bulbi ;  Wh\  oomeal 
tissue;  hb'h'b\  sclerotica;  kk^  conjunctiva;  «^',  canal  of  Schlemm;  ec ^  membnoe 
of  Desoemet ;  d,  process  of  the  iris ;  J*,  iris ;  e^  endothelium  of  the  membrane  of  Dei- 
cemet ;  eet!^  of  the  ligamentum  pectinatum  iridis;  tl'e'e'^  of  the  iris ;  /,  meshwaik  of 
the  space  of  Fontana ;  m,  musculns  ciliaris. 

and  in  Man  the  external  portions  of  the  sclera  project  further  toward  the 
centre  of  the  cornea  than  the  middle  and  internal  portions,  and  the  latter 
more  than  the  middle  portions ;  so  that  in  a  meridional  section  the  margin, 
where  the  transparent  cornea  is  separated  from  the  untransparent  sclera, 

•  EanOtmtik,  Leiprig,  1867,  p.  647. 
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describes  a  curved  line  (fig.  361).  It  is  very  difficult  to  arrive  at  a  clear 
understanding  of  the  relations  of  the  corneal  tissue  to  the  connective  tissue 
of  the  sclefotica. 

In  preparations  of  sections  both  kinds  of  fibres  are  apparently  continuous 
with  one  another  without  interruption,  and  in  preparations  made  by  tearing 
up  the  tissues  with  needles  the  appearances  are  similar.  But,  owing  to  the 
extraordinary  fineness  both  of  the  corneal  and  scleral  fibrils,  these  appear- 
ances are  not  worthy  of  too  much  trust.  Even  if  there  were  no  continuity 
between  the  two  kinds  of 'fibres  it  would  be  very  difficult  to  separate  them, 
and  to  obtain  a  view  of  their  natural  terminations. 

To  me  it  seems  probable  that  these  tissues  are  only  intimately  fitted  one 
into  the  other.  If  we  spread  apart  the  corneal  tissue  with  injection  by 
puncture,  as  above  described,  as  far  as  the  limbus,  and  extract  again  the 
injection,  we  shall  see  that  the  thin  laminae  of  the  sponge-like  corneal  tissue 
are  fitted  in  with  the  layers  of  the  compact  sclerotic  tissue. 

But  above  all,  the  chemical  differences  of  the  corneal  tissue  and  the  connec- 
tive tissue  render  a  direct  continuity  of  fibre  improbable.  Sections  of  the 
membranous  capsule  of  the  eyeball,  which  has  been  boiled  in  vinegar  or  dried, 
are  admirably  adapted  for  double  staining  with  carmine  and  picric  acid 
(Schwarz*),  and  in  such  preparations  we  may  see  that  the  cornea  is  stained 
yellow,  while  the  sclerotic,  like  all  connective  tissue,  is  stained  red ;  in  the 
cornea  the  corpuscles  alone  have  a  red  color. 

The  membrane  of  Descemet,  c(f^  fig.  361,  tapers  off  to  a  point  at  its  mar- 
gin c\  and  in  Man  this  takes  place  at  a  considerable  distance  from  the  angle 
of  the  anterior  chamber.  It  does  not,  however,  terminate  here  abruptly,  but 
is  in  connection  with  peculiar  fibres  (Henle),f  which,  arising  by  larger  or 
smaller  bases  from  the  membrane  of  Descemet,  take  at  first  an  irregular  and 
intricate  course  (Schwalbe),J  and  finally  form  an  annular  zone  at  the  margin 
of  the  membrane  of  Descemet  (Iwanoff  and  Rollett),§  bounded  externally 
from  the  very  beginning  by  the  tapering  end  of  the  latter.  The  processes 
of  the  iris,  fig.  361  rf  (Iwanoff  and  RoUett)]  are  continuous  (Schwalbe)T" 
with  this  marginal  ring  (Schwalbe)**  of  the  membrane  of  Descemet,  and  so 
also  the  most  anterior  trabeculss  of  the  network  of  the  space  of  Fontana, 
fig.  361/*,  in  short,  the  so-called  ligamentum  pectinatum  iridis  of  Hueck. 
The  same  relations  exist  in  the  Ox  and  the  Fig  as  in  Man.  in  the  Dog,  on 
the  contrary,  the  marginal  ring  of  the  membrane  of  Descemet  is  wanting, 
and  the  processes  of  the  iris  are  developed  directly  from  corneal  fibrous  off- 
shoots of  the  membrane  of  Descemet,  the  bases  of  which  describe  tortuous 
markings  (Schwalbe). ff 

The  endothelium  is  iminterruptedly  continuous  with  the  endothelium  of 
the  processes  of  the  iris,  also  with  that  of  the  most  anterior  trabeculse  of 
the  space  of  Fontsina,  eV,  and  thus  ultimately  with  that  of  the  anterior 
surface  of  the    iris,  c'V,  fig.  361  (Iwanoff  and  Rollett),JJ  (Schwalbe).§§ 

*  Siteung^erichte  der  Wiener  Akademie,  Bd.  55,  1.  Abth.,  p.  676. 

}L.  c,  pp.  607  and  626. 
ArehivfUr  TMkra&hopUche  Anatomie^  Bd.  6,  p.  278. 
§  ArMvfur  Ophth.,  Bd.  xv.,  1,  p.  49. 
I  L.  c,  p.  19,  36,  44.  ^  L.  c,   p.  276-280. 

•♦  L.  a  +t  L.  c,  p.  279. 


tJL.  a,  p.  89-48,  49.  §§  L.  c.,  p 
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VIII.     CONJUNCTIVA  AND  SCLEROTICA. 

For  the  preaent  treatise  I  was  in  possession  of  a  mannscript  by  8tieda.  This  had 
been  submitted  to  me  about  two  years  ago,  at  a  time,  therefore,  when  the  author  could 
not  have  been  informed  of  the  plan  accoiding  to  which  the  special  chapters  of  this  work 
were  to  be  treated.  I  ascertained  too  late  that  the  treatise  in  hand  was  much  too  limited 
for  our  purpose.  In  order,  therefore,  that  the  appearance  of  our  last  number  should 
not  be  still  further  delayed,  I  have  myself  undertaken  the  task  of  making  it  several 
times  longer  than  its  original  dimensions.  In  this  work  I  have  been  for  the  most  part 
only  a  compilator. 

The  illustrations  are  taken  from  preparations  by  E.  Klein ;  and  for  the  rest,  beGodes 
the  manuscript  of  Stieda,  I  have  made  use  of  a  manuscript  prepared  for  this  purpose 
by  E.  Klein,  the  text-books  of  Henle,  Kolliker,  Leydig,  the  monograph  by  Bnlcke,  and 
the  essays  of  Schmid  and  Helfreich.  From  the  four  last-named  authors  I  hare 
quoted  literally  with  the  use  of  quotation-marks.  Only  with  reference  to  the  nerves 
have  I  instituted  some  original  work,  and  that  by  the  hands  of  a  pupil :  this  work,  as 
the  reader  will  find,  was  almost  without  result. — S.  Stricker. 

We  may  distinguish  two  divisions  of  the  superior  and  inferior  eyelid. 
The  one  nearer  the  edge  of  the  lid  is  supported  by  a  firm  plate,  the  tarsus, 
while  the  other  division,  nearer  the  bony  edge  of  the  orbit,  is  devoid  of  any 
such  support.  Henle  calls  the  one  "  tarssd  portion,"  the  other,  *'  orbital 
portion  "  of  the  eyelid. 

Each  of  these  lids  is  composed  of  an  external  layer  of  skin,  an  internal 
layer  of  mucous  membrane,  and  a  middle  layer,  in  which  are  situated  the 
muscular  fibres  of  the  orbiculus  palpebrarum,  and  the  tarsus. 

The  external  layer  of  skin  is  a  prolongation  of  the  integument  of  the  face, 
which  at  the  free  edge  of  the  lid  is  continuous  with  the  layer  of  mucous 
membrane.  This  latter  lines  the  internal  surface  of  the  lid  as  far  as  the 
bony  edge  of  the  orbit,  where  it  is  reflected  upon  the  eyeball,  upon  the  an- 
terior surface  of  which  it  may  be  followed  up  to  the  margin  of  the  cornea. 

As  long  as  the  mucous  membrane  is  applied  to  the  lids  it  is  called  con- 
junctiva palpebrarum  ;  the  place  where  it  is  reflected  upon  the  globe  is  de- 
signated as  fornix  conjunctivaa,  and  finally  the  portion  which  covers  the  eye- 
ball is  called  conjunctiva  bulbi.  At  the  inner  angle  of  the  eye  the  con- 
junctiva forms  a  fold,  the  plica  semilunaris,  which  is  regarded  as  the  rudi- 
ment of  a  third  eyelid  or  nictitating  membrane.  Heinrich  MuUer  found 
smooth  muscular  fibres  in  this  fold,  and  these  also  are  regarded  as  rudiments 
of  a  nictitating  muscle. 

Leydig*  found  that  the  hard  plate  in  the  nictitating  membrane  of 
domestic  animals  consisted  of  true  cartilage,  and  Harrison  made  the  same 
observation  with  regard  to  this  membrane  in  the  Elephant. 

In  the  Batrachia  the  nictitating  membrane  is  peculiar  both  in  structure 
and  its  optical  relations.  In  the  (fresh)  living  state  it  is  so  transparent 
that  when  spread  out  in  aqueous  humor  or  blood  serum  immediately  after 
excision  it  may  be  examined  with  the  highest  powers.  Especially  if  we  cut 
off  the  thick  margins  there  remains  a  perfectly  even  piece,  peculiarly  fitted 
for  examination  with  the  highest  powers. 

In  such  preparations  one  may  have  the  opportunity  of  examining  in  the 
fresh  state  epithelium,  connective  tissue,  blood-vessels,  nerves,  and  glandu- 
lar structure.     Above  all,  the  fresh  blood-vessels  are  here  exhibited  with  an 

*  Lehrbtieh  d&r  Hutoiogie,  1867. 
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elegance  such  as  no  known  organ  of  the  adult  animal  presents  after  its 
separation  from  the  living  body.  Moreover,  the  opportunity  is  here  offered 
of  examining  in  detail  the  simple  flask-shaped  glands,  with  their  excretory 
ducts,  passing  through  the  external  epithelium.  Finally,  the  meduUated 
nerve-fibres,  isolated  or  united  in  bundles,  may  be  observed  in  a  state  at 
least  not  far  removed  from  that  of  life. 

Strieker  several  years  ago  noticed  spontaneous  contractions  in  tiie  capil- 
lary blood-vessels  of  such  nictitating  membranes.  But  this  observation  has 
not  as  yet  been  confirmed. 

The  integument  both  of  the  upper  and  under  lid  of  Man  is  thinner  than 
the  integument  of  the  face,  and  is  freely  movable  upon  the  subjacent 
tissues.  The  epidermis  consists  of  only  a  thin  layer  of  homy  epithelium, 
and  a  rete  Malpighii  composed  of  sevei-al  layers  of  polyhedral  cells.  The 
corium  contains  papillae  enclosing  vascular  loops,  which  in  the  new-bom 
Child  are  but  small  and  irregular,  while  in  the  Adult  they  are  distinct  and 
well  developed.  The  corium  consists  of  loose  fibrillar  connective  tissue,  in 
whose  anterior  layers  many  branching  cells  are  present,  and  is  deficient  in 
elastic  fibres. 


Fig.  862. 


Fig.  ^'2.  Perpendicular  Bectiou  through  the  lid  of  a  new-bom  Child.  fHartnack, 
Oc.  8,  Ob.  2.)  a,  Epithelium  of  the  free  maig^  of  the  lid  ;  6,  epithelium  of  the  oonj 
palpebrarum ;  c,  epidermis  of  integument  of  lid  :  d,  portio  Riolani  ;  e,  cilia ;  /,  cutis 
g^  muse,  sphincter  orbic.  ;  h^  Meibomian  gland ;  i^  conjunctival  tissue  between  Meibo 
mian  gland  and  epithelium  ;  A;,  excretoiy  duct  of  Meibomian  gland  ;  l^  hair -follicle 
m,  sebaceous  follicle  ;  n,  sweat-gland. 


The  subcutaneous  tissue  consists  of  a  superficial  dense,  and  a  deeper,  less 
dense  layer  of  fibrous  tissue.  The  deeper  layers  contain  but  few  fat-cells  in 
the  vicinity  of  the  margin  of  the  orbit. 

The  external  integument  continues  to  a  point  not  far  fix>in  the  middle  of 
the  margin  of  the  lid,  which  is  about  2  mm.  in  breadth  :  at  this  point,  how- 
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Fig.  863. 


ever,  the  rete  Malpighii  is  more  extensive  and  the  papillsB  of  the  corium  ai^e 
more  numerous  and  more  extensive  than  on  the  anterior  surface  of  the  lid. 
The  integument  of  the  eyelids  possesses  hairs  and  glands. 
The  hairs  are  larger  in  the  new-bom  Infant  than  in  the  Adult,  in  whom 
they  are  scarce  and  very  small.  The  hair-follicles,  and  their  accompanying 
sebaceous  follicles,  take  root  in  the  superficial  denser  layer  of  the  subcutane- 
ous tissue. 

The  eyelashes  are  small  and  curved,  and  are  inserted  into  the  integu- 
ment of  the  margin  of  the  lid  in  two  to  four  rows.  Their  circidar  muscular 
layer  is  very  strongly  developed,  especially  in  the  deeper  portion  of  the  hair- 
follicle.  A  sebaceous  follicle  always  opens  into  the  neck  of  the  hair-follicle. 
According  to  researches  by  Moll,  the  length  of  life  of  the  cilia  is  about 
100  days.  Owing,  therefore,  to  a  rapid  change  of  hairs,  we  generally  find  at 
the  margin  of  the  lid  hairs  in  several  stages  of  development. 

Besides  the  change  of  hairs,  which 
proceeds  in  the  \isual  manner  as  already 
described  in  this  work,  a  formation  of 
new  hairs  also  takes  place  independently 
of  already  existing  hair-follicles,  by  di- 
rect involution  of  the  rete  MalpighiL 

The  sweat  glands  of  the  integument 
of  the  lids  are  small,  roundish  bodies, 
which  consist  of  a  tube  convoluted  so  as 
to  form  a  coil :  a  short  excretory  duct 
ascends  in  a  pretty  direct  coui-se  from 
the  coil,  and,  perforating  the  epidermis, 
opens  upon  the  surface.  Since  the  layer 
of  epidermis  is  very  thin,  the  spiral 
course  of  the  duct  is  here  scarcely  to  be 
remarked. 

In  the  inferior  portion  of  the  skin  of 
the  lid  the  sweat-glands  are  of  a  very 
peculiar  form.  Each  gland  presents  the 
appearance  of  a  cylindrical  canal,  which 
commences  as  a  blind  tube  and  takes  a 
slightly  tortuous  course.  While  the 
other  glands  stand  perpendicular  to  the 
siirface  of  the  skin,  and  therefore,  owing 
to  the  thinness  of  the  skin  at  this  point, 
must  be  exceedingly  small,  the  glands 
just  mentioned  of  the  inferior  jwrtion 
are  considei-ably  larger.  They  take  a 
course  parallel  to  the  suiface  of  the  skin, 
and  their  blind  extremities  are  situate 
far  above,  between  the  anterior  and  mid- 
dle lamellw  of  the  lid,  while  the  ducts 
open  at  a  short  distance  from  the  margin 
of  the  lid. 

Transverse  sections  of  these  glandular 
tubes  display  a  circular  lumen  possessing 
an  envelope  of  connective  tissue,  some- 
times with  longitudinal  muscular  fibres,  and  lined  with  a  layer  of  cells. 
These  cells  are  a  continuation  of  the  rete  Malpighii ;  somewhat  deeper  they 
are  replaced  by  cylindrical  cells,  which,  in  the  new-bom  Infant,  reach  to  the 


Fig.  363.  Longitadinal  section 
through  the  root  of  an  eyelash  of  the 
new-bom  Infant.  (Hartnack,  Oc.  3, 
Obj.  7. )  a.  Papilla  of  the  hair ;  b, 
longitudinid  fibrous  envelope  of  the 
hair-follicle;  c,  striated  muscular  fi- 
bres ;  d,  vitreous  membrane  of  the 
hair- follicle  ;  d,  cells  of  the  external 
sheath  of  the  root ;  /,  layer  of  cells 
covering  the  vitreous  membrane  of 
the  papilla ;  g^  circular  muscular  en- 
velope of  the  hair-follicle. 
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"bottom  of  the  follicle,  but  which  in  the  Adult,  both  in  the  deepest  and  the 
less  dense  layers  of  the  subcutaneous  tissue,  give  place  to  cubic  cells :  these 
cells  sometimes  contain  a  yello\\'i8h-brown  pigment.  In  the  vicinity  of  its 
mouth  the  canal  diminishes  somewhat  in  calibre,  and  opens  with  a  funnel- 
shaped  orifice,  generally  into  the  follicle  of  an  eyelash,  but  occasionally 
separately.  The  cellular  lining  of  the  canal  is  gradually  continuous  with 
the  cells  of  the  epidennis.  This  variety  of  sweat-gland  was  first  minutely 
described  by  Moll.* 

The  connective-tissue  bundles  of  the  deeper,  looser  portion  of  the  subcu- 
taneous tissue  form,  by  interweaving  with  the  connective-tissue  trabeculie  of 
the  analogous  portion  of  the  submucous  tissue,  a  network  lying  near  the 
middle  of  the  eyelid,  in  the  intei-stices  of  which  are  embedded  the  fasciculi 
of  the  musculus  sphincter  orbicularis,  which  runs  parallel  to  the  edge  of  the 
lid.  These  fasciculi  are  arranged  one  above  the  other,  and  extend  from  the 
orbital  edge  to  the  free  margin  of  the  lid,  so  that  the  last  fasciculi,  the 
uppermost  one  of  the  inferior  lid  and  the  lowest  one  of  the  superior  lid,  are 
situated  between  the  roots  of  the  most  anterior  cilia  and  the  skin  of  the 
anterior  surface  of  the  lid. 

A  few  fibres  branch  off  from  these  last  bundles,  some  of  which  })ass  be- 
tween the  cilia  and  some  toward  the  anterior  edge  of  the  lid. 

Besides  this  muscle,  there  is  also  the  so-called  musculus  ciliaiis  Kiolani. 
This  almost  always  consists  of  two  portions,  both  of  which  run  parallel  to, 
and  near  the  edge  of  the  lid.  The  larger  portion  of  it,  in  fact  a  large  mus- 
cle, lies  between  the  most  posterior  cilia  and  the  orifices  of  the  Meibomian 
glands,  while  the  smaller  portion,  consisting  of  3-5  smaller  fasciculi,  is  em- 
bedded close  to  the  posterior  edge  of  the  lid,  between  the  mucosa  of  the 
conjunctiva  and  the  neck  of  the  ducts  of  the  Meibomian  glands. 

The  network  traversed  by  the  bundles  of  these  two  portions,  and  in  whose 
interstices  each  striated  muscular  fibre  lies,  is  in  the  new-bom  Infant  a  very 
delicate  plexus  of  branching  nucleated  cells. 

The  Meibomian  glands  number  30-40  in  the  upper  and  20-30  in  the 
tinder  lid.  They  are  embedded  in  a  dense  mass  situated  between  the  middle 
and  posterior  layers  of  the  lid ;  this  mass  may  be  separated  by  dissection 
from  the  other  portions  of  the  lid,  and  is  generally  called  the  tarsus,  or  the 
tarsal  cartilage.  In  sections  it  is  plain  that  the  so-called  tarsus  is  continuous 
with  the  connective-tissue  substratum  of  the  middle  and  posterior  layers  of 
the  lid,  and  is  distinguishable  from  the  surrounding  tissues  only  by  the  pe- 
culiar arrangement  and  appearance  of  its  elements.  The  tissue  of  the  tarsus 
consists  of  more  or  less  regularly  arranged  connective-tissue  bundles,  whose 
fibres  are  broader,  more  brilliant,  and  more  resistant  to  reagents  than  the 
ordinary  fibrillar  connective  tissue.  In  the  immediate  vicinity  of  the 
glands  the  bundles  run  horizontally  from  before  backwards,  and  at  the  same 
time  encircle  the  individual  acini  in  larger  or  smaller  curves,  weaving  about 
them,  as  it  were :  here  and  there  a  few  fibres  run  diagonally,  crossing  one 
another.  In  the  neighborhood  of  the  muscular  layer  on  the  one  hand  and 
the  conjunctiva  on  the  other  hand,  the  bundles  take  an  entirely  opposite 
course ;  they  run,  in  fact,  parallel  to  the  surface  of  the  lid,  in  a  direction 
from  above  directly  downwards  throughout  the  superficial  extent  of  the 
lid.  Between  the  fibres,  or  attached  to  certain  of  them,  lie  scattered  not 
very  numerous  elongated  nuclei,  with  pointed  ends.  Cartilage  cells  have 
not  as  yet  been  found  here.  The  transition  of  the  tarsal  connective  tissue 
into  the  connective  tissue  of  the  adjacent  layers  takes  place  gradually,  the 

*  Bydragen  tot  de  not.  der  oagleden^  TJtrecht,  1857, 
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Fig.  864. 


ordinary  fibrillar  connectiye  tissue  being  replaced  by  the  stiff  fibres  of  the 
tarsus. 

The  Meibomian  glands  are  arranged  in  rows  parallel  to  the  surface,  and  in 
such  a  way  that  their  ducts  open  on  the  free  margin  near  the  posterior  rim 
of  the  lid,  whOe  their  distal  extremities  reach  almost  to  the  dividing  line 
between-  the  conjunctiva  palpebrse  and  the  fornix  conjunct! vad.  Each  Meibo- 
mian gland  consists  of  a  relatively  wide  excretory  duct,  on  all  sides  of  which 
are  arranged  short,  knob-like,  distended  acini.  The  duct  is  narrowest  in  the 
A  icinity  of  the  funnel-shaped  orifice— the  neck  of  the  duct — and  towards 
[  the  bottom  of  the  gland  displays  manifold  dilatations,  or  acini.  Each  aciniLS 
is  a  globular  or  egg-shaped  structure,  which  seems  filled  with  cells  even  tip 
to  its  outlet.  There  are  many  places  in  a  gland  where  two  or  three  small 
adjacent  acini  do  not  empty  independently  into  the  main  duct,  but  join 
to  form  one  common  outlet,  which  opens  into  the  main  duct.  In  these  cases 
the  main  duct  seems  to  be  considerably  enlarged. 

The  epithelium  of  the  main  duct  is  a  laminated  pavement  epithelium,  and 
in  the  more  superficial  portions  of  the  gland  consists  of  one  or  two  rows  of 
flattened  cells  with  oblong  nuclei ;  then  follows  a  single  row,  or  two  rows  of 
polyhedral  cells  with  roundish  nuclei,  and  finally,  lying  directly  upon  the 
membrana  propria,  there  is  a  layer  of  obliquely-placed  cylindrical  or  cuImc 
cellular  structures,  which  in  the  fresh  state  are  granular,  and  may  be  deeply 
stained  by  carmine  or  the  chloride  of  gold. 

The  deepest  epithelial  layer,  consist- 
ing of  cubic  or  cylindrical  cells,  and  the 
most  superficial  layer  of  flattened  cells, 
are  prolonged  into  the  outlets   of  the 
individual  acini      In  each  acinus  we 
distinguish  a  membrana  propria,  which 
is  sometimes   structureless,  and   some- 
times provided  with  a  network  of  flat, 
branching  structures  (as  seen  in  prepa- 
rations  treated   with   the    chloride   of 
gold).     The  membrana  propria  is  cov- 
ered with  a  layer  of  granidar,  cubic,  or 
short  cylindrical  cells,  which  are  easily 
and  deeply  tinged  with  coloring  fluids, 
and  contain  roundish  nuclei.     This  cel- 
lular layer  is  seen  to  be  a  direct  con- 
tinuation of  the  deepest  layer  of  epithe- 
lial cells  of  the  excretory  duct.    The 
interior   of  the   acinus   is  filled  with 
sharply-defined  cells,  whose   edges  are 
flattened,  and  which  increase  in  size  to- 
wards the  centre  of  the  acinus ;  in  tbe 
fresh  state  these  cells  appear  to  be  equs- 
Fig.364.  Longitudinal  section  through  %  ^^ed  with  a  highly-i:efractive  sub- 
a  portion  of  the  Meibomian  gland,  from  stance    (fat).      In   preparations   which 
the  new-bom  Infant.    (Hartnack.  Oc.  3,  have  been  treated  with  absolute  alcohol 

P^^iL^lf^^  fjl^^r  "^  ^51^  *i  ^^J  ^^  clo^e  oil,  and  mounted  in  damar 

c,  laminated  epithehum  of  the  duct ;  <f ,  .  v  i  '  ^  .  i  j ^a^— 

layer  of  cubic  epithelial  cells  Uning  the  ^^rnish,  each  one  of  these  structuiw 
membrana  propria ;  «,  fatty  epithelial  displays  a  sharply-defined  nucleus,  and 
cells  of  the  acini.  in  some  cases  aJso  an  exceedingly  de^- 

cate  network  in  its  interior. 
In  the  vicinity  of  the  fornix  conjunctivae,  and  in  that  portion  of  the  sab- 
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mucous  tissue  which  has  been  designated  as  the  tarsus,  thei'e  are  also  situa- 
ted some  very  tortuous  glandular  tubes,  whose  function  is  probably  that  of 
secreting  mucus. 

The  tube  itself  is  lined  by  a  membrana  propria  upon  which  lies,  as  a  rule, 
but  a  single  row  of  granular,  cylindrical  cells :  sometimes  two  rows  of  small 
pavement  epithelial  cells  are  to  be  found.     The  short  excretory  duct  of  the 

Fig.  865. 


Fig.  365.  Section  through  that  portion  of  ^the  tarsus  in  which  the  tubular  glands 
are  situated.  (Hartnack,  Oc.  3,  Obj.  8.)  Prepared  with  the  chloride  of  gold,  a,  cel- 
lular network  of  the  tarsus ;  b,  tubular  glands ;  c,  epithelium  of  the  gland. 

gland  exhibits  the  same  structure,  and  perforates  obliquely  the  mucous 
membrane  of  the  conjunctiva  to  open  into  the  conjunctival  sac. 

These  glands  probably  correspond  to  the  racemose  mucous  glands  described 
by  Krause  and  Sappey  as  existing  at  the  point  of  transition  from  conjunctiva 
palpebrarum  to  the  fornix. 

The  posterior  layer  of  the  eyelid,  the  conjunctiva,  in  the  fresh  state 
appears  slightly  red  in  color,  and  velvet-like  in  texture :  it  is  not  everywhere 
equally  thick,  but  increases  gradually  in  thickness  in  passing  from  the  margin 
of  the  lid,  and  becomes  thinner  again  at  the  point  of  reflection  upon  the  eye- 
ball. The  conjunctiva  is  not  smooth,  but  is  traversed  in  every  direction  by 
groove-like  depressions.  These  sometimes  deep,  sometimes  shallow  furrows 
and  grooves,  which  traverse  the  tissue  of  the  conjunctiva  in  a  straight  or 
oblique  course,  cross  each  other  and  divide  in  such  a  way  as  to  form  num- 
bers of  irregularly-shaped  islands,  which  have  been  described  by  the  authors 
as  papillsB  or  papUliform  elevations.  These  furrows,  however,  do  not  eveiy- 
where  form  a  continuous  network,  but  appear  to  be  completely  isolated  from 
one  another  in  the  form  of  groove-  or  gutter-like  depressions.  Near  the  edge 
of  the  lid  these  furrows  are  numerous  but  shallow ;  further  above  they  be- 
come deeper,  and  at  the  palpebral  fold  they  pass  over  without  any  well- 
deflned  limit  into  the  depressions  between  the  longitudinal  folds,  which  give 
to  this  portion  of  the  conjunctiva  its  wrinkled  appearance. 
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But  besidee  this,  true  papillse  also  exist  in  the  conj  uncti va.  In  the  new-bom 
Infant  vascular  papillee  are  only  to  be  found  in  the  vicinity  of  the  fornix 
conjunctivae,  but  with  the  adult  the  case  is  diffei-ent.  Here  small  isolated 
papillse  are  to  be  found,  even  at  a  short  distance  from  the  margin  of  the  lid, 
and  these  increase  in  height  and  breadth  as  we  approach  the  fornix.  Where 
the  conjunctiva  of  the  lid  possesses  no  papillae,  a  dense  plexus  of  uncommonly 
large  capillaries  lies  spread  out  just  under  the  epithelium,  but  at  those 
points  where  papillae  are  to  be  found,  a  single  loop  for  each  pi4)illa  arises 
from  the  superficial  capillary  plexus. 

The  epithelium  of  the  conjunctiva  is  laminated ;  it  is  most  fully  developed 
on  the  i>osterior  half  of  the  free  border  of  the  lid ;  from  the  posterior  edge 
of  the  lid  it  suddenly  diminishes  in  thickness,  so  that  the  epithelium  of  the 
posterior  surface  of  the  eyelid  consists  of  a  single  superficial  layer  of  very 
flat  cells,  each  of  which  contains  one  flattened  oblong  nucleus,  then  two  or 
three  middle  layers  of  polyhedral,  and  a  bottom  layer  of  cylindrical  cells. 

The  very  thin  and  delicate  conjunctival  mucous  membrane  of  the  lid  con- 
sists of  a  basis  substance  of  loose  connective  tissue,  in  which  but  a  few 
elastic  fibres  may  be  found.  The  mucous  membrane,  however,  is  exceedingly 
rich  in  anastomising  cells,  which  form  a  beautiful  network  beneath  the 
epithelium. 

I  borrow  the  following  statements  with  regard  to  the  lymph  follicles  of 
the  conjunctiva  from  a  treatise  on  this  subject  recently  issued  by  Schmid.* 
Bruch,  in  an  appendix  to  a  description  of  Peyer's  patches  in  the  small  in- 
testine, first  mentioned  similar  structures  on  the  conjunctiva  of  the  inferior 
eyelid  of  the  Ox.  He  described  them  as  closed,  macroscopically  visible  fol- 
licles, the  pulpa  of  which  was  traversed  by  a  capillary  plexus  of  blood-ves- 
sels. These  follicles  were  called  the  aggregate  glands  of  Bruch.  Stromeyer 
described  closed  follicles  in  the  conjunctiva  of  domestic  and  wild  animals. 
The  follicles  are  said  to  be  most  abundant  at  the  internal  angle  of  the  eye, 
and  situated  under  the  membrana  nictitaDS,  but  particularly  well  devel- 
oped on  the  upper  lid.  He  describes  them  as  pathological  formations, 
owing  to  the  irregularity  and  inconstancy  of  their  appearance,  and  owing 
to  the  roughness  and  morbid  appearances  produced  by  them,  as,  for  ex- 
ample, the  injection  which  is  prolonged  even  to  the  vessels  of  the  bulbus. 
Henle  designated  them  as  ti*achoma  glands.  W.  Krause  found  lymph  folli- 
cles also  in  the  Babbit,  the  Fox,  and  in  Birds.  He  first  made  mention  of 
their  constant  occurrence,  and  held  them  to  be  physiological  formations. 

Kleinschmidt  found  such  follicles  in  the  conjunctiva  of  Man  and  the 
domestic  animals.  Huguenin  (under  Frey^s  leadership)  expi^ssed  a  similar 
opinion.  He  found  the  meshes  of  the  network  of  connective  tissue  at  the 
periphery  of  the  follicle  to  be  narrower  and  more  irregular,  and  the  trabec- 
ulsB  thicker ;  at  the  centre,  on  the  other  hand,  the  meshes  were  lai^r,  and 
the  trabeculse  thinner.  Ilie  tissue  lying  between  the  follicles  was  inter- 
spersed with  lymph  cells.  In  this  tissue,  lymphatics  make  their  appearance 
in  the  form  of  long,  oval  spaces,  without  a  trace  of  v&ssel-walL  Injection 
of  the  vessels  brought  to  view  an  abundant  system  of  ramifications  in  the 
interfollicular  substance ;  the  follicles  are  surrounded  by  arterial  vessels, 
but  the  envelopes  of  the  follicles  are  poor  in  blood-vessels. 

Blumberg  (under  the  guidance  of  Stieda)  states  that  in  the  Pig  the 
mucous  membrane  of  the  conjunctiva,  with  the  exception  of  the  tarsal  por- 
tion, consists  of  adenoid  tissue  and  possesses  trachoma  follicles ;  these  were, 

*  LymphfoUikd  der  Bindehaut  dss  Auges.  BraumtLUer,  Wien,  1870.  In  this  vol- 
ume may  also  be  found  a  review  of  the  literature  on  this  subject. 
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however,  absent  in  young  Pigs.  In  the  Dog,  the  basis  substance  of  the 
mucous  membrane,  as  veil  as  that  of  .the  conjunctival  cul-de-sac,  was  said  to 
consist  of  adenoid  tissue;  in  the  tarsal  conjunctiva  the  reticular  tissue 
contained  but  a  small  number  of  lymph  cells.  In  the  mucous  membrane  of 
the  membrana  nictitans,  even  on  its  external  surface,  the  trachoma  follicles 
were  found  to  be  numerous,  while  on  the  tarsus  the  trachoma  folli- 
cles occittred  only  occasionally  in  large  numbers :  in  the  retrotarsa]  fold 
the  follicles  were  to  be  found  with  a  gradual  transition  of  the  surrounding 
adenoid  tissue  into  that  of  the  follicle  :  in  the  conjunctiva  bulbi  the  tracho- 
ma follicles  were  often  to  be  found.  In  the  newly-born  Dog  neither  ade- 
noid tissue  nor  trachoma  follicles  were  to  be  found.  The  case  was  the 
same  with  the  Babbit,  the  Horse,  and  the  Ox ;  but  in  the  Cat  the  basis  sub- 
stance is  said  to  consist  of  fibrillar  connective  tissue,  and  to  contain  no 
trachoma  follicles.  Finally,  also  Wolfring,  like  Stromeyer  and  Blumberg, 
considers  the  lymph  follicles  of  the  conjunctiva  to  be  pathological  forma- 
tions. 

Schmid  now  made  his  researches  on  Dogs,  Pigs,  Sheep,  and  Children  at 
various  ages,  beginning  with  the  first  week  of  life ;  also  on  Cats,  Rats,  and 
Otters  in  the  adult  state.  He  found  that  in  the  animals  just  mentioned 
the  follicles  were  generally  found  at  the  inner  angle  of  the  eye,  and  at  the 
angle  of  reflection  of  the  conjunctiva  of  the  third  eyelid  upon  the  globe. 
In  order  to  render  the  follicles  plainly  visible  to  the  naked  eye  he  macerated 
the  preparation  in  a  half  per  cent,  solution  of  hydrochloric  acid. 

He  was  unable  to  find  any  follicles  in  animals  less  than  a  week  old.  The 
tissue  of  the  conjunctiva  palpebrarum  and  of  the  retro  tarsal  fold  is  a  diffuse 
adenoid  tissue:  the  conjunctiva  bulbi  partakes  of  this  form  only  very 
slightly,  namely,  at  the  angle  of  reflection  upon  the  tarsus. 

In  the  second  week  of  life  a  richer  distribution  of  vessels  and  a  more 
abundant  collection  of  cells  is  to  be  met  with  at  certain  points.  Bundles 
ef  connective  tissue,  of  peculiar  arrangement,  with  large  blood-vessels,  sur- 
round these  places,  whose  external  form  is  rendered  more  conspicuous  by 
an  indentation  of  the  epithelial  surface  or  of  the  submucous  tissue.  The 
follicle  is  formed  at  the  end  of  the  third  week. 

The  structural  conditions  described  by  Schmid  show  that  we  here,  in 
fact,  have  to  do  with  formations  similar  in  every  respect  to  the  lymph  fol- 
licles. 

It  remains,  therefore,  only  to  mention  what  is  said  concerning  the  lym- 
phatics. Schmid  made  use  of  the  injection  by  simple  puncture  with  the 
hand  syringe.  The  immediate  vicinity  of  the  limbus  is  recommended  as 
the  place  best  fitted  for  this  procedure. 

In  the  entire  conjunctiva  he  found,  as  Teichmann  had  already  demon- 
strated with  regard  to  the  limbus  conjunctivae  of  Man,  a  superficial  and 
a  deeper  plexus  of  lymphatics,  which  communicate  with  one  another  by 
manifold  anastomoses.  The  lymphatics  of  the  limbus  are  connected  with 
those  of  the  rest  of  the  conjunctiva  only  by  scanty  anastomoses.  The 
superficial  plexus  is  distinguished  by  smaller  and  finer  channels,  which 
have  a  very  regular  boundary.  We  may  often  see  given  off  from  them 
short  lateral  processes,  which  are  sometimes  more  pointed  and  sometimes 
relatively  broader,  and  which  terminate  in  blind  extremities.  The  more 
deeply  situated  lymphatics  are  on  the  contrary  broader,  with  more  uneven 
boundary,  and  often  present  the  characteristic  valvular  arrangement.  In  gen- 
eral it  may  be  stated  that  the  limbus  conjunctivae  presents  a  veiy  finely- 
meshed  plexus,  that  the  anastomoses,  especially  of  the  superficial  layer  of 
the  bulbar  conjunctiva,  are  more  infrequent,  while,  on  the  other  hand,  the 
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retrotarsal  fold  as  well  as  the  lids  present  agam  more  dense  and  more  abun- 
dant anastomoses. 

The  conjunctiva  is  reflected  from  the  lid  upon  the  anterior  snr£Eu;e  of  the 
bulbus  as  a  thin  membrane  attached  by  very  loose  tissue  to  its  surround- 
ings, and  thus  forms  that  division  of  the  conjunctiva  wliich  is  known  as  for- 
nix conjunctivae.  The  epithelium  which  covers  this  portion  of  the  conjunc- 
tival sac  differs  in  many  respects  from  the  epithelium  of  the  tarsal  conjunc- 
tiva. It  consists  of  2-i  layers :  the  topmost  cells  are  conical  or  cylindrical, 
while  the  following  layers  are  composed  of  polyhedral  or  small  roundish 
cells.  The  mucous  membrane  possesses  no  well-marked  papilla,  and  differs 
but  little  from  that  of  the  lid  ;  it  is  rich  in  elastic  fibres,  also  in  ramifying 
cells,  and  superficial  plexuses  of  wide  capillaries. 

Concerning  the  conjunctiva  bulbi  we  have  only  to  mention  that  it  is  cov- 
ered by  a  laminated  pavement  epithelium,  which  consists  of  the  same  layers 
as  the  epithelium  of  the  fi*ee  margin  of  the  lid ;  the  surface  of  the  mucous 
membrane  is  not  smooth,  but  exliibits  isolated,  well-developed  papillse,  which 
diminish  in  size  and  number  toward  the  cornea,  and  in  its  immediate  vicin- 
ity disappear  altogether.  The  epithelium  also  decreases  in  thickness  toward 
the  corneal  margin,  reaching  at  that  point  its  minimum  of  thickness. 

The  epithelium  of  the  cornea  is  a  direct  continuation  of  the  epithelium  of 
the  conjunctiva  bulbi,  but  the  following  points  of  difference  may  be  noticed 

between  the  two.  The  cells  in  the  deep- 
est and  middle  layers  of  the  corneal  epi- 
thelium are  more  sharply  defined,  and 
at  the  same  time  more  transparent  than 
those  of  the  conjimctiva  bulbL  In 
ma  I)*'  animals  dark  pigment  granules 
are  to  be  found  in  the  vicinity  of  the 
corneal  margin  within  the  nuclei,  and 
within  the  cell  bodies  of  the  epithelium 
of  the  above-mentioned  layers  of  the 
conjunctiva  bulbi. 

Concerning  the  nerves  of  the  con- 
junctiva, the  views  held  at  the  present 
time  will  be  found  in  the  following  ex- 
tract from  a  work  by  Helfreich.* 

"  We  are  indebted  to  W.  Krausef  for 
the  first  communication  on  the  details  of 
the  distribution  of  the  conjunctival 
nerves.  According  to  his  description, 
the  nerves  supplying  the  conjunctiva 
pass  gradually  into  the  superior  layer 
of  the  propria  after  manifold  interweav- 
ing and  interchange  of  fibres,  and  finally 
end  in  terminal  organs  called  by  him 
terminal  corpuscles  :  in  these  he  distin- 
guishes a  nucleated  envelope  of  connec- 
tive tissue,  and  an  inner  corpuscle  of 
finely  granular  substance  of  low  refrac- 
tive power,  in  the  middle  of  which  lies 
a  pale  terminal  fibre  with  a  somewhat 
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Fig.  368.  «,  Epithelium  of  the  con- 
junctiva of  the  margin  of  the  eyelid ; 
ft,  epithelinm  of  the  conjunctiva  bul- 
bi ;  c,  epltheliom  of  the  conjunctiva 
palpebraram;  d,  epithelium  of  the 
fornix  conj.  From  perpendicular  sec- 
tions of  preparations,  treated  with 
the  chloride  of  gold.  (Hartnack,  Oc. 
8,  Obj.  8.) 


club-shaped  extremity.     Krause,  however,  was  successful  in  finding  this 


♦  Wilrzbnig,  1869. 


f  Ueber  termindU  Karperchen,  1860l 
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terminal  apparatus  in  bnt  few  animals  besides  Man,  namely,  in  the  Horse, 
the  Ox,  the  Sheep,  and  the  Pig ;  and  even  in  these  animals  their  number  was 
relatively  small,  and  their  distribution  in  a  great  degree  unequal  and  irreg- 
ular. He  states  that  sometimes  one  may  search  over  considerable  ground 
without  finding  a  single  one  of  these  terminal  corptiscles,  while  in  other 
places  a  dense  collection  of  them  may  be  found  in  connection  with  the 
radial  distribution  of  but  few  fibres.  He  did  not  attempt  to  count  them, 
owing  to  the  peculiar  difficulties  in  so  doing,  but  after  making  an  estimate 
gives  it  as  his  opinion  that  the  number  of  terminal  corpuscles  in  the  con- 
junctiva is  probably  uniform  in  the  various  animals,  as  for  instance  in 
Man ;  and  also  that  a  strikingly  less  number  of  nervous  terminal  appara- 
tuses are  to  be  found  in  the  conjunctiva  than  in  the  skin  of  the  last  phalanx  of 
the  finger.  The  form  of  the  terminal  corpuscle  in  Man,  as  in  different  ani- 
mals, is  various.  In  Man,  as  in  the  Ape,  they  ai*e  roundish,  almost  globular ; 
in  other  animals  they  have  in  general  a  lengthened  oval,  or  distinctly  cylin- 
drical contour ;  at  the  same  time  they  are  either  straight  or  slightly  curved. 
In  regard  to  their  size,  Krause  says  that  it  is  generally  in  direct  proportion 
to  the  size  of  the  animal,  increasing  with  the  size  of  the  body,  while  in  very 
young  animals  they  have  the  same  character  as  in  the  adult,  but  a  somewhat 
less  extent.  With  respect  to  their  minuter  structure,  the  envelope  of  the 
corpuscle  is  said  to  consist  of  delicate  connective  tissue,  which  is  continuous 
with  the  neurilemma  of  the  corresponding  double-contoui'ed  nerve-fibre,  and 
in  which  are  to  be  found  many  nuclei,  generally  elongated  in  form.  The 
inner  corpuscle,  the  largest  portion  of  the  entire  organ,  is  of  finely  granular 
character,  and  in  its  substance  ia  embedded  the  terminal  fibre  which  represents 
the  end  of  the  double-contoured  fibre.  The  terminal  fibre  generally  ends  be- 
fore reaching  the  anterior  limit  of  the  inner  corpuscle  in  a  slight  knob-like 
enlargement.  In  the  inner  substance  of  the  terminal  corpuscles  of  Man 
there  are  generally  to  be  found  a  number  of  terminal  fibres,  Vhich  take  a 
somewhat  tortuous  course,  and  which,  in  most  cases,  arise  from  a  single 
nerve  fibre. 

The  statement  of  Krause,  founded  upon  these  researches,  that  these  ter- 
minal corpuscles  constituted  the  only  method  of  termination  of  the  conjunc- 
tival nerves,  has  been  vigorously  contested  by  J.  Arnold.*  The  latter,  in 
the  first  place,  declared  that  the  terminal  corpuscles  of  Krause  are  not  ori- 
ginal formations  but  artificial  products,  and  ascribed  their  existence  to  the 
method  employed  by  Krause  ;  he  also  described  a  pale  plexus  of  nerve-fibres 
situated  in  the  superficial  layers  as  the  true  terminations  of  the  conjunctival 
nerves.  Krause  could  not  see  this  plexus  by  reason  of  his  method,  which 
consisted  in  a  maceration  of  the  preparation  in  vinegar  or  Liquor  potassee, 
since  the  first  reagent  destroyed  the  superficial  layer  of  the  mucous  mem- 
brane, while  the  second  rendered  all  the  tissues  so  transparent  that  the  pale 
fibres  could  not  be  recognized.  According  to  Arnold,  the  terminal  corpus- 
cles of  Krause  owe  their  existence  to  a  laceration  of  the  double-contoured 
nerve-fibres,  followed  by  an  extravasation  of  myelin  and  a  rolling  up  of  the 
torn  fibre ;  this  laceration  is  caused  partly  by  manipulation,  and  partly  by 
the  reagents  employed  by  Krause.  The  extravasated  myelin  and  the  curled 
up  fibre  simulate  the  inner  corpuscle ;  the  neurilemma  of  the  torn  fibre  ap- 
pears to  be  the  connective-tissue  investment  of  the  corpuscle,  while  the  ter- 
minal fibre  is  represented  by  the  surviving  axis-cylinder.  In  every  case  the 
peripheric  prolongation  of  the  fibre  could  be  found,  and  so  also,  though  per- 
haps with  some  difficulty,  extremities  and  fragments  of  the  nerve  sheath,  at 
the  peripheiy  of  the  so-called  terminal  corpuscle. 

♦  yirchow*B  ArMo^  Bd.  xxvi. 
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The  objections  of  Arnold  have  found  opponents  in  Liidden  and  Frey,  who 
regard  the  existence  of  the  terminal  corpuscles  as  well  established. 

Helfreich  now  gives  the  following  details  as  the  result  of  his  own  re- 
searches:— 

The  points  of  entrance  of  the  nerves  destined  for  the  conjunctiva  are  at 
the  inner  and  outer  angles  of  the  eye ;  from  these  points  the  individual 
twigs  branch  off  from  the  principal  trunks  in  a  more  or  less  curved  course. 
It  is,  however,  the  trunk  which  enters  the  conjunctiva  at  the  inner  commis* 
sure,  which  contains  the  greatest  number  of  fibres,  and  which  consequently 
is  more  vohiminous,  and  gives  off  by  far  the  greater  number  of  branches. 
This  method  of  distribution  was  confirmed  in  all  the  preparations  which 
were  examined,  and  minor  deviations,  such  as  for  instance  a  more  supero- 
internal  entrance  of  the  median  trunk,  were  only  occasionally  to  be  observed. 
By  means  of  a  rapid  division  and  ramification  of  the  principal  trunks  there 
is  formed,  especially  at  the  inner  angle  of  the  eye,  a  dense  and  delicate 
plexus,  which,  by  an  interchange  of  a  few  of  its  smaller  fibres,  communicates 
with  the  plexus  of  the  opposite  side.  The  greater  part  of  the  branches 
forming  this  plexus  pass  toward  the  anterior  half  of  the  conjunctival  sac, 
namely,  toward  its  tarsal  portion,  while  the  fornix  contains  only  a  few  small 
twigs,  and  not  more  than  a  third  or  a  fourth  part  of  the  nerve  fibres  are 
distributed  to  the  visceral  portion  of  the  conjunctiva.  As  has  already  been 
remarked,  the  number  of  nerves  entering  the  conjunctiva  at  the  inner  com- 
missure is  far  larger  than  at  the  outer  commissure,  and  this  preponderance 
prevails  also  in  the  further  distribution  of  the  nerves,  notwithstanding  the 
large  quantity  of  fibres  here  given  off  to  the  membrana  nictitans ;  for  the 
nerves  coming  from  the  inner  commissure  pass  beyond  the  sagittal  or  middle 
line  of  the  conjunctival  expansion,  so  that  only  the  smaller  lateral  portion 
of  the  conjunctival  sac  is  supplied  by  nerves  coming  from  the  outer  com- 
missure. In 'regard  now  to  another  relation,  namely,  that  of  the  under  to 
the  upper  lid,  in  respect  to  the  distribution  of  nerve  fibres  in  each,  this 
differs  more  or  less,  according  to  the  special  anatomical  conditions  of  the 
animal  in  question.  For  instsmce,  in  the  Frog,  where  the  membrana  nicti- 
tans, by  reason  of  its  peculiar  arrangement  and  extent,  not  only  takes  the 
])lace  of  the  under  Hd,  but  also  performs  most  of  the  functions  which  in 
other  animals  fall  to  the  upper  lid,  the  nervous  supply  of  the  latter  is  con- 
siderably less  abundant  than  that  of'  the  membrana  nictitans.  A  somewhat 
modified  arrangement  is  found  again  in  Birds,  where  indeed  the  nictitating 
menibi*ane  exists  as  an  integral  portion  of  the  conjunctival  sac,  but  the 
under  lid  exceeds  the  upper  lid  in  anatomical  extent  and  in  physiological 
importance.  In  the  higher  animals,  on  the  contrary,  in  Mammalia  and  also 
in  Man,  the  conditions  are  the  opposite  of  those  in  the  Frog,  and  a  more 
abundant  nervous  supply  is  given  to  the  upper  than  to  the  under  lid.  Ac- 
cording to  their  origin,  the  internal  or  medial  nerve-trunk  is  to  be  considered 
as  one  of  the  terminal  branches  of  the  nervus  infra-trochlearis,  and  the 
lateral  trunk  as  a  branch  of  the  nervus  lachrymalis ;  and  these  two  arise 
from  the  first  division  of  the  nervus  trigeminus. 

After  forining  the  coarse  plexus  in  the  subconjunctival  and  deeper  layers 
of  the  conjunctival  tissue,  the  nerves  pass  gradually  forwards,  subdividing 
as  they  advance  until  the  remaining  twigs  contain  but  a  few  fibres ;  the 
branches  which  are  meanwhile  given  off  never  communicate  in  such  a  way 
as  to  form  anything  like  a  plexus.  The  arrangement  of  the  last  nervous 
subdivisions,  which  consist  still  of  (2-3)  double-contoured  fibres,  is  in  some 
animals,  for  instance  in  the  Frog,  so  regular  that  it  is  worthy  of  a  more 
minute  description  at  this  place.     After  these  twigs  have  ascended  to  a 
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plane  immediately  beneath  the  last  layer  of  the  capillary  plexus,  another 
subdivision  takes  place,  by  which  the  diverging,  stiU  double-contoured  fibres 
generally  pass  off  in  a  course  nearly  at  right  angles  to  the  axis  of  the  twig  ; 
in  this  direction  they  may  be  followed  for  some  distance,  taking  a  perfectly 
straight  or  slightly  wavy  course.  Thus  a  system  of  more  or  less  parallel 
double-contoured  nerve  fibres  is  formed  just  beneath  the  capillary  plexus. 
The  arrangement  and  distribution  of  these  ultimate  fasciculi  of  double- 
contoured  fibres  is  much  less  regular  in  other  animals,  and  no  further  de- 
scription of  them  is  necessary  than  to  say,  that  they  ascend  gradually  in  an 
oblique  or  perpendicular  course  beyond  the  blood-vessels  to  a  point,  where 
at  the  last  subdivision  the  dark  fibres  are  transformed  into  non-medullated 
fibres.  An  exception  to  this  gradually  ascending  course  is  made  by  certain 
fibres,  as  was  observed  by  Helfreich  in  various  animals,  in  a  considerable 
number  of  perpendicular  sections,  although  not  in  surface  sections.  In  these 
cases  a  single  fibre  arises  from  a  trunk,  consisting  of  a  considerable  number 
of  double-contoured  fibres,  and  situated  in  the  midst  of  the  basis-substance 
of  the  conjunctiva ;  this  fibre  loses  at  once  its  medullary  sheath,  and,  passing 
abruptly  upwards,  enters  at  right  angles  the  subepithelial  plexus  of  pale 
nerve  fibres,  in  which  it  may  be  traced  for  some  distance.  These  appear- 
ances may  be  readily  seen  in  perpendicular  sections,  which  are  made  a  little 
obliquely. 

It  is  important  also  to  mention  those  pale  fibrils  which  enter  the  conjunc- 
tival tissue  in  the  same  plane  with  the  coarse  vascular  and  nervous  trunks, 
and  which  are  distinguished  by  their  very  tortuous  course,  and  by  their  long 
continuance  in  a  course  once  chosen ;  in  consequence  of  this  they  pass  very 
slowly  forward,  and,  entering  the  common  subepithelial  nervous  expansion, 
are  lost  to  any  further  separate  observation.  In  their  course  these  fibres 
often  come  in  contact  with  the  large  vascular  trunks,  and  form  manifold 
loops  about  and  around  them ;  they  also  follow  for  considerable  distances 
the  course  of  the  vessels  themselves,  and  since  these  relations  can  only  be 
observed  in  rather  thick  sections,  it  is  often  impossible  to  follow  them  for  any 
great  distance.  Helfreich  nevertheless  succeeded  in  a  large  number  of  pre- 
parations in  following  the  fibres  up  toward  the  epithelium,  and  in  seeing 
them  join  the  plexus,  which  is  situated  just  beneath  the  epithelium.  Dur- 
ing their  extended  course  these  fibres  exhibit  numerous  varicosities  and 
many  collections  of  nuclei. 

As  already  stated,  the  last  subdivisions  of  nervous  twigs  are  composed  o£ 
two,  or  at  most  three,  double-contoured  fibres.  These  lose  their  medullary 
sheaths  at  the  point  of  their  final  subdivision,  probably  not  while  the  fibres 
are  still  united.  At  the  angle  of  separation  there  is  genei*ally  a  deposit  of 
nuclei,  and  also  a  slight  varicose  swelling,  from  which  the  pale  fibres  arise. 

The  coui-se  of  these  fibres  is  exceedingly  extensive,  and  a  single  fibre  may 
often  be  followed  through  several  fields.  Their  direction  is  an  essentially 
straight  one,  and  only  occasionally  we  may  remark  slight  tortuosities  or  a 
gradual  deviation  into  a  more  elevated  plane,  or  a  crossing  over  or  interla- 
cing with  a  capillary  loop.  The  number  of  these  non-medullated  fibrils  as 
they  ascend  through  the  capillary  plexus  becomes  veiy  great,  so  that  the 
sum  of  these  intracapillary  fibres  lying  just  beneath  the  epithelium  exceeds 
by  many  times  that  of  the  fibres  in  tiie  original  trunks,  as  they  enter  the 
conjunctiva.'  Naturally  the  number  of  fibrils  in  isolated  portions  of  the 
conjunctiva  is  very  various,  and  at  the  same  time  relatively  small,  so  that  a 
direct  counting  and  following  of  the  individual  elements  up  to  their  termi- 
nations may  readily  be  attempted. 

Since,  therefore,  the  individual  more  voluminous  fibrils  g^ve  of  branches 
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throughout  their  extended  course,  and  these  branches  in  turn  re|)eatedlj 
subdivide,  there  results  a  very  compact  plexus  of  coarser  and  finer  pale 
fibres,  which  gradually  makes  its  way  through  the  layer  of  capillary  vessels, 
and  arrives  at  a  plane  immediately  beneath  the  epithelium.  The  fine  fibrils 
situated  directly  under  the  epithelium  run  for  a  considerable  distance,  giv- 
ing off  at  acute  angles  infinitely  fine  branches,  and  finally  terminate  close 
under  the  plane  of  the  deepest  layer  of  cells.  These  appearances  may  be 
easily  observed  in  preparations  from  which  the  epithelium  has  been  removed, 
at  points  here  and  there  where  some  of  the  cells  have  remained.  The  above 
description  has  been  taken  from  such  preparations. 

Morano,*  under  the  direction  of  Strieker,  occupied  himself  for  several 
months  in  researches  concerning  the  terminal  nervous  apparatus  of  the  con- 
junctiva, but  with  very  meagre  results.  The  passage  of  the  nerve  fibres  be- 
tween the  epithelial  cells  could  sometimes  be  conjectured,  but  not  confirmed 
with  any  certainty.  Still  these  researches  have  rendered  it  not  unlikely 
that  more  fortunate  microscopists  may  be  successful  in  following  the  nerves 
into  the  epithelial  layer. 

T?i^  tunica  sclerotica  f  is  bounded  anteriorly  by  the  tunica  cornea,  while 
posteriorly  it  is  separated  by  a  constriction  from  its  prolongation,  the  fibronB 
sheath  of  the  optic  nerve.  At  the  point  where  the  optic  nerve  enters  the 
cavity  of  the  sclerotic,  the  connective  tissue  surrounding  the  individual  fasci- 
culi of  its  fibres  unites  with  the  tissue  of  the  sclerotic.  If  we  remove  the 
optic-nerve  fibres  by  maceration,  this  union  remains  in  the  form  of  a  thin 
lamina,  perforated  by  many  small  holes,  and  continuous  with  the  inner  sur- 
face of  the  sclerotica.  This  is  the  so-called  lamina  cribrosa.  Its  holes  co^ 
respond  to  the  individual  fasciculi  of  optic-nerve  fibres  which  pass  through 
it.  In  the  centre  we  may  distinguish  two  larger  holes,  situated  close  to- 
gether, through  which  pass  the  retinal  vessels. 

The  tunica  sclerotica  increases  gradually  in  density  and  uniformity  from 
without  inwards.  In  the  very  compact  tissue  of  its  smooth  internal  surface 
are  deposited,  especially  in  dark-eyed  individuals,  a  cei-tain  number  of  irregu- 
larly formed,  flat  pigment  cells,  with  knob-like  or  radiating  processes :  whea 
these  are  present  in  great  quantity  they  give  a  brownish  color  to  the  snrfacei 

The  arrangement  of  the  fibres  of  the  sclerotic  was  first  described  by  Val- 
entine.J  His  statements  were  confirmed  by  Briicke  only  so  far  as  that, 
in  general,  fibres  could  be  found  in  the  sclerotica  running  from  behind  fo^ 
wards,  and  also  circular  fibres  ;  these  fibres  interlace  with  one  another,  form- 
ing a  dense  mat-work  ;  also  the  fibres  of  the  tendons  of  the  recti  muscles 
after  they  have  reached  the  sclerotic  spread  out  in  fan-shaped  expansions,  and, 
uniting  with  the  mat-work  of  the  sclerotic,  materially  strengthen  its  anterior 
portion. 

The  connective-tissue  nature  of  the  fibres  of  the  sclerotic  has  been  already 
discussed  in  this  text-book  (see  page  73).  Cellular  elements,  similar  to  the 
corneal  corpuscles,  are  embedded  in  the  basis  substance.  If  we  touch  the  scle- 
rotic of  a  living  Rabbit  with  the  stick  of  nitrate  of  silver,  we  may  see  in  sur- 
face sections,  after  complete  reduction  of  the  silver,  the  delicate  markings 
of  the  serous  canals.  On  the  other  hand,  the  preparations  treated  with  the 
chloride  of  gold  furnish  the  positive  to  the  negative  pictures  of  the  silver 
preparations.  The  latter  appearances  I  have  indeed  seen  but  once,  in  a 
preparation  shown  me  by  Dr.  Carmalt,  of  New  York ;  bu»  in  this  case  they 

*  Centrcmatt.    April,  1871. 

!  Briicke,  Anat  Besehreibung  des  meMchL  Augapfdi,    Berlin,  1847. 
Bepertorium,  Bd.  i  Heft  iv. ,  p.  801. 
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weore  bo  sharply  delineated  that  there  could  be  no  doubt  as  to  their  existence. 
The  cells  lying  in  these  spaces  contain  pigment  granules  in  many  of  the 
Mammalia.* 

In  Birds  the  sclerotica  consists  of  hyaline  cartilage,  which  is  covered  ex- 
ternally and  internally  by  connective  tissue.  At  the  anterior  margin  of  the 
sclerotica,  and  sometimes  also  around  the  entrance  of  the  optic  nerve,  the 
Birds  have  a  bony  ring  made  up  of  separate  bony  scales. 

Also  in  Amphibia  and  Fishes  hyaline  cai'tilage  is  present  in  the  sclerotica^ 
Helfreich  f  in  his  treatise  on  the  nerves  of  the  sclerotica  has  also  given  some 
details  concerning  the  structure  of  the  Frog's  sclerotica,  which  are  as  follows: 

Closely  attached  to  the  external  surface  of  the  layer  of  fedntly  rose-colored 
cartilage,  containing  exceedingly  clear  and  beautifully  marked  cells,  lies  the 
layer  of  connective  tissue ;  this  layer  is  of  a  rather  dark  green  color,  and  is 
composed  of  very  compact  parallel  and  perpendicular  bundles  of  fibres ;  exter- 
nal to  it,  and  separated  by  well-defined  limits,  is  the  surrounding  investment 
of  loose  connective  tissue.  Both  the  layer  of  connective  tissue  and  of  carti- 
lage were  seen,  in  sections  running  the  whole  length  of  the  preparation,  to 
be  of  different  thickness  at  diflferent  points.  The  layer  of  cartilage  is  thick- 
est at  the  posterior  pole  of  the  eyeball,  growing  rapidly  thinner  as  it  passes 
forward,  and  terminating  with  a  rounded  margin  at  a  point  just  before 
reaching  the  insertion  of  the  recti  muscles :  the  layer  of  connective  tissue 
has  an  exactly  opposite  arrangement  with  regard  to  its  thickncRs  at  different 
points.  The  layer  of  cartilage  is  homogeneous  in  texture  throughout,  pre- 
senting nowhere  interruptions  or  intervals  for  the  passage  of  vessels  and 
nerves ;  on  the  other  hand,  in  the  stratum  of  connective  tissue  theno  ex- 
hibited themselves  with  the  same  beauty  and  elegance  as  in  the  surface  sec- 
tions. In  the  posterior  portions  of  the  longitudinal  sections  the  coarser 
trunks  and  double-contoured  fibres  could  be  seen ;  and  more  anteriorly,  as 
far  forward  as  the  termination  of  the  cartilage-layer,  and  farther,  the  fine, 
light  violet-colored  axis  cylindere  might  be  followed  for  some  distance  in 
their  straight  or  slightly  tortuous  course.  In  some  places  these  latter  dis- 
played slight  varicose  swellings ;  in  regard  to  their  course  it  was  to  be  re- 
marked, that  they  gradually  tended  toward  the  boundary-line  between  the 
cartilage  and  the  connective  tissue. 

The  larger  nerve  trunks,  everywhere  consisting  of  rather  loosely  united 
double-contoured  fibres,  after  repeated  division  as  they  pass  gradually  for- 
ward, exhibit  throughout  a  vei-y  distinct  continuity  with  the  long  axis  cyl- 
inders already  mentioned.  The  transition  from  one  to  the  other  takes  place 
in  such  a  way  that  a  trunk  consisting  of  two  double-contoured  fibres  loses  its 
medulla  at  the  point  of  separation  of  its  fibres.  This  sudden  breaking  off 
of  the  medullary  sheath  can  everywhere  be  satisfactorily  seen  by  varying 
the  focal  adjustment,  as  well  as  the  gradual  course  of  the  pale  fibrils  toward 
the  boundary-line  between  the  layer  of  connective  tissue  and  the  cartilage. 
By  continued  subdivision  the  axis  cylinders  undergo  a  rapid  increase  in 
numbers,  exactly  in  the  same  way  as  was  described  of  the  subepithelial 
plexus  of  the  conjunctiva.  These  fibres  become  finer  and  finer,  and  after  . 
an  extended  course  finally  teVminate,  as  fibrils  of  exceedingly  small  diameter, 
in  the  substance  of  the  fibrous  membiune,  not  far  from  the  layer  of  cartilage. 
In  their  coiurae  they  interweave  abundantly,  but  never  blend  together  in 
such  a  manner  as  to  form  a  true  plexus.  Their  extremities  are  distinguish- 
ed by  no  increase  in  diameter,  but  rather  by  a  decrease  in  it,  since  they 
simply  taper  off  to  a  point.     During  their  entire  course  they  are  seen  to  be 

•  Leydig,  La  i  h.  o. 
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very  often  in  contact  with  the  numerous  connective-tissue  corpuscles  of  the 
£bre-bundles,  although,  notwithstanding  the  most  careful  examination,  their 
extremities  were  never  found  actually  to  communicate  with  the  processes  of 
the  cells. 

In  the  Dove  and  the  Chicken  no  trace  of  nerves  could  be  found  which 
might  be  considered  as  analogous  to  the  nervous  distribution  described  in 
the  Frog.  Throughout  the  entire  circumference  of  the  sclerotica  nerve- 
trunks  passing  forwards  were  to  be  found  only  beginning  at  the  insertion  of 
the  recti  muscles ;  and  these,  owing  to  their  lack  of  subdivision,  as  well  as 
owing  to  their  entire  relations,  must  be  considered  simply  as  passing  trunks 
on  their  way  to  the  ciliary  muscle,  the  iris,  cornea,  etc.  The  same  results 
were  obtained  in  the  sclerotic  of  the  Mouse  and  the  Hat,  in  which  animals 
the  proper  preparation  of  specimens  was  very  much  hindered  by  the  very 
intimate  connection  existing  between  the  sclera  and  the  choroid.  Neverthe- 
less, here  also  the  anterior  expansion  of  the  ciliary  nerves  was  clearly 
demonstrable.  In  researches  on  the  sclerotic  of  the  Rabbit  a  young  albino 
was  always  selected,  and  here  also  the  relations  of  the  nerves  entering  the 
sclerotic  corresponded  perfectly  with  those  of  the  Frog's  sclerotic,  namely, 
a  primary  nervous  expansion  of  the  same  kind,  and  a  simple  division  of  the 
trunks,  which  then  abruptly  terminated.  The  ei^tire  picture  of  this  distri- 
bution was  however  so  typical,  and  so  conformable  with  the  conditions  above 
described  in  the  Frog,  that  no  room  for  doubt  was  left  that  these  were  the 
proper  nerves  of  the  sclerotica.  So  also  there  was  no  doubt  that  in  this 
animal  the  conjunctival  nerves  terminated  just  beneath  the  epithelium, 
although  they  were  stained  by  the  chloride  of  gold  only  as  far  as  the  larger 
axis  cylinder. 


IX.    THE  LACHRYMAL  GLAND. 

Bt  FRANZ  BOLL. 

1.  General  Plan  of  Structure, — ^Agreeing  in  all  essential  points  of  struc- 
ture with  the  salivary  glands  (see  chapter  xiv.),  the  lachrymal  glands  of  Man 
and  the  Mammalia  represent  glands  of  the  so-called  acinous  formation.  like 
the  salivary  gland,  the  lachrymal  gland  is  resolved  into  a  mass  of  polyhedral 
bodies  of  most  varied  shape,  although  generally  of  pretty  constant  size,  by 
means  of  a  highly  developed  system  of  septa  arising  from  the  capsule  of  the 
organ  ;  these  septa  penetrate  the  gland,  intersecting  each  other  frequently, 
and  are  seen  by  the  microscope  to  consist  of  a  loose,  fibrillar  connective 
tissue.  The  principal  portion  of  these  polyhedral  bodies,  which  we  shall 
designate  as  the  true  parenchyma  of  the  gland  in  a  strict  sense,  is  seen  in 
sections  to  consist  almost  entirely  of  alveoli  and  blood-vessels.  In  sections 
of  the  parenchyma  we  meet  only  occasionally  with  an  excretory  duct  and  its 
accompanying  blood-vessels  and  nerves.  The  trunks  of  all  these  latter  struc- 
tures entering  at  the  hilus  of  the  gland  run  constantly  together,  embedded 
in  the  loose  connective  tissue  of  the  septa,  whence  they  enter  the  parenchy- 
mal bodies  generally  at  a  right  angle,  being  accompanied  only  for  a  short 
distance  by  a  few  fibrils  of  connective  tissue.      With  the   exception  of 
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these  scanty  vestiges,  the  so-called  interstitial  or  fihnllar  connective  tissue 
is  not  present  in  the  bodies  of  the  parenchyma. 

2.  Tke  Alveoli, — The  forms  and  dimensions  of  these  structures,  which 
compose  the  true  secreting  parenchyma  of  the  gland,  are  subject  to  varia- 
tions within  narrow  limits.  They  are  sacs  in  which  we  differentiate  the 
contents,  the  secreting  epithelium,  and  the  investing  membrane  (membrana 
propria).  The  former  are  of  very  various  forms :  polyhedral  structures 
about  equal  in  size,  bordered  by  a  varying  number  of  surfaces,  which  joiu 
each  other  at  very  different  angles,  although  almost  always  with  sharp 
edges. 

Upon  the  surfaces  also  it  is  not  uncommon  to  iind  i*ather  sharp,  fine 
fuiTows.  None  of  the  different  diameters  of  the  epithelial  cells  aro  de- 
veloped at  the  expense  of  the  others,  so  that  they  are  always  of  an  irregular 
cubic  form.  The  spherical,  homogeneous  nucleus,  with  its  not  always  dis- 
tinct nucleolus,  always  occupies  an  eccentric  position,  namely,  at  the  ba.se  of 
the  epithelial  cell  near  the  membrana  propria.  At  this  point,  as  it  seems, 
a  rather  long  and  large  process,  brilliant  and  taking  an  intense  color  from 
carmine  (Heidenhain),  passes  off  from  the  cell ;  it  terminates  however  at 
some  distance  from  the  cell  without  foiming  any  further  connections.  Its 
length  may  be  nearly  equal  to  that  of  the  cell  itself.  Also  the  other  angles 
of  the  cell  are  not  unfrequently  lengthened  out  to  form  processes,  whose 
length,  however,  is  generally  considerably  under  that  of  the  basal  process. 
The  nucleus  also  often  exhibits  a  pointed  process,  which  however  can  never 
be  followed  beyond  the  limits  of  the  cell  itself,  and  which  is  always  situated 
in  the  direction  of,  or  even  within,  the  basal  process. 

As  was  first  shown  by  Henle  and  afterwards  pointed  out  by  Heidenhain, 
the  acinous  glands  are  divided  into  those  whose  secretion  contains  mucus, 
and  those  in  which  it  is  wanting.  These  characteristics  of  the  secretion 
are  accounted  for  by  the  histological  nature  of  the  secreting  parenchyma, 
and  more  especially  of  the  glandular  epithelium,  which  in  the  latter  always 
remain  protoplasmic,  while  in  the  former  the  protoplasma  of  the  cell  under- 
goes a  metamorphosis  into  mucus,  which  is  very  easily  seen  with  the 
microscope.  The  lachrymal  gland  of  Man  and  of  the  animals  examined 
(Sheep,  Ox,  Horse)  belong  to  the  latter  class.  Not  a,  single  cell  which  has 
undergone  a  mucous  degeneration  is  ever  to  be  found  in  its  parenchyma. 
We  may  therefore  conclude  with  certainty  that  the  secretion  of  the  lach- 
rymal gland  never  contains  mucin.  "^ 

According  to  the  researches  of  Heidenhain,  the  so-called  lunula,  first 
described  by  Giannuzzi,  presents  in  sections  a  generally  crescent-shaped 
collection  of  protoplasmic  cells,  which  are  perhaps  destined  to  replace  the 
glandular  cells  which  have  been  destroyed  by  the  mucous  metamorphosis. 
It  is  plain  that,  since  the  lunula  belongs  only  to  those  glands  where  a 
mucous  degeneration  of  the  secretory  elements  takes  place,  we  cannot 
expect  to  find  a  lunula  in  the  lachrymal  gland,  whose  cells,  like  the  epi- 
thelium of  the  submaxillary  gland  of  the  Rabbit,  always  retain  their  proto- 
plasmic character. 

The  alveoli  are  invested  by  a  fine  membrane,  the  so-called  membrana 
propria.  The  structure  of  this  membrane  is  very  characteristic.  It  is 
everywhere  composed  of  several  flat,  stellate  cells,  which  are  in  manifold 


*  The  only  aimlysia  of  the  Human  tears  found  in  literature  (Fierichs*  **  Thifinense- 
oretion  "  in  Wagner^s  Handmrterbuch  der  Physioiogiey  iii.,  1,  p.  618)  gives,  it  is  true,, 
a  small  quantity  of  mucus.  But  here  the  secretion  of  the  Meibomian  glands  was 
not  excluded. 
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communication  with  one  another  hj  means  of  their  often  very  abondantl  v 
developed  processes,  which  pass  around  the  alveolus  like  hoopa.  These 
finely  striated  processes,  proceeding  from  the  nucleated  centre  of  the  celLs, 
sometimes  narrower  and  sometimes  wider,  always  however  lying  flat  upon 
the  curved  surface  of  the  alveolus,  do  not  represent  a  wicker-like,  inter- 
rupted investment  of  the  alveolus,  but  rather  a  system  of  thickened  stripes 
and  ribs  in  a  membrane  completely  and  closely  surrounding  the  alveolus, 
and  formed  by  the  stellate  cells  in  a  way  which  it  is  doubtless  not  easy  to 
describe.  The  cells  with  their  processes,  in  their  relations  to  the  substance 
of  the  membrana  propria,  may  be  best  compai^ed  to  the  ribs  of  a  leaf,  or  to 
toes  between  which  a  web  is  stretched.  A  perfectly  sharp  dividing  line 
between  the  ribs  and  the  substance  of  the  membrane,  from  which  one  might' 
conclude  that  the  stellate  cells  were  separate  structures  from  the  membrane, 
does  not,  however,  exist.  Thete  exists  here  a  real  histological  unity ;  the 
thicker  longitudinally  striated  ribs  are  not  to  be  separated  from  the  basis 
substance  of  the  membrane,  but  are  gradually  and  insensibly  continuous 
with  it.  And  the  membrane  itself  generally  exhibits  a  gradually  &ding 
longitudinal  striation  on  either  side  of  the  ribs  and  running  parallel  to 
them. 

This  description  of  the  structure  of  the  membrana  propria  (of  the  cor- 
rectness of  which  one  may  easUy  convince  himself,  especiaUy  in  teased 
preparations  from  glands  treated  with  iodized  serum,  or  at  the  free  edges 
of  agitated  sections  from  glands  carefrilly  hardened  in  Miiller's  fluid)  gives 
the  most  satisfactory  reoonciliation  of  the  diverse  appearances  often  pre- 
sented in  the  same  preparation,  owing  to  a  greater  or  less  degree  of  macera- 
tion and  a  more  or  less  easy  dissolution  of  the  tissue.  Thus  we  may  obtain 
from  glands  macerated  in  iodized  serum  or  diluted  Muller's  fluid,  by 
tearing  up  tbe  specimen  with  needles,  appearances  which  appear  diametri- 
cally opposite  and  entirely  unreconcilable.  Sometimes  we  find  isolated 
alveoli  whose  epithelium  seems  to  be  shut  up  in  a  sac,  closed  on  all  aides, 
and  generally  with  rather  firmly  knit  homogeneous  walls;  sometimes  groups 
of  bare  epithelial  cells,  which  still  preserve  the  form  of  the  alveoli,  and  to 
which  are  attached  a  few  isolated  stellate  cells.  Again  we  may  see  floating 
in  the  fluid  the  forms  of  the  wicker-like  frames  of  the  alveoli,  composed 
simply  of  the  stellate  cells  with  their  processes,  and  in  the  hollow  of  which 
ai-e  generally  still  to  be  found  a  few  secretory  epithelial  cells.  In  company 
with  a  numberless  quantity  of  isolateci  glandular  cells  are  also  to  be  found 
the  isolated  cells  of  the  membrana  propria.  The  form  and  number  of  these 
are  subject  to  considerable  variation.  In  young  animals  (best  seen  in  the 
Calf)  they  are  larger,  the  central  portion  as  well  as  the  processes  being 
more  strongly  developed.  The  centre  of  the  cell  is  pi*otubarant,  and  at  the 
same  time  bulged  out  almost  like  a  vesicle,  so  that  the  cell  seen  in  profiJe 
often  presents  the  appearance  of  a  crescent,  which  in  sections  of  hardened 
glands  not  infrequently  siirrounds  an  alveolus.  If  the  fluid  under  the  glass 
cover  be  agitated,  we  may  often  observe  under  the  microscope  the  transition 
of  such  a  crescent  into  a  stellate  multipolar  cell.  In  young  animals  a 
small  quantity  of  granular  substance  lies  in  the  centre  of  ^e  cell  surround- 
ing the  usually  round  nucleus,  which  does  not  contain  a  distinct  nucleolus. 
In  older  animals  even  this  small  vestige  of  protoplasma  is  almost  entirely 
wanting.  The  substance  of  the  flat,  often  almost  band-like,  processes  is  pale 
and  at  the  same  time  finely  striated.  The  division  of  the  processes  takes  • 
place  dichotomously  at  a  more  or  less  acute  angle ;  not  infrequently  also  a 
large  process  may  be  seen  to  divide  at  once  into  several  branches. 

A  portion  of  the  processes  of  these  stellate  cells  penetrate,  as  may  also  be 
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seen  in  specimens  prepared  with  a  view  to  isolation,  even  between  the 
epithelial  cells  of  the  alveolus.  Pfluger,  who  first  paid  special  attention  to 
these  cells  in  the  salivary  glands,  affirms  that  a  real  continuity  exists  be- 
tween their  processes  and  the  processes  of  the  secretory  epithelium ;  that 
both  cell-forms  communicate  with  one  another  by  their  processes,  upon 
which  communication  with  true  epithelial  structures  is  founded  the  idea 
of  the  nervous  nature  of  the  stellate  cells.  Although  I  have  often  seen 
appearances  which  at  the  first  glance  seemed  to  indicate  a  material  conti- 
nuity between  these  two  forms  of  cells,  still  I  have  not  yet  been  able  satis- 
factorily to  convince  myself  that  any  communication  in  reality  existed. 

.  3.  Interstices  of  the  Alveoli. — ^While  the  internal  surface  of  the  mem- 
brana  propria  is  lined  by  the  epithelial  cells  of  the  alveolus,  the  external 
surfitce  remains  free,  and  senses  as  the  boundary  of  a  space  filled  during  life 
with  lymph  ;  this  space  in  each  parenchymal  body  of  the  gland  lies  every- 
where between  the  external  wall  of  the  capillaries  and  that  of  the  alveolus, 
and  may  be  demonstrated  by  the  most  varied  methods  (injection  by  punc- 
ture, artificial  cedema  of  the  gland)  (Ludwig). 

The  form  and  the  boundaries  of  this  hollow  space  in  the  secretory  paren- 
chyma of  the  gland  must  naturally  be  enormoulily  complicated.  In  sections 
of  isolated,  injected  parenchymal  bodies  (best  with  cold  solutions  of  Berlin 
blue)  each  separate  alveolus  appears  universally  and  regularly  surroimded 
by  a  colored  ring.  The  uncolored  alveoli  lie  each  in  a  colored  ground,  a 
picture  which  is  often  maintained  with  complete  regularity  over  a  sur- 
face of  40-50  alveoli.  If  at  the  same  time  the  blood-vessels  have 
been  colored  differently,  for  instance,  with  red,  the  irregular,  characteris- 
tically inconstant  distribution  of  the  vessels  colored  with  red  forms  a  very 
remarkable  contrast  with  the  universally  regular  arrangement  of  the  system 
of  canals  injected  with  blue.  In  a  thin  section  the  blood-vessels,  whether 
seen  longitudinally  and  as  red  tortuous  lines,  or  whether  cut  transversely 
and  appearing  simply  as  red  points,  are  always  surrounded  by  a  blue- 
colored  space,  the  same  space  which  also  surrounds  each  alveolus.  These 
appearances,  repeated  as  they  are  with  perfect  regularity  in  every  section, 
can  have  no  other  interpretation  than  that  an  exceedingly  rich,  uniform, 
and  connected  system  of  fissures  ramifying  throughout  the  entire  gland 
surrounds  all  the  alveoli  and  blood-vessels.  These  are  not  single  sheaths 
surrounding  the  alveoli  and  blood-vessels,  not  separate  perialveolar  or  peri- 
vascular spaces,  but  for  each  parenchymal  body  a  universal  and  very  com- 
plicated space,  separating  the  blood-vessels  from  the  alveoli  at  every  point, 
and  which  must  be  traversed  by  everything  which  the  blood  brings  to  the 
secretory  parenchyma  before  it  can  be  transformed  into  secretion. 

The  aJready  intricate  histological  and  topographical  relations  of  this  spaoe 
is  still  more  complicated  by  the  fact  that  a  very  abundant  system  of  broader 
and  narrower  fibres,  as  if  from  stellate  cells  between  the  alveoli,  is  spread 
out  in  the  space  lying  within  the  secretory  parenchyma.  This  system  of 
cells  with  their  processes,  lying  between  the  alveoli,  may  be  very  easily 
demonstrated  in  sections  of  hardened  glands.  It  stands  in  part  in  imme- 
diate connection  with  the  stellate  cells  forming  the  membrana  propria,  some 
of  the  processes  of  which  pass  over  to  the  adjacent  alveoli,  so  that  the  walls 
are  more  or  less  intimately  joined  together.  Not  infrequently  may  be 
found  cells,  situated  between  two  alveoli,  which  belong  as  much  to  the 
investing  membrane  of  the  one  as  to  that  of  the  other,  and  send  processes 
to  both.  Also  quite  free  cells  are  often  to  be  found  attached  only  very 
loosely  between  the  alveoli  by  means  of  their  processes.  It  is  noticeable 
that  these  interstitial  connective-tissue  cells  are  connected  only  with  the 


Digitized  by 


Google 


948-  THE  LAOHBTMAL  GLAND. 

external  wall  of  the  alveoli,  but  never  with  the  capillaries,  which  are 
entirely  destitute  of  an  adventitia  capillaris. 

Giannuzzi,  the  discoverer  of  this  system  of  fissures  traversing  the  secre- 
tory parenchyma,  considers  them  as  true  lymph-spaces,  that  is,  in  com- 
munication with  genuine  lymphatic  vessels,  and  capable  of  being  injected 
from  these ;  being  analogous  to  the  spaces  described  by  Ludwig  and  Tomsa 
as  surrounding  the  canaliculi  and  blood-vessels  of  the  testicle,  which  were 
in  fact  injected  through  the  lymphatic  vessel  of  the  spermatic  cord.  This 
demonstration,  it  is  true,  has  not  as  yet  succeeded  with  the  spaces  of  the 
parenchyma,  of  the  acinous  glands.  Numerous  attempts  have  failed,  owing 
to  the  delicacy  of  the  lymphatic  vessels  of  the  gland,  and  owing  to  the 
obstructions  presented  by  the  valves.  It  is  not  uncommon  to  find,  in 
preparations  injected  by  the  method  of  simple  puncture,  appearances  which 
make  it  at  least  very  probable  that  these  spaces  in  the  parenchymal  bodies 
are  in  direct  communication  with  real,  circular  lymphatic  vessels  running 
in  the  fissures  which  separate  the  individual  parenchymal  bodies.  As  yet, 
however,  the  relations  of  the  spaces  within  the  individual  parenchymal 
bodies  (here  histologically  sharply  limited  by  the  external  surface  of  the 
membrana  propria  and  the  capillary  blood-vessels)  to  the  coarser  trunks  of 
the  excretory  ducts  and  the  blood-vessels,  as  well  as  to  the  connective- 
tissue  septa,  are  not  sufficiently  well  defined. 

4.  The  JExcretory  Ducts. — The  lachrymal  ducts  are  lined  by  a  single 
layer  of  low,  cylindrical  epithelium.  In  the  interior  of  the  gland  the  ducts 
divide  up  quickly  into  numerous  branches,  which  are  likewise  lined  by  low, 
cylindrical  epithelium,  and  from  which  arise  those  passages  which  Ffluger 
called,  in  the  salivary  glands,  salivary  tubes,  and  which  may  be  best  desig- 
nated as  the  lachrymal  tubea  Their  lumen  is  generally  narrow  ;  they  are 
lined  by  a  characteristic  tall  cylindrical  epithelium,  whose  basal  end  always 
displays  a  distinct  fibrillation,  which  was  most  thoroughly  examined  by 
Pfliiger,  and  said  to  have  some  relation  to  the  regeneration  of  the  glandular 
tissue.  From  these  canals,  lined  with  tall  cylindrical  epithelium,  abundant- 
ly fibrillated  at  their  basal  ends,  and  which  seem  to  exist  in  all  similarly 
constructed  acinous  glands,  are  at  last  given  oif,  either  by  gradual  transi- 
tion or  more  abruptly,  rather  long  fine  tubes  not  much  larger  than  capil- 
laries. The  characteristic  peculiarity  of  these  tubes,  the  same  in  all  similar 
acinous  glands,  consists  in  the  fineness  and  dimensions  of  the  cells  forming 
these  simple  epithelial  tubes.  These  are  always  very  flat,  and  generally 
distinguished  by  the  possession  of  quite  voluminous  processes,  which  give 
to  the  cell  a  somewhat  fusiform  appearance.  They  lie  with  their  long  axes 
parallel  to  the  axis  of  the  epithelial  tube,  and  often  by  means  of  their 
processes  assume  an  imbricated  arrangement.  These  tubes  finally  connect 
with  the  alveoli  through  short  branches,  which  are  formed  generally  by  4-6 
epithelial  cells,  and  are  continued  into  the  interior  of  the  alveolus,  where 
fhej  are  almost  completely  surrounded  by  the  true  secretory  epithelium. 
These  cells  of  the  excretory  ducts,  situated  almost  in  the  centre  of  the 
alveolus,  and  penetrating  with  their  processes  between  the  secretory  epi- 
thelial cells,  are  designated  in  the  pancreas-  by  Langerhans  as  central  acinal 
cells. 

While  formerly  the  cavity  within  the  alveolus,  into  which  the  secretory 
epithelium  empties  its  secretion,  was  described  as  very  simple  in  form, 
researches  more  recent  and  aided  by  better  methods  of  injection  (Giannuzzi, 
Langerhans,  Ewald,  Saviotti)  show  that  the  simple  short  and  fine  excretory 
duct  of  the  alveolus  is  resolved  into  a  very  rich,  abundantly  branched 
and  anastomosing  plexus  of  minute  circular  canaliculi,  which  surround  and 
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enclose  in  their  meshes  the  individual  epithelial  cells — exactly  as  Hering 
has  described  the  relation  of  the  finest  gall-ducts  to  the  liver  cells.  The 
canaliculi  are  destitute  of  a  special  membrane,  and  are  nothing  more  than 
passages  left  between  the  adjacent  polyhedral  glandular  cells,  which  are 
of  various  form,  and  whose  edges  as  well  as  surfaces  are  provided  with 
furrows. 

5.  The  N'erves. — The  nerves  of  the  lachrymal  gland  always  follow  the 
same  course  with  the  branches  of  the  blood-vessels  and  excretory  ducts. 
They  are  for  the  most  part  non-medullated,  even  in  the  main  trunk  of  the 
nervus  lachrymalis.  1  have  never  been  able  to  follow  them  with  certainty 
over  the  lachrymal  tubes,  which  they  always  accompany,  and  can  state 
nothing  definite  with  regard  to  their  final  terminations,  or  their  anatomical 
relations  to  the  secretory  elements.  At  all  events,  no  nerves  are  to  be 
found  within  the  parenchymal  bodies  in  the  interstices  between  the  alveoli, 
and  if  they  in  reality  enter  into  direct  relations  with  the  secretory  epi- 
thelium, they  must  pass  to  the  alveoli  with  the  finest  excretory  ducts.* 

6.  The  Literature. — The  histological  literature  of  the  lachrymal  gland 
coincides  for  the  most  part  with  that  of  the  acinous  glands.  Passing  over 
the  older  authors,  I  give  the  complete  literature  since  the  researches  of 
Giannuzzi,  which  proceeded  from  the  laboratory  of  Ludwig  and  formed  an 
era  in  this  branch  of  study ;  also  the  almost  simultaneous  and  not  less  im- 
portant works  of  Pfiuger. 
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*  Appearanoes,  sach  as  I  drew  in  my  first  work,  where  non-medullated  nerves  pass 
upon  the  blunt  end  of  the  alveolas,  can  only  be  exhibited  at  the  edge  of  the  paren- 
chymal body  toward  the  septa  of  conneotiye  tissae. 
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CHAPTER  XXXVI. 

THE  OBOAN   OF   HEASING. 

I.    The  External  and  Middle  Ear  exclusive  of  the  Eustachian  Tube. 

By  J.  KESSEL. 

In  the  organ  of  hearing  of  the  higher  Vertebrates  we  distinguish  a  sound- 
conducting  and  a  sound-perceiving  apparatus.  The  conducting  apparatus 
includes  the  external  and  middle  ear,  while  the  percipient  elements  are  con- 
tained within  the  inner  ear,  in  the  vestibule,  the  semicircular  canals,  and 
the  cochlea. 

A.    The  External  Ear 

includes  the  aiiricle,  the  external  meatus,  and  the  membrana  tympani. 

The  auricle,  with  the  exception  of  the  lobide,  is  chiefly  composed  of  a 
cartilaginous  plate  of  complicated  form  which  gives  it  its  well-known  shape. 
The  cartilage  belongs  to  the  reticidar  variety,  is  1-2  ];qm.  thick,  and  covered 
by  a  perichondrium  rich  in  elastic  fibres.  These  fibres  pass  into  the  substance 
of  the  cartilage,  forming  fine  anastomoses  with  each  other  (EoUett,  page  90 
of  this  manual) ;  and  in  the  meshes  of  this  network  small  cartilage  cells  are 
embedded. 

Of  the  muscles  which  are  attached  to  the  auricle  only  those  are  spoken 
of  here  which  pass  between  its  different  regions.  They  are  small,  thin,  stri- 
ated muscles,  and  are  inserted  with  short  tendons  on  the  perichondrium. 

The  cutis  of  the  auricle,  a  continuation  of  that  of  the  face  and  skuU,  covers 
the  cartilage,  and  by  a  duplicature  forms  the  lobide.  Over  the  whole  sur- 
face downy  hairs  are  found,  into  the  sheaths  of  which  sebaceous  glands  from 
0.5-2.0  mm.  in  diameter  enter.  These  latter  reach  their  greatest  size  iii  the 
concha,  where  they  are  larger  than  the  fine  hairs,  so  that  their  openings  can  be 
seen  with  the  naked  eye  as  small  depressions.  In  some  individuals,  however, 
at  the  entrance  of  the  external  meatus  the  opposite  ia  the  case,  and  the  hairs 
reach  such  a  development  that  they  have  been  named  by  anatomists  bucks^ 
hairs.  Small  sweat  glands  of  0.15  mm.  diameter  are  found  on  the  sur&ce 
of  the  auricle,  chiefly  on  the  side  next  the  skull. 

The  subcutaneous  tissue  of  the  external  skin  of  the  auricle  is  not  the 
same  throughout.  Numerous  elastic  fibres  are  woven  into  its  substance, 
and  these  can  be  followed  through  the  perichondrium  into  the  reticular  car- 
tilage. This  tissue,  on  the  concave  surface,  forms  a  thin  layer  which  is 
firmly  united  with  the  perichondrium,  and  on  this  account  the  skin  on  this 
spot  is  immovable.  On  the  convex  side  of  the  auricle,  however,  the  subcu- 
taneous tissue  increases  in  thickness  and  the  skin  is  there  movable :  at  the 
lower  portions  of  the  auricle  it  contains  in  its  meshes  fisit-cells,  which  chiefly 
give  the  form  and  thickness  to  the  lobule. 

The  auricle  receives  its  blood  from  different  sources.  The  capillaries 
coming  from  the  arterial  branches  are  distributed  in  the  cutis,  in  the  hair 
bulbs  and  glands,  and  also  in  the  cartilage.     Some  of  the  vessels  pass  di- 
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rectly  through  the  cartilage  from  the  inner  to  the  outer  side  (Pareidt,  31), 
while  others  remain  in  the  perichondrium.  Branches  from  these  latter  pass 
into  the  substance  of  the  cartilage  and  are  there  distributed  (Meyer,  28). 
Nerves  are  most  abundant  on  the  convex  surface  of  the  auricle,  less  abun- 
dant on  its  concave  surface  and  on  the  lobule.  The  coarser  nerve-branches 
run  along  the  larger  vessels,  and  pass  through  the  medial  side  of  the  carti- 
lage in  order  to  reach  the  skin  of  the  lateral  surface. 

The  external  meatus  consists  of  a  cartilaginous  and  an  osseous  portion 
which  together  are  24  mm.  long  (Troltsch,  45),  the  former  8  mm.  and  the 
latter  16  mm. ;  the  width  of  the  meatus  depends  upon  individual  peculiari- 
ties. The  cartilaginous  portion  is  a  part  of  the  cartilage  of  the  auricle  and 
of  the  tragus  ;  it  forms  a  groove  open  on  its  posterior  and  upper  part,  which 
is  converted  into  a  tube  by  fibrous  tissue.  It  is  joined  to  the  osseous  meatus 
by  a  small  band  of  connective  tissue  in  such  a  way  as  to  be  movable.  This 
cartilage  is  of  the  same  structure  as  that  of  the  auricle,  and  in  order  that  it 
may  be  more  movable  upwards  and  backwards,  has  two  slits  on  its  anterior 
and  lower  wall,  which  are  closed  by  fibrous  tissue.  The  cutis  of  the  exter- 
nal meatus  is  a  continuation  of  the  outer  skin  of  the  auricle  and  tragus.  It 
is  not  of  the  same  consistency  throughout,  but  varies  in  thickness  and  mi- 
nute formation.  That  of  the  cartilaginous  meatus  is  1^  mm.  thick,  contains 
downy  hairs  with  their  sebaceous  glands,  ceruminous  glands,  and  a  little  fat 
in  its  subcutaneous  tissue  ;  in  the  osseous  portion  of  the  meatus  it  changes 
its  character  ;  its  thickness  diminishes  to  0.1  mm.,  the  downy  hairs  become 
extremely  fine  and  few  in  number,  and  the  ceruminous  glands  are  found  only 
on  the  posterior  upper  wall,  where  they  are  generally  seen  even  to  the  mem- 
brana  tympani.  Small  papillse  arranged  in  long  rows  are  found  under  the 
cuticle,  and  also  a  corium,  with  abundant  elastic  fibres,  which,  in  their 
lower  layers,  pass  into  the  periosteum.  The  ceruminous  glands  resemble 
the  sweat  glands,  not  only  in  the  time  and  manner  of  theii*  development,  but 
also  in  their  external  form  and  their  minute  histology ;  this  is  also  true  of 
the  contents  of  the  ceruminous  glands,  so  far  as  the  microscope  allows  us  to 
judge,  the  only  difference  being  that  in  cerumen  masses  of  veiy  fine  corpus- 
cles of  coloring  matter  are  found  {vide  p.  553).  The  ceruminous  and  seba- 
ceous glands  together  secrete  a  yellowish- white,  rather  fluid  substance,  which 
consists  essentially  of  small  and  large  fat  globules,  masses  of  corpuscles  of 
coloring  matter,  and  cells  in  which  single  globules  of  fat  and  coloring  mat- 
'ter  are  embedded  ;  in  addition  to  these,  hairs  and  scales  of  epidermis  from 
the  lining  of  the  meatus,  and  foreign  bodies  of  different  kinds  are  also  found. 
Where  the  cerumen  has  collected  in  considerable  quantity  and  remained 
some  time  in  the  external  passage  it  alters  its  color,  and  forms,  from  the  loss 
of  its  watery  contents,  solid  masses. 

The  larger  arterial  branches  run  along  the  upper  and  posterior  wall  of  the 
meatus,  and  give  off  a  large  branch  which  passes  on  to  the  membrana  tym- 
pani. The  principal  nerves  which  are  found  in  the  cutis  of  the  cartilaginous 
meatus  divide  into  numerous  branches  in  the  osseous  portion,  so  that,  in  the 
deepest  parts  of  the  passage,  the  surface  supplied  with  nerves  is  much 
greater  than  in  the  external  portions,  thereby  giving  the  gi-eat  sensibility  to 
this  part. 

The  membrana  tympani  stretches  across  as  a  dividing  wall  between  the 
external  meatus  and  the  tympanum. 

Its  form  is  In  general  elliptical,  but  the  regnlaril^  of  the  ellipse  is  broken  in  it 
upper  and  anterior  portions  l^  the  segment  of  Bivini.  The  long  axis  of  this  ellipsoic 
paases  forwards  and  downwards,  the  shorter  baekwards  and  downwards ;  the  dia- 
meters of  the  membrane  should  therefore  be  measured  in  the  direction  of  the  axes 
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of  the  ellipsoid,  and  not  vertically  and  horizontally,  as  is  asnal.  In  the  former  ( 
the  measurements  are  9.5-10  mm.  for  the  long  axis  of  the  ellipsoid,  and  8  mm.  foir 
the  shorter ;  in  the  latter  the  horizontal  diameter  is  8-8.5  and  the  vertical  8.5-9  mm. 
The  plajies  which  would  pass  through  the  grooves  in  which  the  two  membiwuB 
tympanorum  are  inserted,  are  so  inclined  to  each  other  as  to  form  an  obtuse  angle 
upwards  and  an  obtuse  angle  backwards,  the  former  of  which  measures  130'-!^'', 
the  latter,  however,  has  not  yet  been  determined.  The  membrana  tympani  itaelf 
does  not  lie  in  the  plane  of  the  groove  in  which  it  is  inserted,  but  the  surface  is  so 
curved  that  the  membrane  resembles  a  funnel,  the  point  of  which  Ues^t  the  end  of 
the  manubrium  of  the  hammer ;  the  meridian  lines  of  this  funnel,  moreover,  instead 
of  being  straight,  are  convex  on  their  external  surface. 

For  examining  the  position  of  the  different  elements  constituting  the 
membrana  tympani,  an  intact  membrane,  seen  with  a  slight  magnifying 
power,  is  the  most  useful.  For  this  purpose  the  membrane  with  its  osseouB 
border  and  with  the  ossicula  should  be  dissected  from  the  petrous  bone  and 
laid  for  some  hours  in  water,  so  that  the  greater  part  of  the  epidermis 
which  obstructs  the  view  may  be  removed.  The  preparation  is  then  to  be 
deprived  of  its  water  by  lying  in  absolute  alcohol,  rendered  transparent  in 
oil  of  turpentine  and  allowed  to  dry.  With  slight  magnifying  power  three 
layers  can  now  be  seen,  an  external,  a  middle,  and  an  internal ;  these  are 
attached  throughout  their  whole  periphery  except  at  the  segment  of  Rivini 
by  means  of  a  thick  edge  to  the  fibrous  ring  which  is  inserted  in  a  groove 
of  the  bone.  The  external  layer  is  a  continuation  of  the  cutis  of  the 
meatus  and  resembles  this  in  all  important  particulars.  The  middle  layer, 
the  thickest  of  the  membrana  tympani,  consists  of  broad  fibres  ^ith  sharp 
outlines,  the  majority  of  which  run  to  the  hammer  in  a  radial  or  circular 
direction ;  a  small  number,  however,  run  in  different  directions  between 
these  circular  and  radial  fibres.  The  radial  layer  lies  external  beneath  the 
cutis,  the  circular  internal  beneath  the  mucous  membrane. 

The  inner  or  mucous  layer  of  the  membrana  tympani  is  a  direct  contin- 
nation  of  the  mucous  membrane  of  the  tympanum ;  it  is  very  thin,  and  on 
account  of  its  complicated  structure  can  only  be  examined  with  strong 
magnifying  powers.  Although  it  is  easy  to  convince  one's  self  of  the 
general  arrangement  of  the  elements  constituting  the  membrana  tympani, 
the  minute  structure  of  the  segment  of  Rivini  is  not  so  easily  determined, 
as  the  views  of  authoi-s  in  regard  to  it  differ  widely.  The  osseous  groove 
in  which  the  membrana  tympani  is  inserted  does  not  run  round  completely 
into  itself,  but  in  its  upper  part  a  section  of  the  bone  in  the  form  of  an 
oval  segment  is  wanting,  and  the  two  ends  of  the  tympanic  groove  could 
only  be  united  by  a  cord  of  this  segment  2.5-3  mm.  long ;  this  space  is 
known  as  the  segment  of  Rivini.  This  Rivinian  segment  is  filled  by  the 
tissue  of  the  cutis  and  the  mucous  membrane  of  the  tympanum.  The 
tendinous  ring  of  the  membrana  tympani  bends  with  the  greater  part  of 
its  fibres  from  the  direction  which  it  has  hitherto  maintained,  and  turns  at 
this  point  towards  the  deeper  lying  processus  brevis  where  it  is  inserted, 
while  the  remainder  of  the  tendinous  fibres  of  the  ring  pass  upwards  and 
are  lost  in  the  connective  tissue  of  the  periosteum.  In  this  way  an  irreg- 
ular triangular  space  is  formed,  bounded  above  by  the  Rivinian  segment, 
and  on  each  side  by  two  bands  which  attach  the  hammer,  or  rather  the 
point  of  its  small  process,  to  the  anterior  and  posteiior  comers  of  the  osseous 
groove.  The  anterior  band  is  1.5,  the  posterior  2  mm.  long.  The  thr^e 
points  of  insertion  of  these  bands  do  not  lie  in  a  perpendicular  plane,  but 
the  two  lower  ones  arise  just  so  far  external  to  the  upper  one  as  the  short 
process  of  the  hammer  has  pressed  the  membrana  tympani  towards  the 
meatus,  so  that  a  perpendicular  line  from  the  Rivinian  segment  downwarda 
would  pass  through  the  neck  of  the  hammer. 
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The  distance  from  the  highest  point  of  the  segment  to  the  point  of  the 
short  process  is  2.5-3  mm. 

The  tissue  filling  the  above-described  space,  called  by  Odo  Schrapnell  (40) 
the  membi-ana  flaccida,  is  less  firmly  stretched  than  the  rest  of  the  membrana 
tym][>ani,  and  sometimes  even  falls  inwards,  pouch- like,  towards  the  tym- 
panum(Henle,  12).  It  consists  of  a  very  thin  layer  of  cutis  and  of  the  mu- 
cous membrane  of  the  membrana  tympani.  The  cutis  contains,  in  addition 
to  the  vessels  and  nerves,  undulating  bands  of  connective  tissue,  which  pass 
obliquely  from  the  posterior  and  upper  pait  of  the  meatus  and  become  the 
circular  fibres  of  the  anterior  superior  segment.  The  thin  stratum  of 
mucous  membrane  reaches  to  the  osseous  edge  of  the  Rivinian  segment,  and 
from  here  passes  over  to  the  projecting  neck  of  the  hammer,  which  lies  op- 
posite. 

The  supposition  that  a  Bivinian  perforation  exists  under  normal  droumstances  has 
been  thoroughly  disproyed  by  Hyrtl  (16)  and  other  observers  ;  it  is  found  only  as  the 
result  of  inflammation.  I  have  convinced  myself  of  the  correctness  of  this  view  in 
diasections,  and  lately,  at  Dr.  Gruber's,  directly  on  living  persons. 

After  this  genei*al  view  of  the  topographical  relations  of  the  membrana 
tympani,  I  pass  to  a  description  of  its  minute  microscopic  structure. 

The  cutis  of  the  osseous  meatus  passes  from  all  points  of  its  circumfer- 
ence directly  on  to  the  membrana  tympani,  but  the  hairs  and  glands  which 
are  found  in  it  are  wanting  entirely  on  that  membrane ;  the  papillae  only 
extend  to  the  tendinous  ring  except  in  the  posterior  and  upper  part,  where 
they  are  found  as  far  as  the  processus  brevis,  and  the  rete  Malpighii  shows 
on  other  portions  of  the  membrana  tympani  a  generally  smooth,  but  here 
and  there  an  undulatory  surface.  On  a  fresh  membrana  tympani,  treated 
with  perosmic  acid,  the  epithelium  is  colored  black  exactly  as  far  as  the 
layer  of  epidermal  cells,  just  as  in  the  meatus. 

The  epidermal  cells,  the  cuticle,  and  the  corium  diminish  gradually  in 
thickness  from  the  periphery  towards  the  handle  of  the  hammer,  then 
increase  again,  and  reach  the  greatest  thickness  on  the  outer  edge  of  this 
bone.  The  reason  of  this  is,  that  the  vessels  and  nerves  of  the  cutis  and 
the  membrana  propria,  which  are  accompanied  by  strong  bands  of  connec- 
tive tissue,  pass  obliquely  from  the  posterior  and  upper  wall  of  the  meatus 
toward  the  handle  of  the  hammer  and  then  along  and  over  it.  A  part  of 
the  connective-tissue  bands  surround  the  end  of  the  hammer,  and  unite  on 
the  anterior  aide  with  those  bands  which  accompany  the  ascending  veins  of 
the  hanmier-plexus. 

Aside  from  the  above-described  general  relations  of  the  catis  of  the  membrana 
tympani,  the  thickness  of  the  cuticle  is  subject  to  many  individual  vr. nations.  It  is 
well  known  that  the  cells  of  the  cuticle  after  death  become  rapidlj  opaque  and  are 
easily  separated,  so  that  frequently  it  is  impossible  to  decide  &om  sections  whether 
we  have  all  the  layers  before  us,  or  whether  the  most  superficial  of  them  have  been  se- 
parated. We  must  of  course  take  into  consideration  these  pathological  changes,  which 
are  frequently  found,  in  order  to  escape  error  in  deciding  the  normal  thickness. 

I  have  considered  these  sources  of  error,  and  from  numerous  measurements  have 
come  to  the  conclusion  that  the  thickness  of  the  cuticle  varies  very  much  in  Adults. 
How  far  the  thickness  of  the  cuticle  of  the  membrana  tympani  influences  its  sensi- 
bility and  the  performance  of  its  regular  physiological  functions  cannot  as  yet  be 
determined  with  certainty.  From  the  external  skin  it  might  be  supposed  by  analogy 
that  here  also  a  slight  development  favors  greater  sensibility.  The  thickness  of  the 
cuticle  of  the  membrana  tympani  in  new-bom  Children  also  favors  this  view. 

The  membrana  tympani  consists  of  sharply  outlined,  opaque  fibres,  flat- 
tened on  the  aides,  swelling  out  in  the  middle,  and  from  0.0036-0.0108  mm. 
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in  thicknesB.  They  appear  under  certain  conditions  homogeneous,  but  are 
in  fact  fibrillated.  The  fibrillated  structure  of  the  fibres  appears  distinctly 
on  the  addition  of  reagents,  such  as  chromic  acid,  chloride  of  gold,  osmic 
acid,  etc.  The  fibres  of  the  membrana  tympani  resemble  most  nearly  the 
fibres  of  tendons  and  have  the  same  chemical  characteristics ;  they  swell  in 
solutions  of  potassa  and  acetic  acid,  and  the  fibrill»  separate  in  lime  and 
baryta  water,  owing  to  the  solution  of  their  connecting  substance.  If  the 
membrana  tympani  is  boiled  in  a  weak  solution  of  potassa  it  is  dissolired, 
and  only  a  slight  remnant  of  elastic  tissue  is  left  behind,which  shows  distinctly 
in  some  parts  the  tubes  of  vessels,  in  others  a  very  thin  continuous  membrane, 
which  apparently  forms  the  foundation  of  the  mucous  layer  on  the  inner 
side  of  the  membrana  tympani  (Helmholtz,ll ).  The  embryonic  membrane  is 
very  well  adapted  to  examining  these  fibrillary  bands.  The  membrana  pro- 
pria is  here  represented  by  distinct  bundles  of  fibi'illss  in  all  stages  of 
development.  No  boundary  exists  in  the  earlier  periods  of  development 
between  the  connective  tissue  of  the  cuticle  and  the  fibres  representing  the 
membrana  propria ;  this  distinction  can  first  be  made  out  toward  the  end  of 
foetal  life. 

The  membrana  propria  might  therefore  be  described  **  as  a  deep  layer  of 
the  corium  changed  and  adapted  for  physiological  purposes.^'  On  a  well- 
teased  preparation  of  an  adult  membrana  tympani  we  can  see  how  the 
glistening  bands  divide  up  and  pass  into  the  thin  layer  of  fibrillary  tissue  in 
the  cutis,  and  also  into  the  deeper  tissue  of  the  mucous  membrane.  From  the 
close  union  of  the  fibrillee  with  their  connecting  substance,  and  their  union 
with  each  other  to  form  strong  broad  bands,  they  become  very  resistant  to 
tension,  and  form  an  almost  inelastic  membrane,  a  condition  due  to  the 
method  of  their  union,  which  is  to  be  more  minutely  described,  and  which 
as  of  the  greatest  importance  for  the  conduction  of  sound,  as  Helmholtz  (11) 
shows.  These  fibres  rim  in  the  special  layers  already  described,  either 
parallel  or  crossing  each  other  at  very  sharp  angles,  and  frequently  unite 
together,  leaving  slits  and  large  spaces  between. 

These  spaces  are  usually  empty  and  then  appear  glistening,  or  else  on  their 
edges  they  are  covered  with  a  finely  granular  mass.  Sometimes  in  addition  to 
the  nerve  fibres,  to  be  hereafter  described,  cells  are  found  which  exactly 
$11  them.  These  cells,  called  by  v.  Troeltsch  (44)  the  corpuscles  of  the  mem- 
brana tympani,  appear  sometimes  spindlenshaped,  sometimes  star-shaped, 
according  to  their  position  in  the  field ;  in  the  former  case  they  are  seen  in 
profile,  in  the  latter,  en  face. 

The  larger  spaces  are  provided  with  encapsuled  nuclei  and  are  frequently 
filled  with  amoeboid  cells.  By  the  aid  of  iiyections,  and  coloring  wilh 
chloride  of  gold,  it  becomes  evident  that  we  have  to  deal  here  with  vessels 
passing  ti^ansversely  and  obliquely. 

On  the  periphery  the  thin  layers  of  the  membrana  tympani  interweave, 
leaving  large  and  small  spaces  between  the  fibres  for  the  passage  of  vessels, 
and  form  from  their  union  with  the  tissue  of  the  cutis  of  the  external 
meatus  and  that  of  the  tympanic  mucous  membrane  a  thick  swelling,  **  the 
tendinous  ring,"  which  is  attached  by  means  of  a  thin  periosteum  to  the 
annulus  tyi]i,panicus.  Vessels  and  spindle-shaped,  nucleated  elements  are 
found  between  the  glistening  bundles  of  fibrillsa,  and  frequently  also 
small  cartilage  cells,  lying  singly  or  in  rows.  From  this  it  is  clear  that 
all  the  layers  of  the  membrana  propria  are  united  to  the  tendinous  ring,  and 
I  can  confirm  Gruber's  recent  observation,  that  the  circular  fibres  may  be 
followed  distinctly  into  the  tendinous  ring,  but  must  also  add  that  these  fibres 
singly,  and  at  some  distance  from  each  other,  pass  ofi*  again  from  the  ring 
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at  very  acute  angles,  collect  together,  and  reach  nearly  as  great  a  thicknesa  as 
that  which  results  from  the  union  of  the  fibres  coming  from  the  epidermis, 
cutis,  and  mucous  membrane :  on  account  of  the  tension  of  these  fibres,  the 
radii  of  the  surface  of  the  membrana  tympani  are  convex  towards  the 
meatus.  Toward  the  middle  of  the  membioina  tympani  the  circular  fibi^es 
increase  in  number,  but  are  wanting  on  the  lower  ^ird  of  the  handle  of  the 
hammer  and  its  neighborhood.  The  layer  of  circular  fibres  is  particularly 
well  marked  on  the  periphery  of  the  anterior  superior  segment,  because  here 
the  fibres  which  come  in  an  oblique  direction  from  the  posterior  upper  wall 
of  the  meatus,  and  which  cross  the  triangle  below  the  Bivinian  segment,  are 
added  to  those  from  the  tendinous  ring. 

The  variable  thickness  of  the  circular  layer  and  of  the  cutis,  which  latter, 
as  has  been  said,  is  greatest  on  the  periphery  and  along  the  handle  of  the 
hammer,  renders  it  impossible  to  decide  by  any  single  measurement  on  tl  o 
thickness  of  the  membrana  tympani ;  on  the  periphery  and  along  the  manu« 
brium  it  is  about  0.1  mm.,  but  on  the  parts  lying  between  these  two  points, 
where  the  cutis  diminishes  in  thickness  and  the  circular  fibres  are  thinner 
or  entirely  wanting,  it  is  only  one-half  as  much,  or  even  less.  The  membrana 
propria  is  attached  to  the  handle  of  the  hammer,  but  widely  different  views 
have  been  expressed  in  regard  to  the  manner  in  which  this  takes  place. 
According  to  v.  Troeltsch  (45),  the  manubrium  of  the  hammer  is  inserted 
between  the  two  fibrous  layers  (radial  and  circular),  the  former  being  at- 
tached to  it  while  the  latter  lies  behind  it,  with  the  exception  of  some  of  the 
upper  circular  fibres  which  pass  outwards  and  run  external  to  the  hammer. 
Gruber  investigated  anew  the  mode  in  which  the  hammer  is  attached  to  the 
Buembrana  tympani,  and  described  a  cartilaginous  formation,  till  then  un- 
known, which  begins  over  the  short  process  of  the  hammer  and  reaches  } 
mm.  below  the  end  of  the  manubrium ;  on  its  lower  two-thirds  this  cartilage 
was  firmly  united  with  the  manubrium,  but  above,  at  tlie  short  process,  it 
was  not  attached,  but  formed  a  sort  of  joint,  the  cavity  of  which  was  filled 
with  synovial  fiidd.  Later  investigations  by  Prussak  (36),  Moos  (29),  and 
myself  (17)  confirm  this  thus  far,  that  a  third  of  the  short  process  consists 
of  cartilage,  but  this  cartilaginous  passes  over  into  the  osseous  portion  with- 
out any  interruption.  According  to  Prussak  and  Moos,  a  thin  layer  of  car- 
tilage cells  is  found  also  under  the  periosteum  of  the  manubrium,  not  only 
in  Infants,  but  also  in  Adults  and  aged  persons. 

I  have  Jately  repeated,  on  pi*eparations  from  all  ages,  my  investigations  on 
the  relations  of  the  structures  of  the  membrana  tympani  which  are  connected 
with  the  hammer.  In  embryos  of  from  3-9  months  the  ossicles  are  still  in 
a  cartilaginous  condition,  and  hence  offer  the  advantage  of  cross-sections 
without  further  preparation,  while  iu  Infants  and  Adults  the  calcification 
must  first  be  got  rid  of.  By  preparing  such  sections  as  will  pass  at  the  same 
time  through  the  membrana  tympani  and  hanmier,  it  will  be  found  that  the 
latter  is  surrounded  by  an  independent  periosteum  distinct  from  the  ele- 
ments of  the  membrana  propria,  and  only  united  with  that  membrane,  or 
rather  the  mucous  layer  of  the  membrana  tympani,  by  a  duplicature  of  the 
mucous  membrane  0.2-0.3  mm.  broad.  At  the  point  where  the  short  pro- 
cess is  subsequently  developed  a  quantity  of  brightly  glistening  nucleated 
cells  are  founds  under  the  periosteum  and  in  the  tissue  of  the  duplicature. 
These  elements  remain  through  life  as  cartilage  cells,  and  form  a  solid  mass 
with  the  osseous  portion  of  the  small  process,  which  is  developed  toward  the 
end  of  foetal  life  by  ossification  of  the  periosteum  at  their  point  of  union. 

At  birth  a  close  imion  of  the  hammer  with  the  membrana  tympani  exists 
only  at  two  points:  at  the  shoit  process  where  the  bands  coming  down  from 
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the  comers  of  the  Bivinian  segment  are  inserted,  and  at  the  lower  third  of  the 
manubrium,  where  one  portion  of  the  radial  fibres  strengthen  the  periosteom, 
and  another  poiiiion  cross  in  front  of  the  manubrium  in  order  to  pass  into  the 
irregular  layer  lyin«;  between  the  radial  and  circular  fibres.  The  membrana 
propria  is  united  with  the  periosteum  of  the  upper  portion  of  the  manubrium 
only  by  a  loose  connective  tissue,  so  that  a  slight  mobility  of  the  bone  is 
possible  at  this  point  without  the  ex.istence  of  any  articulation.  The  attach- 
ment of  the  mucous  membrane  of  the  membrana  tympani  to  the  hammer 
is  of  only  slight  importance. 

The  assertion  that  the  iympanum  is  completely  filled  up  by  a  young  connective  tis- 
sue during  the  whole  iutra-uterine  life  requires  limitation,  as  I  have  repeatedly  found 
the  cavity  filled  with  fluid,  and  its  mucous  membrane  covered  with  epithelium,  both 
in  the  f  OBtus  and  TTifantw. 

The  mucous  membrane  of  the  membrana  tympani  consists  of  an  epithe- 
lium and  a  fibrous  framework  below  it.  The  epithelium,  which  has  been 
heretofore  described  as  a  simple  layer  of  pavement  cells,  has  by  no  means 
this  character  in  every  part,  but  possesses  peculiarities  of  form  such  as  have 
been  described  by  Ludwig  and  Schweigger-Seidel  {Arheiten  aua  d,  physiology 
AnstoLtzu  Leipzig,  1866),  on  the  epithelium  of  the  abdominal  surface  of  the 
Babbit's  peritonsaum.  By  treatment  with  silver,  polygonal  surfaces  of  vari- 
able size  and  enclosed  by  meandering  lines 
are  brought  out  on  the  surface  of  the  mu- 
cous membrane. 

Where  their  edges  meet,  round  or  tri- 
angular spots  are  seen,  which  have  the  ap- 
pearance of  openings,  and  the  probability 
that  they  are  really  such  is  strengthened 
from  their  homogeneous  appearance  under 
treatment   with   iodized  senmi.      Large, 
small,  and  very  small  polygonals  can  be 
distinguished,    the    latter    of  which    lie 
chiefly  along  the  manubrium  of  the  ham- 
mer   and    towards    the    periphery,    and 
Fig.  367.    Mucous  epitheUum  of     contain  the  greatest  number  of  the  ho- 
the    Human   membrana   tympani     mogeneous  spots.     The  color  of  the  cells 
Silver  preparation.  under  the   silver   ti'eatment  is  variable, 

some  being  scarcely  at  all  colored,  while 
others  appear  perfectly  black  and  opaque ;  these  latter  are  again  found 
more  frequently  between  the  small  polygonal  cells.  A.s  is  usually  the  case 
after  the  silver  treatment,  the  nuclei  become  invisible,  but  occasionally  a 
few  of  them  can  be  seen,  and  then  they  usually  have  an  eccentric  position. 

The  fibrous  framework  of  the  mucous  membrane  lies  under  the  above-de- 
scribed epithelium,  between  it  and  the  membrana  propria.  The  arrange- 
ment on  the  Human  membrana  tympani  is  variable ;  fig.  368  gives  an  idea 
of  the  form  of  this  framework  as  most  frequently  found  on  the  posterior 
segment  of  the  membrane.  Midway  between  the  manubrium  and  the  ten- 
dinous ring  it  is  found  as  a  membrane  composed  of  the  finest  fibrillse,  which 
give  ofi^  in  various  directions,  broad  and  narrow  projections. 

The  membrane  varies  in  size ;  on  one  side  it  reaches  usually  as  far  as 
the  manubrium,  and  there  passes  into  the  mucous  membrane,  or  else  it  stops 
at  some  distance  from  the  hammer,  and  is  then  attached  to  the  radial  fibres 
by  several  projecting  processes  which  interweave  with  them.  I  have  usually 
also  seen  one  process  of  the  framework  running  to  the  short  process 
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Fig*  sea 


of  the  hammer.  On  the  other  side,  that  towards  the  tendinous  ring, 
processes  pass  from  the  middle  membranous  expansion  towards  the  peri- 
phery, and  spreading  out  fan-like  over 
the  circular  fibres  unite  with  each 
other.  These  processes  given  off  from 
the  middle  membranous  expansion 
unite  again  near  the  periphery,  thus 
forming  openings  which  vary  in  shape, 
number,  and  position. 

The  membranous  expansion  of 
this  tissue  also  contains  openings 
sometimes.  The  construction  of  the 
framework  is  complicated  by  the 
fact  that  all  the  described  radial  pro- 
cesses do  not  lie  in  one  plane,  but  in- 
stead of  going  to  the  tendinous  ring, 
pass  deep  in  between  the  radial  and 
circular  fibres  in  the  spaces  already 
described,  and  there  spread  out  as  a 
system  of  ridges  in  such  a  way,  that 
a  number  of  these  spaces  communica- 
ting together  form  lacunsa.  These 
lacunas  again  may  unite  through  open- 
ings between  the  circular  fibres  with 
the  superior  system  of  cavities.  The 
described  spaces  are  all  lined  with  an 
endothelium  which  closely  resembles, 
in  its  form  and  perishability,  Desce- 
met's  epithelium  of  the  cornea.  By 
treatment  with  silver  and  chloride  of 
gold  dark-colored  undulating  lines  ap- 
pear in  the  form  of  meshes,  such  as  are 
chamcteristic  of  the  lymph  vessels.  In  regard  to  the  framework  on  other 
parts  of  the  membrana  tympani  it  should  be  said,  that  it  normally  forms  on 
the  anterior  segment  the  same  configurations  as  those  just  described,  and  is 
found  as  a  perforated  membrane  only  on  the  lower  segments ;  yet  here  also 
the  known  variations  in  the  arrangement  of  the  fibres  may  appear. 

Gmber,  in  a  monograph,  (8)  describes  a  fibrous  frame-work  under  the  name  of  den- 
dritic tissue,  which,  from  its  position,  corresponds  with  the  one  we  have  described ; 
its  more  intimate  relations,  however,  have  not  been  sufficiently  appreciated  by  him. 

On  the  edge  of  the  mucous  membrane  for  a  space  0.220-0.088  mm. 
wide,  especially  in  Children,  villous  processes,  which  were  first  described 
by  Gerlach,  are  united  with  the  fibrous  frame- work.  (On  the  pouch  of 
Troeltsch  and  on  the  hammer  these  villous  processes  are  ako  found.)  They 
are  covered  by  flattened  epithelium,  and  are  composed  of  connective  tissue, 
in  which  capillary  loops  run. 

Of  the  nerves,  blood,  and  lymph  vessels  of  the  membrana  tympani  only  the 
existence  of  the  blood-vessels  was  known  to  Gerlach  (7),  v.  Troeltsch  (45), 
and  Hiidinger  (38).  In  regard  to  the  nerves,  v.  Troeltsch  (45)  says  that  they 
are  distributed  chiefly  and  almost  entirely  in  the  cutis,  but  he  does  not  de- 
scribe their  terminal  endings ;  nor  was  he  able  to  find  them  in  the  mucous 
membrane.  Gerlach  (7),  however,  several  times  recognized  fine  non-medul- 
lated  nerve  fibres  in  the  mucous  layer. 


Fig.  868.  A  part  of  the  posterior  seg- 
ment under  slight  magnifying  power, 
a,  the  membrane,  which  is  found  directly 
under  the  epithelium,  with  its  processes 
to  the  (b)  tendinous  ring.  The  dark-col- 
ored meshes  correspond  to  the  blood- 
A  chloride  of  gold  preparation. 
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According  to  all  who  have  yet  invesligated  the  anatomy  of  the  membrana 
tympani,  the  membrana  propria  is  destitute  of  nerves  and  vessels  except  <m 
tJie  periphery,  where,  according  to  Grerlach  (7),  there  exists  a  capillary  anasto- 
mosis between  the  mucous  membrane  and  the  cutiq.  No  description  of  the 
lymph  vessels  exists,  so  far  as  I  know,  except  that  published  by  me  in  the 
CentralbldU  fur  fnedic.  Wise.  The  result  of  my  investigations  shows  that 
nerves,  blood,  and  lymph  vessels  exist  in  the  three  chief  layers  of  the  mem- 
brana tympani,  in  the  cutis,  the  membrana  propria,  and  the  mucous  mem- 
brane. 

The  blood-vessels  of  the  cutis  and  membrana  propria  are  supplied  chiefly 
by  an  artery  which  passes  on  to  the  membrane  from  the  posterior  and  upper 
wall  of  the  meatus,  and  descends  on  the  posterior  segment  of  the  membrane 
along  the  handle  of  the  hammer,  sending  off  continually  small  branches  in  a 
radial  direction  toward  the  periphery.  Toward  the  lower  end  of  the  handle 
it  passes  across  the  bone  and  divides  into  two  branches,  one  of  which  sup- 
plies the  lower  anterior  quadi-ant  of  the  membrane.  The  branches  running 
centrifiigally  in  the  cutis,  and  here  and  there  united  by  transverse  or  oblique 
anastomoses,  pass  into  a  capillary  network  which,  in  some  places,  runs  into 
the  smaller  veins  accompanying  the  arteries,  in  oUiers  passes  by  the  shortest 
course  into  two  venous  plexuses,  one  of  which  surrounds  the  handle  of  the 
hammer  and  empties  its  blood  into  the  posterior  superior  veins  of  the  cutis 
of  the  meatus,  the  other  lies  on  the  edge  of  the  membrana  tympani  and  dis- 
charges its  blood  also  outward. 

In  addition  to  this  chief  artery,  smaller  ones  at  nearly  equal  distances 
pass  in  the  cutis  from  the  periphery  on  to  the  membrana  tympani,  divide 
rapidly  into  capillaries,  and  unite  with  those  just  described.  The  middle 
capillary  network,  which  lies  in  the  membrana  propria,  communicates  both 
with  that  of  the  mucous  membrane  and  with  the  external  one  just  described ; 
it  expands  between  the  radial  and  circular  layers,  and  also  in  the  system  of 
cavities  clinging  closely  to  the  walls  of  these  latter  at  every  point.  On  the 
middle  and  inner  parte  of  the  membrane,  lying  between  the  handle  of  the 
hammer  and  the  tendinous  ring,  where  the  radial  fibres  in  their  course  to- 
wards the  manubrium  are  more  and  more  crowded  together,  and  where  the 
circular  fibres  are  wanting,  the  capillaries  pass  transversely  or  obliquely  from 
the  external  capillary  network  between  the  radial  fibres  to  the  inner  one  of 
the  mucous  membrane,  so  that  this  portion  of  the  membrana  propria  appears 
to  contain  the  smallest  number  of  vessels.  Toward  the  periphery  the  radial 
fibres,  here  and  there,  separate  from  each  other,  leaving  grooves  which  are 
filled  by  capillaries  of  rapidly  increasing  diameter,  and  which  run  like 
radii  at  regular  distances.  These  capillaries  also  empty  their  contents 
into  the  peripheral  plexus. 

By  separating  the  cutis  and  the  mucous  membrane  from  the  membrana 
propria,  the  vessels  passing  through  it  transversely  and  obliquely  are  torn 
apart,  so  that  the  above-described  spaces  with  their  encapeuled  nuclei  can  be 
seen. 

The  inner  network  of  vessels  of  the  muooui^  membrane  consiste  chiefly  of 
capillaries,  and  is  distributed  mostly  around  the  handle  of  the  hammer  and 
towards  the  tendinous  ring.  The  network  in  the  latter  place  is  to  bo  re- 
garded as  a  continuation  of  the  capillaries  of  the  tympanic  mucous  mem- 
brane. They  pass  on  to  the  membrana  tympani,  bend  in  the  form  of  loops 
round  or  else  surround  the  openings  of  the  ridge-work,  and  then  pass  back 
either  to  the  vessels  of  the  tympanic  mucous  membrane  or  to  the  edges  of 
the  tunnel-shaped  passages,  or  directly  deep  down  to  anastomose  with  the 
capillaries  of  ^e  membrana  propria.     The  network  surrounding  the  ham* 
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mer  unites  with  ihe  middle  capillary  network  and  also  with  that  just  de- 
scribed, receiving  its  blood  from  several  small  arteries  which  pass  from 
above  downwards  nearly  in  the  direction  of  the  artery  which  runs  in  the 
cutis. 

As  we  have  jast  seen,  the  mucous  membrane  of  the  membrana  tympani  empties  its 
blood  in  two  ways,  into  the  veins  of  the  tympanum  and  into  those  of  the  external 
meatus.  The  chief  volume  of  blood  passing  through  the  arteries  and  capillaries  of 
the  membrana  tympani  can,  therefore,  reach  the  larger  veins  by  different  courses, 
the  shorter  through  the  plexus  of  the  hammer,  the  longer  across  the  membrana  tym- 
pani through  the  plexus  of  the  periphery.  Wliich  of  these  ways  is  chosen  by  the 
blood  during  life  depends  evidently  on  the  nature  of  the  resistance  which  exists  in  the 
different  piuts  of  its  course,  especially  in  the  veins.  It  may,  however,  be  said  with 
certainty  that  the  arterial  blood  always  passes  back  by  the  shortest  oonrse,  through 
the  plexus  surrounding  the  handle  of  the  hammer,  when  no  special  resistance  exists  in 
the  veins  into  which  the  vessels  of  this  plexus  empty  (Prussak,  37 ).  I  have  convin- 
ced myself  of  the  correctness  of  this  latter  view  to  which  Prussak  arrived  by  careful 
injections.  As  I  cannot  more  minutely  describe  in  this  place  the  ways  and  means  by 
which  I  arrived  at  this  conclusion,  I  will  content  myself  with  giving  the  method 
which  I  used  in  demonstrating  the  course  of  the  circulation  in  the  membrana 
tympani  For  this  object  I  used  Frogs  treated  with  curara,  the  lower  jaws  of  which 
hy  section  of  the  masseters  were  drawn  as  far  back  as  possible.  Laying  the  animal 
between  wet  compresses  on  a  plate  of  glass,  in  such  a  way  that  the  external  surface 
of  the  membrana  tympani  to  be  examined  lay  upon  the  plate,  I  then  fastened  the 
plate  upon  the  object  table  of  the  microscope.  On  account  of  the  short  and  wide 
Eustachian  tube  in  the  Frog,  it  is  possible  by  an  appropriate  turning  of  the  head  in 
this  way  to  study  the  circulation  of  the  different  parts  of  the  membrana  tympani  very 
nicely. 

Fig.  369. 


Fig.  860.    Lymph-vesseli  with  their  pouch -like  expansions  lying  directly  below  the* 
fibrous  frame-work  of  the  mucous  membrane.     Silver  preparation. 
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In  regard  to  the  lymph  vessels  it  may  be  said  in  general  that  they  are  ar- 
ranged in  three  layers  analogous  to  the  blood-vessels ;  the  first  belongs  to 
the  cutis,  the  second  to  the  membrana  propria,  and  the  third  to  the  mucous 
membrane.  In  the  cutis  they  form  a  very  fine  network,  lying  directly  below 
the  rete  Malpighii,  and  which  accompanies  the  blood  capillaries  at  many 
points. 

They  pass  gradually  into  larger  capillaries,  which  often  cross  the  blood 
capillaries  and  unite  finally  into  independent  larger  branches,  which  either 
pass  backwards  and  upwards,  or,  like  the  blood-vessels,  pass  at  different 
points  towards  the  periphery  and  the  meatus.  Sub-epithebal  networks 
are  found  in  the  mucous  membrane  lying  towards  the  tendinous  ring,  but 
only  in  small  numbers ;  they  are  distinguished  from  the  equally  large  blood 
capillaries  by  their  numerous  swellings.  Thej  pass  through  the  holes  de- 
scribed in  the  fibrous  frame-work  into  the  system  of  cavities,  to  form  there 
large,  round,  and  pouch-like  expansions  (vide  fig.  369). 

These  latter  expansions  pass  again  into  narrow  capillaries  provided 
with  contractions  which  act  like  valves,  and  these  capillaries  unite  with  the 
deeper,  tunnel-shaped  branches,  or  else  pass  directly  through  the  mem- 
brnna  propria,  so  that  all  three  layers  of  the  lymph  vessels  of  the  membrana 
tympani  lie  one  below  the  other  and  unite  with  those  in  the  cutis  of  the 
meatus.  It  should  be  further  noticed  here,  that  by  brushing  off  the  epithe- 
lium of  the  mucous  membrane  a  lymph-canal  system,  like  that  first  described 
by  Hecklinghausen  {vids  p.  219)  on  the  diaphragm  of  the  Rabbit,  appears 
after  treatment  with  silver,  both  on  the  membranes  and  ridges  lying  below 
the  epithelium,  and  also  on  the  depressions  or  tunnel-shaped  passages  lying 
between  these.  This  canal-system,  extending  over  the  whole  membrana 
t\Tnpani,  is  most  distinct,  howevei*,  on  those  spots  covered  by  the  small- 
cellod  epithelium  of  the  mucous  membrane,  along  the  handle  of  the  hammer 

and  towards  the  tendinous  ring ;  the  clear 
"  spots,  which  frequently  unite  together,  here 

increase  in  number  and  extent  at  the  cost 
of  the  brown-colored  masses. 

On  the  membrana  tympani  of  the  Dog  and 
Cat  I  found,  as  in  Man,  that  where  the  light 
spaces  existed,  fine,  very  undulating  lines, 
which  were  here  and  there  somewhat  thick- 
ened, and  which  became  by  continuous  divi- 
sion finer  and  finer,  sti-etched  in  all  directions 
even  into  the  brown  masses  (vide  fig.  370). 
Similar  appearances  of  the  lymph-canals 
were  described  by  Koester  (  Ueher  d.fein^rt 
Stnictur  d,  menschi,  N'ahdschnur,  Dissert, 
inaug.  Wiirzburg,  18G8),  on  the  placental 
cord,  and  by  him  used  as  a  support  to  his 
theory  that  the  lymph-canals  were  formed 
of  epithelial  cells.  Here  and  there  the  light 
spaces  are  seen  accompanying  the  contoui-s  of 
the  vessels ;  they  then  run  on  one  or  both  sides 
along  the  vessels  and  communicate  with  the 
points  of  neighboring  lymph  canals.  In 
what  relation  the  lymph-canal  system  stands 
to  the  epithelium  of  the  mucous  membrane, 
or  rather  to  the  openings  described  in  it,  I  have  not  as  yet  been  able  to 
discover,  and  will  here  only  state  the  interesting  physiological  fact  that  T 


Fig.  370.     Serous  oanalicull  of 
the  membrana  tympani  of  the  Dog. 
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have  been  able,  in  the  Dog,  to  fill  the  lymph-vessels  of  the  membrana 
tympani  most  beautifully  and  completely  from  Uie  tympanum  by  the  method, 
first  used  on  the  diaphragm  by  Recklinghausen  and  afterwards  by  Ludwig 
and  Schweigger-Seidel.  From  these  injections  and  from  the  described  ar- 
rangement in  the  system  of  lymph- vessels  we  might  suppose  that  every  alter- 
ation of  tension  of  the  membrana  tympani  would  cause  a  suction  on  the 
contents  of  the  tympanum,  and  finally  force  it  forward  within  the  lymph- 
vessels. 

The  nerves  of  the  membrana  tympani  are  distributed  like  the  vessels  in 
the  cutis,  the  membrana  propria,  and  the  mucous  membrane.  The  larger 
nerve  trunks  accompany  the  chief  vessels,  divide  as  these  do,  and  frequently 
unite  together  like  the  capillaries.  They  are  distributed  with  the  latter 
and  form  thick  networks  under  the  epithelium  of  the  cutis,  and  also  under 
that  of  the  mucous  membrane.  A  fundamental  plexus,  a  capillary  plexus 
near  the  vessels,  and  a  sub-epithelial  plexus  may  be  distinguished. 

The  chief  nerve  trunk,  consisting  of  medullated  fibres  provided  with  a 
sheath  of  Schwann,  lies  on  the  boundaiy  between  the  cutis  and  mem- 
brana propria ;  it  passes  from  the  meatus  on  to  the  membrana  tympani  at 
the  upper  part  of  the  posterior  segment  close  to  and  behind  the  ai'tery,  and 
distributes  fibres  which  accompany  the  twigs  given  off  from  this  artery. 
At  the  end  of  the  handle  of  the  hammer  the  nerve  divides  into  two 
branches  corresponding  to  the  division  of  the  artery,  one  of  which  supplies 
the  anterior  and  the  other  the  posterior  and  lower  parts  of  the  membrana 
tympanL  Besides  this  chief  trunk,  several  small  branches  enter  the  mem- 
brane with  the  blood-vessels  at  difierent  parts  of  the  periphery.  The 
coarser  of  these  nerves,  lying  on  the  boundary  of  the  cutis  and  membrana 
propria,  I  call  the  fundamental  plexus  of  the  membi*ana  tympani.  The 
twigs  given  off  from  them  divide  into  numerous  non-medullated  fibres  with 
sheaths,  and  then  form  numerous  plexuses  around  the  vessels,  and  also  in 
the  spaces  between  the  capillaries.  Examining  more  minutely  such  a  plexus 
which  accompanies  the  vessels,  we  see  single  nerve  fibres  clinging  close  to 
the  contours  of  the  capillaries,  and  here  and  there  separating  again  from 
them,  so  that  a  small  clear  space  becomes  visible  between  the  nerve  and 
the  wall  of  the  vessel.  In  its  further  course  the  nerve  may  leave  the 
vessel  and  join  the  plexus  found  directly  under  the  ret«  Malpighii,  or  it 
may  separate  directly  into  minute  fibres  which  are  woven  around  the 
capillaries. 

Lippmann  {Tnaug.  Divert.,  Berlin,  1869)  and  Thomsa  {CentraUdaU,  Nr.  89,  1869) 
have  described  this  same  appearance,  bat  thej  were  unable,  however,  like  myself,  to 
discover  the  cloeer  relation  of  the  nerve  threads  to  the  nuclei  of  the  capillaries. 

A  second  variety  of  nerve  fibres  is  of  a  different  nature  from  those  just 
described,  showing  a  simple  axis  cylinder  which  at  many  points  passes  into 
coarse  swellings  with  distinct  nuclei.  From  one  such  swelling  two  or  more 
fibi^es  may  be  given  off,  and  in  the  latter  case  it  has  the  appearance  of  a 
small  ganglion  cell.  On  successful  preparations  I  have  seen  such  fibres 
coming  in  close  relation  both  with  the  cells  of  the  rete  Malpighii  and  also 
with  the  vessels  lying  directly  below  it,  the  fibres  with  their  nucleated 
swellings  lying  on  the  capillaries  as  above  described,  and  again  separating 
from  them  (fig.  371). 

At  other  points  the  nerve  fibres  may  be  traced  into  fine  threads  which 
in  their  further  course  show  frequent  pear-shaped  swellings.  These  latter 
appear  dark-colored  after  treatment  with  chloride  of  gold,  while  the  neigh- 
boring nuclei  of  the  capillaries  usually  remain  lighter.  On  gold  prepara- 
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Fig.  871. 


tions  it  has  the  appearance  as  if  the  pear-shaped  swelling  lay  in  the  angle  of 
a  forking  nerve,  one  of  whose  prongs  comes  to  a  knob-shaped  end  in  the  im- 
mediate proximity  of  the  swelling,  while 
the  other  becomes  lost  in  the  wall  of  the 
capillary  vessel  in  a  manner  as  yet  un- 
known (fig.  371,  d). 

As  yet  there  is  no  reason  for  consid- 
ering these  swellings  as  the  terminal 
endings  of  the  nerves  of  the  vessel, 
since  threads  are  given  off  from  them 
which  are  lost  on  the  wall  of  the  ves- 
sel. The  described  relations  can  only 
in  rare  cases  be  seen  satisfactorily,  be- 
cause the  long  course  of  the  nerve 
fibres  before  their  division  into  fine 
threads  seldom  allows  their  connection 
with  the  pear-shaped  swellings  to  be 
seen. 

It  was  said  above  that  only  one  por- 
tion of  the  nerve  fibres  was  connected 
with  the  vessels,  while  another  portion 
united  with  the  plexus  lying  in  the  rete 
Malpighii.  This  latter  forms  a  network 
provided  with  bi-polar  or  multi  polar 
cells  which  are  directly  under  the  deeper 
layer  of  the  cuticle.  From  this  network 
very  fine  but  distinctly  recognizable 
threads  pass  ofi*;  these  often  run  directly 
between  the  cells,  so  that  we  may  be  in  doubt  whether  we  have  to  deal 
with  the  cell  boundaries  or  with  such  threads,  but  they  frequently  also  pass 
over  both  the  cell  boundaries  and  the  nuclei  in  order  to  reach  the  neigh- 
boring or  more  superficial  cells.  I  am  unable  to  assert  anything  positive  in 
regard  to  their  termination. 

It  should  be  stated  here  that  numerous  nerve  fibres  from  the  funda- 
mental plexus  pass  in  between  the  fibi*es  of  the  membrana  tympani  in  order 
to  reach  the  membrana  propria,  where  they  are  seen  to  lie  either  on  the  ten- 
dinous fibres,  or  to  pass  through  the  slits  and  holes  between  these  fibres  to 
join  the  nerves  of  the  mucous  membrane.  In  the  course  of  distribution  of 
these  fibres,  nucleated  swellings  of  the  nature  already  described  are  found 
on  the  finer  fibres. 

We  find  therefore  in  the  membrana  propria  the  openings  for  the  vessels 
with  the  contents  as  described,  and  in  addition  to  these  a  large  number  of 
nucleated  swellings  provided  with  two  or  more  processes  which  unite  with 
the  nerve  fibres,  and  which  lie  above  and  between  the  single  fibrous  layers. 
I  state  these  facts  once  more,  because  as  yet  all  the  cell  elements  found 
between  the  fibres  of  the  membrana  propria  were  considered  as  belonging  to 
the  connective  tissue,  while  in  reality  only  a  small  part  of  them  belong  to 
this  tissue,  as  the  above  description  shows,  and  the  greater  part  must  be 
considered  as  belonging  to  the  blood  and  lymph  vessels  and  the  nervous 
system. 

Finally,  in  regard  to  the  nerves  of  the  mucous  membrane  of  the  mem- 
brana tympani,  I  must  insist  that  they  are  by  no  means  as  seldom  met 
with  as  has  been  heretofore  supposed.  Here  also  a  plexus  is  found  near 
the  vessels,  and  also  a  sub-epithelial  plexus.     The  former,  accompanying  by 


Fig.  371.  Nucleated  nerve  fibres 
which,  with  their  pear-shaped  swell- 
ings, lie  on  the  widl  of  the  capillaiy 
at  d.  Chloride  of  gold  preparation 
of  the  Human  memhrana  tympani 
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preference  the  lymph  rather  than  the  blood  vessels,  receives  its  fibres  partly 
from  the  plexus  tympanicus  by  threads,  which  pass  on  to  the  membrana 
tympani  with  the  mucous  membrane  of  the  tympanum  from  different  points 
of  the  periphery,  partly  from  those  nerves  which  lie  in  the  cutis  by  threads 
coming  through  the  membrana  propria.  It  sends  its  twigs  on  the  one 
side  to  the  blood  and  lymph  capillaries,  on  the  other  to  the  sub-epithelial 
plexus.  The  latter  forms  a  fine  network  directly  under  the  epithelium^ 
which  it  supplies  with  threads. 

B.  The  Middle  Ear 

includes  1,  the  tympanum,  with  the  ossicles  and  their  muscles  and  ligsr 
ments ;  2,  the  cells  of  the  mastoid  process,  and  3,  the  Eustachian  tube. 

The  TS/mpcmv/m. — ^The  osseous  walls  of  this  cavity,  the  structures  which 
are  found  in  it,  and  the  inner  surface  of  the  membrana  tympani  are  all 
covered  by  a  mucous  membrane,  a  continuation  of  that  lining  the  Eustachian 
tube,  which  also  passes  through  the  antrum  mastoideum  to  line  the  cells 
of  the  mastoid  process.  The  mucous  membrane  of  the  Human  tympanum  is 
composed  chiefiy  of  an  epitheliiim  and  a  layer  of  connective  tissue  beneath  it. 

The  epithelium  varies  in  its  form ;  on  the  fioor  of  the  cavity  and  also  on 
the  anterior  inner  and  posterior  walls  it  consists  chiefly  of  ciliated  columnar 
cells ;  on  the  promontory,  roof,  membrana  tympani,  and  ossicles  of  pavement 
cells  (Troeltsch).  The  change  from  one  form  to  the  other  is  gradual ;  the 
ciliated  columnar  cells  becoming  lower,  passing  into  ciliated  pavement  cells, 
and  finally  into  pavement  epithelium  destitute  of  cilia.  By  separating  the 
columnar  epithelium  and  isolating  the  cells,  chalice-like  cells,  like  those  in 
the  mucous  membrane  of  the  intestine,  and  ciliat^  columnar  cells,  with  and 
without  nuclei,  are  found ;  these  latter  without  nuclei  have  an  extremely 
small,  often  rod-like  body,  and  a  few  cilia  which  are  frequently  glued  to- 
gether. Both  the  chalice-like  and  the  columnar  cells  pass  at  their  lower 
ends  into  a  homogeneous,  glistening  thread,  and  sometimes  they  divide 
and  connect  with  two  such  threads.  On  one  preparation  I  have  been  able 
to  isolate  a  cell  with  two  processes,  one  of  which  remained  in  connection 
with  a  thread  three  times  the  length  of  the  cell  itself,  and  which  could  be 
followed  for  some  distance  into  the  connective  tissue.  By  moving  the  cover- 
ing glass,  the  cell  with  its  thread  attached  floated  free  in  the  surrounding 
liquid,  so  that  there  was  no  doubt  of  the  connection  here  described. 
Kudinger  has  also  described  threads  on  the  mucous  membrane  of  the 
Eustachian  tube,  which  are  connected  at  one  end  with  the  epithelial  cells 
and  at  the  other  with  the  submucous  tissue.  Besides  the  above-described 
forms  of  columnal  cells  a  second  spindle-shaped  form  is  found,  characterized 
by  a  nucleated  cell-body  from  which  processes  are  given  off  in  two  directions, 
upwards  and  downwards.  The  upper  process  reaches  into  the  epithelial 
region,  while  the  lower  one  passes  into  a  bright  glistening  thread  which  is 
lost  in  the  underlying  tissue,  and  which  frequently,  not  far  from  the  point 
where  it  leaves  the  cell,  is  provided  with  a  coarse  nodosity.  In  examining 
the  flattened  epithelium,  wherever  found,  it  shows  the  same  peculiarities  of 
form  already  described  on  the  epithelium  of  the  mucous  membrane  of  the 
membrana  tympanL  By  removing  the  epithelium  and  then  treating  the 
mucous  membrane  by  the  silver  me&od,  lymph  canals  are  seen  ;  if,  however, 
the  epithelium  is  not  removed,  but  the  intact  mucous  membrane  treated  with 
a  solution  of  chloride  of  gold  or  perosmic  acid,  dark  or  black  star-shaped 
figures,  communicating  with  each  other,  are  seen  directly  under  the  epithe- 
lium; these  figures  here  and  there  pass  into  broad  dark-colored  streaks 
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which  run  into  the  deeper  layers  of  tissue.  Whether  these  hitter  figures  are  to' 
be  considered  as  identical  with  those  brought  out  by  the  silver  method,  and 
whether  they  stand  in  any  closer  relation  with  the  lymph  vessels,  must 
remain  an  open  question,  as  I  cannot  bring  forward  a  decided  proof  of  their 
identity. 

In  the  connective  tissue  which  underlies  the  epithelium  two  layers  can  be 
distinguished,  an  upper,  lying  under  the  epithelium,  and  a  lower,  correspond- 
ing to  the  periosteum,  which  gives  off  some  fibres  to  the  sheaths  or  the 
nerves  which  run  in  the  depressions  in  the  bone,  and  some  also  to  the  tunica 
\  adventitia  of  the  blood-vessels  of  the  bone.  The  upper  layer  forms  a 
fibrous  frame-work,  a  continuation  of  that  already  more  minutely  described 
on  the  membrana  tympani,  and  bears  the  same  relation  to  the  periosteum  as 
that  does  to  the  membrana  propria.  It  is  composed  of  the  finest  fibrills, 
which  together  form  a  frame-work  of  ridges  and  perforated  membranes,  en- 
closing larger  spaces  filled  by  nerves,  blood,  and  lymph  vessels.  On  different 
points  of  tJ^e  tympanum  this  fibrous  frame-work  separates  from  the  perios- 
teal layer,  and  passes  from  one  projection  of  the  bone  to  another,  through  the 
free  space  of  the  cavity.  These  bridges  serve  both  as  supports  for  numerous 
capillaries  passing  from  one  point  to  another,  and  also  for  an  epithelium 
which  is  continuous  with  that  of  the  mucous  membrane.  The  ligamentum 
mallei  superius,  lig.  mallei  externum  et  posterius,  and  the  posterior  pouch  of 
the  membrana  tympani  are  formed  by  such  bridges.  The  lig.  mallei  anterius 
/x>n8ists  of  a  thick  bundle  of  fibrillea  resembli^  tendinous  tissue,  and  con- 
Btitutes  with  the  lig.  mallei  posterius  the  so-called  axis-cord  which  forms  the 
axis  of  the  hammer  (Helmholtz,  11).  The  ridges  which  stretch  across  be- 
tween the  numerous  bony  projections  on  the  floor  of  the  tympanum  should 
be  mentioned  here.  One  frame-work  of  ridges  which  I  have  frequently 
observed  in  the  neighborhood  of  the  stapes  deserves  special  mention  ;  it 
passes  from  the  eminentia  pyramidalis  over  to  the  semi-canal  of  the  tezisdt 
tympani  as  a  bony  ridge — sometimes  projecting  far  into  the  tympanum — 
and  forms,  with  the  posterior  upper  wall  of  the  cavity,  a  more  or  less  deep 
niche.  From  the  free  edge  of  this  ledge  I  have  frequently  seen  sevend 
ridges,  often  one  above  the  other,  which  stretched  across  the  niche  and  were 
inserted  on  the  base  or  posterior  arm  of  the  stapes.  On  these  ridges,  as 
well  as  on  those  on  the  floor  of  the  cavity,  and  also  on  those  passing  from 
the  roof  of  the  cavity  to  the  head  of  the  hammer  (lig.  mallei  superius) 
peculiar  bodies  exist,  which,  although  differing  from  each  other  in  external 
form,  show  the  same  histological  construction.  In  the  simpler  forms  of 
these  an  axis  band  can  be  seen  running  along  the  centre,  and  surrounded 
by  concentrically  arranged  capsules.  Tliis  axis  band  forms  a  flat  or  round 
cord  which,  running  free  for  a  longer  or  shorter  space,  passes  finally  into 
one  pole  of  a  lemon-shaped  body,  passes  out  at  the  other  pole,  and  im- 
mediately spreads  fan-shaped  into  the  perforated  membrane  already  described 
in  the  mucous  membrane.  Without  the  addition  of  coloring  matter  it  can 
be  seen  to  have  a  very  fine  fibrillary  structure,  and  between  the  fibrils  an 
opaque  finely  granulated  mass  ;  treated  with  a  solution  of  silver  or  chloride 
of  gold,  however,  it  is  colored  more  strongly  than  tKe  tissues  of  the  capsules. 
The  capsules  wluch  surround  the  axis  band  concentrically  also  have  a  fibril- 
lary structure.  Between  the  different  capsule-layei's  are  spaces  which  vp- 
pear  either  homogeneous  or  filled  with  spindle-shaped  elements ;  the  edges 
of  these  spaces  are  frequently  covered  with  a  finely  granulated  opaque  mass. 
The  outermost  capsule  layers  are  often  undulating  on  their  extemid  8iurfiM» 
and  possess  a  delicate  flattened  epithelium.  The  capsules  form  at  one  pole 
of  the  body  a  round  glistening  ring,  with  a  tunnel-shaped  depression,  where 
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the  axis  band  enters ;  at  the  other  pole  the  capsule  passes  into  the  axis 
band.  This  description  answers  for  the  simple  forms  which,  except  for  the 
structure  of  the  axis  band,  resemble  in  appearance  a  Yater's  corpuscle.  In 
addition  to  these  simple  forms  just  described,  these  bodies  may  be  so  con- 
tracted as  to  resemble  the  figure  8,  or  they  may  be  bent  at  any  angle ;  in 
either  case  they  have  the  appearance  of  two  of  the  bodies  so  united  together 
that  at  the  point  of  union  the  corresponding  capsule-layers  passed  into  each 
other.  Sometimes  an  axis  band  after  its  exit  divides  into  numerous 
branches  on  which  are  the  same  but  smaller  bodies.  Fig.  372  shows  one  of 
these  bodies  which  I  found  between  the  base  of  the  stapes  and  the  ridge 
stretching  from  the  eminentia  pyramidalis.  These  same  organic  structures 
are  found  also  on  the  mucous  membrane  of  the  mastoid  cells,  as  we  shall  see 
later,  but  they  never  reach  thei*e  such  a  marked  size  as  in  the  tympanum. 
They  may  be  round,  oblong,  or  spindle-shaped,  and  are  found  of  all  sizes, 
from  0.08-0.5  mm.  in  length. 

Although  I  am  unable  to  define  the  histological  signification  of  these 
bodies,  nevertheless,  their  presence  on  the  ridges,  and  the  close  union  of 
these  latter  with  each  other,  and  with  the  sound-conducting  apparatus  of 
the  middle  ear,  would  seem  to  show  that  they  take  some  part  in  tibe  physio- 
logy of  hearing,  the  more  accurate  determination  of  which  must  be  left  to 
experimental  physiology. 

Fig.  872. 


Fig.  872. — a,  entrance  of  the  axis  band  ;  b,  its  change  into  a  membrane  ;  e  and  d, 
branches  of  the  axis  band  with  smaller  bc^iee. 

These  bodies  were  first  described  as  pathological  formations  on  the  tympanic  mu- 
cous membrane  of  an  old  deaf  woman,  by  v.  Troeltsch  (Virch.  Arch.  Bd.vol.  xvil  p. 
60,  1859) ;  their  signification  as  physiological  stractores  was  first  determined  by  myself 
(19  and  21)  and  PoUtzer  (34  and  35). 

The  tympanic  mucous  membrane  is  nourished  from  both  sides,  receiving  its 
blood  from  different  sources.  The  chief  artery  winds  along  the  floor  and  over 
the  promontory ;  the  branches  given  off  from  it  form  round  or  elliptic  looj>s 
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along  its  coarse  and  then  pass  into  a  capillary  network  under  the  epithelium, 
"which  empties  its  hlood  through  a  capillary  venous  system  of  rapidly  in- 
creasing calibre  into  the  quite  large  veins  of  the  periosteum.  AH  of  the  ar- 
terial branches,  however,  do  not  take  this  course ;  some  run  without  divid- 
ing and  stop  suddenly  in  the  capillaries,  which — often  in  large  numbers  and 
equally  distant  from  each  other — pass  in  between  the  fibres  or  the  perforated 
membranes  and  pour  their  blood  into  the  large  veins. 

The  lymph-vessels  of  the  tympaiiic  mucous  membrane  closely  resemble 
those  on  the  membrana  tympani;  in  Man  they  form  here  and  there  a  sys- 
tem of  tubes,  which  run  chiefly  in  the  periosteum,  and  which  have  globular 
enlargements  or  strongly-marked  lateral  projections;  or  else  they  spread  out 
as  pouch-like  enlargements  in  the  cavities  of  the  fibrous  framework.  This 
tubular  system  does  not  exist  in  all  parts,  however,  but  here  and  there,  as 
on  the  upper  osseous  wall  and  roof  of  the  tympanum  ;  it  is  converted  into 
funnel-shaped  or  round  cavities  communicating  together  and  penetrated  by 
a  fine  network.  Such  a  formation  is  found  on  the  tympanic  mucous  mem- 
brane of  the  Dog,  and  will  be  more  minutely  described  hereafter.  I  found 
these  cavities  frequently  filled  with  white  blood-corpuscles,  giving  one  the 
impression  of  follicles.  The  observation  of  Thasiloff,  in  which  he  claimed  to 
have  found  a  lymph-gland  in  the  tympanic  mucous  membrane,  at  the  junc- 
tion of  the  upper  wall  of  the  cavity  with  the  membrana  tympani,  probably 
depends  on  this  appearance.  As  to  the  possible  relations  of  the  lymph-ves- 
sels to  the  epithelium  of  the  mucous  membrane,  I  cannot  go  further  than  the 
conjectures  already  given,  in  regard  to  the  figures  which  appear  under  the 
epithelium  after  treatment  with  silver  and  chloride  of  gold. 

The  nerves  which  are  distributed  in  the  mucous  membrane  of  the  tym- 
panum and  the  membrana  tympani,  and  which  can  also  be  followed  into  the 
membrane  of  the  Eustachian  tube  and  the  mastoid  cells,  arise  from  the  tym- 
panic plexus,  which  is  an  anastomosis  between  the  ganglion  oticum,  the 
ganglion  petrosum  nervi  glosso-pharyngei,  and  the  plexus  caroticus  or  gan^ 
Uon  cervicale  superius  nervi  sympathici  (Bischoff,  3). 

The  chief  nervous  branches  of  the  tympanic  plexus  consist  of  medullated 
fibres,  which  run  in  the  periosteum  of  the  lower  and  inner  wall  of  the  tym- 
panum, and  give  off  small  branches  to  the  superior  layer  of  connective  tis- 
sue lying  just  below  the  epithelium.  These  branches  form,  by  numerous 
anastomoses  with  each  other,  broad  irregular  meshes,  and  from  these  anas- 
tomoses non-medullated  fibres  are  given  off,  which  form  a  fine  network  di- 
rectly beneath  the  epithelium.  Encapsuled  ganglion-cells,  of  variable  diam- 
eter, single  or  in  groups,  lie  upon  or  are  embedded  both  in  the  chief  nerve- 
trunks  and  also  in  their  branches :  these  ganglia  are  found  not  only  along  the 
course  of  the  nerves,  but  also  at  their  points  of  division.  I  am,  therefore, 
able  to  confirm  the  assei-tions  of  Pappenheim  (32),  Kolliker  (22),  and 
Krause(23),  in  regard  to  the  extensive  distribution  of  the  ganglia,  in  oppo- 
sition to  E.  Bischoff  (3),  who  said  that  they  were  confined  to  one  branch  oiiiy 
which  ran  from  the  nervus  tympanicus.  I  should  add  here  that  in  the  Dog 
and  Cat  I  have  found  single  ganglion-cells,  provided  with  sheaths,  lying  close 
under  the  epithelium  of  the  mucous  membrane,  where  the  fine  network  al- 
ready described  is  situated. 

The  mucous  membrane  in  the  Dog  and  Cat  is  analogous  in  its  formation 
to  that  of  Man.  The  epithelium  has  the  same  forms  as  in  Man,  and  beneath 
this  is  a  fibrous  framework  corresponding  to  the  periosteum,  as  has  been  al- 
ready minutely  described.  The  chief  nervous  branches  show,  in  some  places, 
thimble-shaped  swellings,  and  in  others  deep  furrow-like  contractions  caused 
by  glistening  bands.   Large  numbers  of  ganglion-cells  are  often  embedded  in 
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and  upon  the  nerves,  and  I  found  such  ganglion-bearing  branches  directly 
under  the  cylindrical  epithelium.  On  the  side  towards  the  nerves  these 
columnar  cells  gave  off  small  processes  which  could  be  followed  into  the 
nerve-sheath,  but  in  regard  to  theii*  iinal  termination  I  am  unable  to  state 
anything  more  definite. 

The  nerves  themselves  have  another  remarkable  characteristic,  viz. :  I 
have  been  able  by  injections  to  prove  the  existence  of  capillary  blood-ves- 
sels, which  form  a  minute,  basket-like  plexus,  both  in  the  nerve-sheaths  and 
also  between  the  nerve-fibres :  this  system  of  blood-vessels  can  also  be  made 
ap()arent  by  the  chloride  of  gold  meiiiod.  By  treating  injected  preparations, 
which  have  been  previously  hardened  in  alcohol,  with  chloride  of  gold,  a 
second  system  of  tubes  which  are  not  filled  with  the  injection  will  be  made 
apparent ;  this  usually  accompanies  the  nervous  sheath  or  lies  in  it,  and  is 
distinguished  from  the  system  of  blood-vessels  by  the  existence  here  and 
there  of  round  or  spindle-shaped  enlargements,  which  are  characteristic  of 
the  lymphatic  system.  I  have  been  able  to  follow  branches  of  this  system 
through  the  nerve-sheath  into  the  nerve-fibres,  but -the  distribution  in  the 
nerve  itself  has  up  to  this  time  escaped  my  observation. 

Von  Troeltsch's  (44)  assertion,  in  regara  to  the  existence  of  mucous 
glands  in  the  Human  tympanum,  remains  as  yet  unconfirmed ;  their  exist- 
ence, however,  in  the  Dog  and  Cat  I  have  determined  satisfactorily :  in  these 
animals  they  are  glands  with  a  single  duct,  and  with  a  lining  of  columnar 
epithelium. 

The  further  disposition  of  the  nerves  and  lymphatics  in  the  tympanum 
corresponds  exactly  with  that  in  Man ;  I  desire  only  to  direct  attention  to 
the  mucous  membrane  of  the  bulla  ossea.  Here  the  mucous  membrane  alters 
its  character ;  the  medullated  nerve-fibres,  surrounded  with  sheaths  and  ly- 

Fig.  878. 


Fig.  378.  Mucous  membnne  from  the  bulla  ossea  of  a  Dog.  In  the  tissue,  spaces 
axe  visible  which  at  a  and  b  pass  into  lymph  canals,  e,  blood  vessels  filled  with  a  glu- 
tinous mass.     A  chloride  of  gold  preparation. 

ing  directly  under  the  epithelium,  become  less  frequent,  and  the  ganglion- 
cells  correspond  in  form  and  appearance  with  those  in  the  tympanum  pro- 
per. By  separating  the  epithelium  from  the  very  thin  layer  of  connective 
tissue  lying  beneath  it,  an  adenoid  network  is  found,  which,  in  some  places, 
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is  very  thick  and  has  groups  of  large  openings.  These  openings  lead  into 
funnel-shaped  or  round  spaees,  which  communicate  with  each  other  through 
holes  in  the  tissue,  and  finally  become  tubes  of  variable  width. 

These  spaces  are  again  crossed  by  a  fine  network,  and  ai^e  lined  by  a  very 
delicate  epithelium ;  they  are  sometimes  empty,  sometimes  filled  with  lymph 
corpuscles ;  large  and  small  drops  of  fat  are  also  almost  always  found  in 
them.  By  the  addition  of  a  solution  of  perosmic  acid,  these  latter  are  col- 
ored black,  and  the  course  of  the  tubes  and  the  position  of  the  spaces  is 
brought  out  sharply.  I  have  also  seen  fat  globules  in  the  veins.  Injections 
from  the  aorta  do  not  pass  into  these  spaces  and  tubes  even  when  the  blood- 
vessels are  perfectly  filled  :  from  this  circumstance,  and  from  their  form  and 
contents,  we  are  justified  in  considering  them  as  belonging  to  the  lymphatic 
system. 

I  have  sought  in  yain  in  the  literature  for  deacriptionB  of  the  lymphatic  vessels  of 
the  tympanum  ;  Prussak,  (87)  who  undertook  minute  investigations  of  the  tissue  in  the 
Dog,  denies  their  existence  entirely.  From  the  manner  in  which  the  numerous  Lizger 
veins  are  formed  from  the  capillary  network,  from  the  direct  passage  of  the  smaller 
arteries  into  the  veins,  and  from  the  simultaneous  discharge  of  the  lai^ge  veins  at 
different  places,  the  stream  of  blood  should  pass  with  sldgbt  pressure  and  great 
rapidity  through  the  vascular  system,  and  should  not  favor,  exudations  which  might 
otherwise  be  expected  from  the  slight  density  of  the  tissue  separating  the  blood-ves- 
sels from  the  tympanic  cavity,  and  from  the  absence  of  lymph-vessels.  Although 
the  arrangement  described  by  Prussak  can  be  recognized  in  the  blood-vessels  of  the 
mucous  membrane  of  the  Dog,  the  chief  reason  for  the  non-appearance  of  such  exu- 
dations is  to  be  sought  in  the  existence  of  the  lymph -vessels :  in  fact,  it  is  ea^  to 
satisfy  one^s  self  that  the  resorbent  surfaces  of  the  lymph- vessels  exceed  those  of  the 
blood-vessels.  The  lymph  vessels  lie  in  the  described  system  of  cavities  directly 
under  the  thin,  elastic,  and  easily  compressible  membrane,  and  in  considering  the 
question  of  their  action  we  should  remember  the  principles  generally  applicable  to 
the  movement  of  lymph,  and  also  the  frequent  changes  in  pressure  which  take  place 
in  the  tympanum,  since  these  variations  in  pressure  appear  well  adapted,  from  the 
mechanism  of  the  lymph-yessels,  to  suck  the  fluids  of  the  tympanic  cavity  into  the 
lymph-vessels  and  to  force  it  forward  after  entering  them.  The  assertion  of  Yolto- 
lini,  {4&)  that  a  small  quantity  of  clear  fluid  is  always  present  in  the  Human  tympa- 
nmn,  applies  equally  well  to  the  mastoid  cells,  where  I  have  also  found  it. 

Peculiar  cellular  bodies  deserve  special  mention,  which  lie  chiefly  in  the 
deepest  layer  of  the  periosteum  of  the  bulla  ossea,  close  to  and  between  the 
blood  and  lymph  vessels  lying  in  it,  but  also  pass  through  tJhe  superficial 
layer  of  connective  tissue  to  the  epithelium.  These  bodies  consist  of  a  disk- 
shaped,  round,  or  oblong  (5ell  with  several  processes.  This  cell-body  shows 
usually  a  large  nucleus  with  a  distinct  nucleolus,  or,  under  certain  circum- 
stances, many  such  nuclei,  which  again  have  several  distinct  nucleoli. 
There  is  usually  among  the  2-5  small  processes  one  that  is  lai^er  than  the 
rest.  The  larger  usually  runs  for  a  longer  or  shorter  distance,  anci  then  unites 
with  a  second  similar  cell-body ;  this  again  gives  off  processes  which  anasto- 
mose with  others,  thus  forming  a  plexus.  The  smaller  processes  divide  into 
branches,  and  finally  into  fine  threads  which,  under  favorable  circumstances, 
can  be  seen  to  unite  with  nucleated  cells.  Both  the  body  of  the  cell  and  its 
processes  appear  finely  striated  and  covered  by  a  finely  granular  mass,  the 
former  more  so  than  the  latter.  The  cells  with  a  single  nucleus  resemble 
in  their  form  the  ganglion  cells  of  the  spinal  cord,  those  with  several  nuclei 
resemble  closely  the  myeloid  cells.  Probably  the  appearance  of  the  latter 
is  caused  by  the  multiplication  of  nuclei,  but  the  change  of  the  disk-shaped 
cells  into  spherical  is  undoubtedly  owing  to  this  cause. 

Before  leaving  the  tympanic  cavity,  a  few  words  are  necessary  on  the 
ossiculs)  their  union  with  each  other,  and  the  muscular  apparatus  attached 
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-  to  tbem.  The  ossicula  are  covered  bj  a  mucous  membrane,  and  in  adults 
by  a  very  thin  periosteum ;  they  have  a  compact  external  and  a  spongy  internal 
substance.  The  latter  is  crossed  by  numerous  vessels  which  pass  through 
the  compact  substance  and  unite  with  the  periosteum  and  the  vessels  of  the 
mucous  membrane.  On  the  head  and  neck  of  the  hammer  and  on  the  body 
of  the  anvil  the  spongy  substance  is  increased  at  the  expense  of  the  compact 
substance,  while  on  the  long  and  short  proofs  of  the  anvil  and  on  the  han- 
dle of  the  hammer  the  opposite  takes  place.  The  articulating  surfaces  of  the 
ossicula  resemble  other  true  joints ;  they  have  capsules  and  a  layer  of  hya- 
line cartilage  on  the  articulating  surface. 

The  insertion  of  the  btirrup  in  the  fenestra  ovalis  will  be  more  minutely 
described  with  the  tissues  of  the  vestibule. 

The  muscles  of  the  ossicula  are  striated  and  covered  with  mucous  mem- 
brane wherever  they  pass  through  the  tympanic  cavity.  The  tensor  tym- 
pani  muscle  is  connected  with  the  dilatator  tubee  not  only  by  tendinous 
fibres,  as  Majer  (37)  thought,  but  also  by  muscular  fibres,  as  has  been  already 
described.  At  the  point  of  insertion  of  its  tendon  on  the  hammer  cartilage, 
cella  ai-e  inserted. 

Cells  of  the  Mastoid  Process. 

The  mastoid  cells  are  lined  by  a  very  thin  mucous  membrane,  a  contin- 
uation of  that  in  the  tympanum,  which  has  in  general  the  same  anatomical 
structure  as  in  that  cavity.  Its  epithelium  consists  of  smooth  cells  of  the 
same  consistency  and  arrangement  as  those  more  minutely  described  on  the 
membrana  tympani.  Under  this  an  upper  and  a  lower  layer  of  connective 
tissue  corresponding  to  the  periosteum  is  met  with,  the  lower  layer  con- 
taining numerous  nerves,  blood  and  lymph  vessels.  The  upper  layer  of 
connective  tissue  frequently  separates  in  the  form  of  membranes  on  the 
free  edges  of  the  cells,  and  pas^s  over  to  neighboring  projections  of  bone 
and  is  thera  inserted,  so  that  in  this  way  frequently  the  cavities  of  two 
neighboring  cells  are  separated  from  each  other.  In  the  larger  cells  these 
membranes  are  stretched  horizontally  like  curtains  by  means  of  processes 
-which  arise  from  them.  On  the  ridges  of  the  membrane  the  concentrically 
arranged  organs  already  described  are  frequently  found  (I  have  counted  as 
many  as  seven).  They  never  here  reach  as  great  a  size  as  those  in  the 
tympanum,  but  are  much  richer  in  interesting  forms ;  they  vary  in  size, 
from  the  smaller  spindle-shaped  forms  to  the  larger  round,  club-shaped,  and 
flattened  forms.  I  have  frequently  found  membranes  with  their  processes 
and  the  bodies  attached  to  them  in  the  aditus  ad  cellulas,*  and  have  also 
seen  the  processes  in  direct  union  with  the  short  process  of  the  anvil. 
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II.    THE  EUSTACHIAN  TUBE. 
Bt  Prof.  RUEDmGER,  or  Munich. 

In  the  different  animals  and  in  Man  the  Eustachian  tube  is  formed  on  a 
peculiar  morphological  plan,  by  a  modification  of  the  elements  of  its  various 
structures. 

Although  the  resemblance  of  the  different  portions  of  the  tube  in  different 
animals  is  close,  yet  their  minute  differences  of  form  appear  so  characteristic, 
that  from  a  section  of  the  Eustachian  tube  the  animal  from  which  it  is 
taken  can  be  designated. 

As  a  mechanical  apparatus  composed  of  cartilaginous  and  muscular  struc- 
tures, the  tube  is  closely  related  physiologically  to  the  tympanum.  In 
addition  to  conducting  away  its  own  secretion  and  that  of  the  vascular 
mucous  membrane  of  ^aa  cavity,  it  is  also  able  to  produce  a  ventilation  of 
the  cavity  by  means  of  the  mechanism  which  it  contains. 

Whether  the  Eustachian  tube  plays  an  important  physiological  rdle  in  the 
conduction  of  sound  in  the  tympanum,  and  whether  it  has  any  connection 
with  the  voice,  and  if  so,  what  this  is,  cannot  be  satisfactorily  answered  from 
the  study  of  its  comparative  morphology.  The  final  determination  of  these 
questions  must  remain  for  experimental  investigations. 

1.     The  osseous  and  cartilaginous  tube. 

The  osseous  Eustachian  tube  in  Man  forms  a  long  triangular  fissure,  the 
greater  diameter  of  which  lies  almost  perpendicularly.  The  base  of  the 
triangle,  which  is  directed  upward,  is  bounded  by  a  thin  lamella  of  bone, 
which  sometimes  completely  separates  the  tube  from  the  round  semi-canalis 
tensoris  tympani.  When  this  bony  lamella  is  broad,  it  bends  anteriorly 
somewhat  upwai'ds,  so  that  the  upper  end  of  the  tube  has  a  less  diameter 
and  lies  in  front  of  the  osseous  semi-canal.  The  medial  opening  of  the 
osseous  tube,  at  its  point  of  union  with  the  cartilage,  is  jagged  and  oblique, 
the  bone  on  the  medial  side  passing  farther  back  than  on  the  lateral  side  of 
the  tube,  and  this  fact  should,  as  Henle  has  stated,  be  remembered  in  con- 
sidering the  insertion  of  the  cartilage  in  the  bone. 

If  cross-sections  are  made  on  a  temporal  bone  carefully  deprived  of  its  lime, 
and  with  which  the  Eustachian  tube  still  remains  connected,  beginning 
through  the  medial  section  of  the  tympanum,  and  then  here  and  there  down 
the  tube,  so  that  the  sections  fall  at  right  angles  to  its  long  axis,  we  can  see 
the  gradual  transition  of  the  tympanum  into  the  osseous  tube,  and  the 
relations  of  this  latter  to  the  cartilaginous  tube. 

From  this  it  is  seen  that  the  tubal  cartilage,  which  sinks  into  the  jagged 
ends  of  the  bone,  forms  a  simple  prolongation  of  the  walls  of  the  osseous 
tube ;  the  hyaline  cartilage,  however,  wMch  forms  the  tube,  is  not  united 
•  directly  with  the  bone,  but  a  fibrous  cartilaginous  tissue  is  inserted  between. 
This  fibrous  tissue  passes  into  the  hyaline  cartilage,  and  from  this  fact,  C. 
F.  Th.  Ki'ause  was  led  to  think  that  the  upper  end  of  the  tube  was  fibi-ous 
cartilage.  It  must  be  granted  that  the  two  varieties  of  tissue  on  this  spot 
do  not  appear  sharply  defined,  since  the  fibro-cartilago  basilaris  also 
passes  here  and  there  into  the  tubal  cartilage. 

The  cartilage  in  the  neighborhood  of  the  osseous  tube  has  the  form  of  a 
thin  plate,  bent  at  right  angles,  with  a  horizontal  portion,  and  a  thinner, 
perpendicular,  lateral  portion.     On  the  medial  side  there  is  no  cartilage, 
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because  the  medial  posterior  wall  of  the  osseoas  tube  is  longer  than  the 
lateral,  and  hence  at  this  point  the  medial  side  is  formed  bv  bone,  while  on 
the  opposite  side  the  lateral  cartilaginous  plate  appears. 

From  these  cross-sections  it  is  further  evident  that  the  transition  of  the 
osseous  into  the  cartilaginous  tube  is  a  very  gradual  one.  At  some  dis- 
tance from  the  osseous  tube  cartilage  cells,  at  first  single  and  then  in  greater 
numbers,  are  found  in  the  dense  fibrous  tissue.  The  hook-shaped  cartilage 
of  the  Human  Eustachian  tube,  wliich  is  attached  to  the  base  of  the  skull  bj 
means  of  the  so-called  fibro-cartilago  basilaris,  is  quite  thick,  and  consists  of 
a  non- vascular  hyaline  cartilage,  as  Kolliker  has  said.  Its  hyaline  substance 
is  crossed  by  a  few  fibres  and  encloses  island-like  groups  of  round  and  oval 
caiiilage  cells  of  difierent  sizes,  the  larger  of  which  contain  two  or  more 
nuclei,  the  smaller  only  one.  Towards  the  surface  the  cartilage  oelb 
become  gradually  smaller,  and  a  layer  of  nucleated  connective  tissue,  cor- 
responding to  the  perichondrium,  is  found.    Between  the  perichondrium  and 

Pig.  874. 


Fig.  874. — TiansYerse  section  of  Eustachian  tube  and  BozroaDding  parts.  1,  me- 
dian cartilaginous  plate ;  2,  lateral  cartilaginouB  hook  ;  8,  moacoliis  dilator  tabc ; 
4,  moacalus  levator  veil  palatini ;  5,  fibro-oartili^  basilaria ;  6  and  7,  acinooa  glazidi ; 
8,  deposit  of  fat  in  the  Uteral  wall ;  9,  safety  tube ;  10,  aooeaaory  fiasuze ;  11,  fold  of 
the  mucous  membrane ;  12,  adjaoeut  tissuee. 

the  true  substance  of  the  cartilage  no  sharp  boundary  line  exists,  but  the 
one  variety  of  tissue  passes  gradually  into  the  other.  This  connective  tis- 
sue, which  furnishes  a  passage  to  the  vessels,  passes  at  some  points  more 
or  less  deeply  into  the  cartilage  substance,  so  that  it  forms  on  cross-section 
island-like  groups,  which  in  cattle  enclose  small  acinous  glands.  On  the 
lateral  blunt  end  of  the  cartilage-hook  the  fibrous  layer  is  thicker  than  on 
other  parts,  partly  owing  to  the  fact  that  the  tendon  of  the  mus.  dilatator 
tubffi  is  inserted  here. 
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In  the  Quadnimana,  and  also  in  the  Yolitantia,  the  cartilage  ai  the  Eus- 
tachian tube  more  closely  resembles  the  true  hyaline  variety  than  it  does  in 
Man,  since  the  fibroiu  substance,  particularly  in  the  Bats,  nearly  disappears, 
and  tlie  hyaline  substance  is  found  with  quite  large  cartilage  cells. 

This  is  also  true  of  the  Eustachian  tube  in  the  Rodentia,  the  Pachydermata, 
and  Ruminantia.  In  the  latter,  the  scattered  cartilage  cells  are  small,  and 
the  whole  cartilage  appears  composed  of  several  pieces.  The  external  form 
of  the  cartilage  also  varies  in  a  marked  degree  in  the  different  animals.  In 
the  Talpa  Europea,  Arctomys  marmota,  Canis  vulgaris,  Mustela  martes, 
and  Lutra,  it  forms  either  a  simple  cartilaginous  lamella  or  a  cylindrical  rod 
on  the  medial  side  of  the  tube :  in  the  Lutra  deposits  of  lime  are  embedded 
in  it.  In  the  Dog,  Martin,  and  Otter  the  tissue  surrounding  the  cartilage 
consists  of  layers  of  connective  tissue  mixed  with  elastic  fibres.  In  the 
Felis  domestica,  Felis  leo,  Fells  tigris,  the  cartilage  is  confined  to  one  end  of 
the  tubal  fissure,  and  has  the  form  of  a  hook.  The  remaining  portion  of  the 
tube  in  all  of  these  animals  is  enclosed  by  interweaving  fibrous  tissue  which 
on  the  medial  side  contains  small  cartilaginous  lamell». 

In  the  tubal  cartilage  of  Man  I  have  observed  several  times  a  high  degree 
of  fatty  infiltration,  from  which  it  appeared  in  all  its  measurement  two  or 
three  times  larger  than  normal ;  each  cartilage  forms  projecting  swellings 
on  the  wall  of  the  pharynx. 

2.  The  Musculab  (Membranous)  Portion. 

I  have  already  said  that  the  designation  membranous  portion  of  the  tube 
was  an  uncertain  one,  since  it  suggests  the  mucous  membrane,  which  by  no 
means  belongs  to  one  portion  of  the  Eustachian  tube,  but  exists  throughout 
its  whole  extent,  and  is  united  both  with  the  cartilage  and  the  muscles.  It 
might,  however,  be  retained  without  particular  disadvantage  if  the  use  of 
the  expression  was  once  fixed  to  designate  that  portion  of  the  tube  not  sur- 
rounded by  cartilage ;  such  a  limitation  of  the  term  would  be  particularly 
applicable  to  the  Eustachian  tube  of  some  animals.  Nevertheless,  if  we  are 
not  inclined  to  be  'particular  in  retaining  this  name,  it  would  be  advanta- 
geous to  give  up  this  designation  for  Man  and  many  animals,  and  to  call 
that  portion  of  the  tube  of  which  we  are  speaking  the  muscular  portion. 

I  am  well  aware  that  we  have  to  deal  here  with  muscles  which  do  not  be- 
long alone  to  the  tube,  and  that  the  morphological  nature  of  this  portion  of 
the  tube  is  not  exactly  expressed  by  this  name.  There  is  no  absolute 
reason,  however,  that  the  nature  of  the  tissue  should  be  expressed  in  the 
name,  and  it  seems  to  me  there  is  no  other  resource  except  to  name  this 
portion  from  the  muscles  which  are  in  such  close  morphological  and  physio- 
logical relation  to  it. 

As  I  consider  the  layer  of  tissue  between  the  muscles  and  mucous  mem- 
brane as  the  sub-muoosa,  we  have  in  a  histological  point  of  view  only  a  few 
points  to  speak  of  in  regard  to  the  muscular  portion  of  the  tube.  In  order 
to  understand  perfectly  the  relations  of  the  voluntary  muse,  dilatator  tubte 
to  the  cartilage,  cross-sections  must  be  made  through  the  tube,  with  its 
osseous  surroundings,  which  have  been  previously  deprived  of  lime,  and 
these  sections  must  be  made  in  such  a  way  tiiat  they  shall  run  parallel  with  the 
muscular  fibres.  On  such  sections,  which  may  be  quite  thick,  it  is  seen  that 
the  muse,  dilatator  tube  is  without  doubt  inserted  only  on  the  blunt  end  of 
the  cartilaginous  plate  along  the  whole  length  of  the  Eustachian  tube.  Its 
dat  tendon  is  bounded  in  the  Human  tube  by  the  sub-mucosa,  and  receives 
on  its  outer  side  the  striated  muscular  fibres ;  as  it  passes  upwards  it  unites 
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witli  the  perichondrium  of  the  end  of  the  hook.  There  is  no  doubt  that  in 
the  Human  tube  the  dilatator  tubse  dhows  no  direct  transition  into  the  mu- 
cous membrane.  Even  in  those  cases  in  which  there  is  an  appearance  as 
though  the  muscle  united  with  the  mucous  membrane  in  the  neighborhood 
of  the  cartilage,  still  cross-sections  show  that  an  isolated  bit  of  cartilage  is 
connected  with  the  point  of  the  hook  by  means  of  dense  tissue. 

That  a  direct  transition  of  the  muse,  dilatator  tubie  into  ihe  tensor  tjm- 
pani  takes  place,  as  ▼.  Troeltsch  and  L.  Mayer  state,  I  have  been  able  to  con- 
film,  not  only  in  regard  to  the  tendons,  but  also  the  striated  muscular  fibres 
of  both  muscles,  both  on  cross-sections  and  from  surface  views.  The  mus- 
cular portion  of  the  tube  in  Apes  is  strongly  developed,  particularly  the 
muse,  dilatator  tubse,  which  is  only  attached  to  the  blunt  end  of  the  lateral 
cartilaginous  plate.  I  have  deprived  the  bones  of  an  Ape^s  head  of  lime  and, 
making  sections  through  the  tubes  and  their  surroundings,  have  found  that 
the  muse,  dilatator  tubsB  does  not  pass  beyond  the  limits  of  the  lateral  car- 
tilage. The  muscles  bear  this  same  relation  to  the  cartilage  in  the  Hog,  the 
Horse,  the  Bed  Deer,  the  Fallow  Deer,  etc. ;  an  exception  to  this  arrange- 
ment is  found  in  those  animals  in  which  no  cartilage  exists  on  the  lateral 
side  of  the  Eustachian  tube,  such  as  the  Woodchuck,  the  Dog,  Martin, 
Luti-a,  and  Cat. 

In  these  animals  the  dilatator  tub»  is  directly  connected  with  the  dense 
sub-mucous  tissue.  I  should  state  that  in  the  Horse  two  voluntary  muscles, 
the  so-called  levator  and  tensor  palatini,  pass  into  the  lateral  portion  of  the 
cartilage.* 

The  muse,  levator  veli  palatini  bears  a  peculiar  topographical  relation  to 
the  Eustachian  tube,  since  it  passes  up  to  the  pars  petrosa  on  the  floor  of 
the  tubal  fissure  close  to  the  mucous  membrane,  and  is  attached  not  only  on 
the  bone,  but  also  with  some  of  its  fibres  on  the  thickened  sub-mucosa  of  the 
mucous  membrane. 

On  the  Eustachian  tube  of  the  Red  Deer  a  special  striated  muscle  exists, 
which  is  attached  on  the  medial  side  of  the  tube.  In  the  Stag  it  is  strongly 
developed.  Its  separate  bundles,  surrounded  by  fat,  pass  to  the  medial  mu- 
cous membrane,  and  form  a  close  union  with  this,  its  tendon  being  con- 
tinued directly  into  the  fibrous  layer  of  the  sub-mucosa.  It  serves  to  fix 
the  mucous  membrane,  which  is  destitute  of  cartilage,  and  I  have  named  it 
dilatator  tub»  medialis.f 

3.  The  Mucous  Membbakb. 

The  mucous  membrane  of  the  osseous  Eustachian  tube,  which  sinks  to 
variable  depths  into  the  uneven  surfaces  of  the  bone,  varies  in  thickness 
between  0.080-0.112  mm.  On  cross-sections  through  the  osseous  tubes  no 
boundary  between  the  periosteum  and  the  mucous  membrane  can  be  recog- 
nized. A  finely  fibred  nucleated  connective  tissue  is  in  close  union  with 
the  substance  of  the  bone,  and  from  it  processes  pass  into  the  interior  of  the 
bone.  At  a  short  distance  from  the  bone  the  connective  substance  becomes 
somewhat  looser,  and  encloses  a  coarse  network  of  vessels  which  are  distri- 
buted not  only  in  the  mucous  membrane  but  also  in  the  substance  of  the 
bone.  It  reaches  a  marked  consistency  in  the  neighborhood  of  the  project- 
ing bony  ridges,  and  also  on  the  floor  of  the  osseous  tube,  where,  on  cross- 
section,  larger  or  smaller  vessels  are  met  with,  which  here  and  there  pass  to 

*  Blldinger,  BeUrage  zur  AnnUmie  und  HkUHogie  der  Ohrtrompete, 
t  Radmg«ir,  loc.  cit.    Figs.  42  and  43. 
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the  cartila^ous  tube.     At  some  points  the  basal  membrane,  with  its  cili- 
ated epithelium,  joins  the  loose  sub-mucosa.    At  other  points  of  the  mucous 

Fig  875. 


Fig.  875.    Section  of  the  osseous  Enstachian  tabe.    1,  dilated  epitheliam  in  sev- 
eral layers ;  2,  conc^obnlate  gland  snbstanoe ;  8,  periosteum ;  4,  bone.     •*-{ ^. 

membrane,  most  frequently  under  the  osseous  lamella,  which  separates  the 
Eustachian  tube  from  the  semi-canalis  tensoris  tympani,  thickly  crowded 

Fig.  876. 


Fig.  376.     Section  of  the  upper  third  of  the  Eustachian  tube.    1,  medial  cartilage ; 
2,  lateral  cartilage  hook ;   8,  perichondrium ;  4^  sub-mucosa ;   5,  insertion  of  the 
dilatator  tnb«e ;   6,  safety  tube ;   7,  lateral  projection  of  the  muoous  membrane 
8,  medial  projection  of  the  mucous  membrane ;  9,  aooenory  flasure.     ^f  ^. 
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lymph  corpuscles  are  found  in  a  finely  fibred  reticulum,  and  we  have  here 
before  us  the  layer  of  tissue  wliich  in  the  pharynx  and  intestine  has  been 
described  as  conglobulate  gland  substance.  It  forms  a  layer  varying  in 
thickness  from  0.040-0.056  mm.,  an<l  lies  next  the  basal  membrane  with 
its  ciliated  epithelium  (v,  fig.  375).  This  basal  membi*ane  has  a  thickness 
of  0.028  mm. 

The  pale  thin- walled  vessels  remain  to  be  described,  which,  net-like,  pass 
through  the  sub-mucosa,  and,  in  sections  of  injected  preparations,  are  found 
to  contain  none  of  the  injected  mass,  so  that  we  are  compelled  to  consider 

Pig.  877. 


Fig.  877.  Section  from  the  upper  third  of  the  Human  Eustachian  tube.  1,  8, 
cartilage ;  8,  muse,  dilatator  tube ;  4,  lateral  snb-muoosa ;  5,  medial  projection  of 
the  mucous  membrane  with  its  vessels ;  6,  lateral  projection  of  the  mucous  mem- 
brane with  its  yessels ;  7,  large  vessel  on  the  roof  of  the  tube;  8,  safety  tube  with 
the  mucous  membrane ;  9,  accessory  fissure.  ^^K 

them  lymph  vessels.  All  the  other  large  openings  and  fissures  which  in 
the  submucosa  communicate  with  each  other  appear  on  such  preparations 
as  blood-vessels.  On  the  floor  of  the  osseous  Eustachian  tube  fine  folds  of 
variable  form  are  found,  such  as  I  have  already  described  in  another  place, 
and  on  section  these  appear  as  villous  projections. 

In  the  cartilaginous  portion  of  the  Eustachian  tube  the  mucous  mem- 
brane and  the  space  enclosed  by  it  varies  in  many  points  from  that  described 
in  the  osseous  portion,  as  acinous  mucous  glands,  and  peculiar  folds  are 
found  here  which  are  closely  related  to  the  mechanism  of  the  tube. 

In  the  Human  adult  I  have  distinguished  t^  o  portions  in  the  tubal  fissure. 
I  have  named  the  semi-cylindrical  space  under  the  hook  of  the  cartilage 
mfeiy  tube  and  the  fissure  connecting  with  it  the  accessory  fissure.     These 
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two  designations  best  express  their  physiological  use.  Both  divisions  are 
produced  by  the  configuration  of  the  cartilage,  and  are  separated  from  each 
other  by  projections  of  the  mucous  membrane.  While  on  the  concavity  of 
the  hook  the  mucous  membrane  is  chiefly  in  the  same  condition  as  in  all 
pneumatic  canals,  that  is,  firmly  attached  to  the  tissues  about  it,  and  only 
having  folds  at  certain  definite  spots,  at  that  point  where  the  accessory 
fissure  begins  fold-like  projections  are  ]>roduced  between  this  fissure  and  the 
safety  tube ;  these  vary  in  size  and  form  in  different  individuals.  In  the 
majority  of  cases  the  fold  on  the  lateral  side  is  more  marked  than  that  on 


87a 


Fig.  878.  Section  of  the  middle  third  of  the  Human  Bastaohian  tube.  1, 3,  cartilage ; 
3,  mu8C.  dilatator  tube ;  4,  folds  of  the  mucons  membrane  ander  the  cartUage  hook ; 
5,  small  folds  of  muoous  membrane  in  the  aocesaory  fissure ;  6,  ■ab-macoaa. 

the  medial ;  the  opposite  arrangement,  however,  may  be  observed,  and  just 
so  fHr  as  these  folds  project,  so  far  the  safety  tube  is  incapable  of  closing. 
A  closure  of  the  safety  tube  is  first  possible  at  the  point  where  the  bend  of 
the  cartilage  becomes  narrower,  and  the  mucous  membrane  is  no  longer  in 
such  close  union  with  it. 

'fhb  point  is  found  about  the  middle  of  the  Eustachian  tube,  where  the 
mucous  membrane  has  a  slight  undulating  outline,  as  is  shown  in  fig.  378 
The  configuration  of  the  cartilage  renders  it  possible  here  for  the  surfaces  of 
the  mucous  membrane  to  lie  in  contact,  when  the  relaxation  of  the  muscles 
allows  the  elasticity  of  the  two  cartilaginous  plates  to  bring  the  sui*faces  to- 
gether. When  under  the  microscope  a  fissure  is  seen  in  the  centre  of  the 
section,  it  should  be  distinguished  from  the  oval  or  semicylindrical  open- 
ings found  under  the  hook  of  the  cartilage  in  the  upper  third  of  the  section. 

The  safety  tube  is  very  well  marked  in  the  feline  race,  in  the  Horse, 
62 
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Fallow  Deer,  Sheep,  Goat,  Calf,  Heifer,  Kabbit,  and  Hare ;  on  the  other 
hand,  it  is  not  found  in  the  form  just  described  in  the  Apes,  the  Woodchuck, 
Dog,  Marten,  Hog,  and  Otter. 

In  the  Sheep,  Red  Deer,  Goat,  and  Calf  fine  folds  are  met  with  on  the  con- 
csLvity  of  the  cartilage,  which  were  described  by  me  in  1867  and  1868  ;  they 
do  not  however  extend  along  the  whole  length  of  the  tube,  but  are  confined 
to  its  upper  portion.  Many  such  folds  are  seen  in  the  Sheep,  Goat,  and 
Calf,  but  in  the  Heifer  they  have  united  in  a  single  projection. 

The  greatest  projection  in  the  Calf  measures,  from  its  base  to  its  point, 

Fig.  879. 


Fig.  379.  Section  of  the  cartilaginous  Eustachian  tube  of  the  Ox.  1,  medial  oartfla 
ginooB  plate  ;  2,  a  long  process  directed  towards  the  medial  line ;  3,  hook-shaped  car 
tilage ;  4,  lateral  end  of  the  cartUage ;  5,  muse,  dilatator  tube ;  6,  safety  tube  witii 
the  fold  of  the  mnooos  membrane ;  7.  wide  part  of  the  Eustachian  tube  at  the 
beginning  of  the  acoessory  fissure ;  8,  accessory  fissure. 

0.042-0.064  mm.,  and  in  the  Ox,  0.080-0.096  mm.,  so  that  from  these 
measurements  it  is  apparent  that  we  are  dealing  only  with  differences  of  size 
of  one  and  the  same  tissue  at  dififerent  ages.  It  is  highly  probable  that 
the  folds  on  the  concavity  of  the  cartilage  serve  to  render  it  movable^  and 
we  may  also  assume  that  these  never  in  life  reach  the  size  in  which  they  are 
found  after  death. 

Along  the  accessory  fissure  in  the  pharyngeal  portion  of  the  Eustachian 
tube,  where  the  surfaces  of  the  mucous  membrane  are  in  apposition  during 
relaxation  of  the  muscles,  numerous  folds  are  found  which  have  been  de- 
scribed by  Huschke  and  F.  Arnold,  lliese  are  also  related  to  the  mechanism 
of  the  tube,  since  they  are  found  preferably  at  that  point  wheie  the  medial 
cartilaginous  lamella  has  the  greatest  degree  of  mobility.  They  are  found 
with  modifications  in  the  majority  of  animals  which  have  been  examined, 
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and  have  reached  their  highest  degree  of  development  in  \he  tube  of  the 
Woodchuck  and  the  Otter,  in  which  only  a  simple  curved  fis&ure,  without 
safety  tube,  exists. 

A  peculiar  formation  is  seen  in  the  Eustachian  tube  of  Bats  and  Horses, 
where  the  mucous  membrane  forms  a  lateral  pocket  or  open-air  cavity,  sur- 
rounded by  muscles  and  glands  {v,  fig.  381). 

In  the  Bat  this  sac  has  a  long  rectangular  shape,  produced  by  the  glands 
and  muscles,  which  unite  with  it  externally. 

In  the  Horse  the  wide  safety  tube  is  separated  from  the  accessory  fissure 


Fig.  380.  Mncons  membrane  with  the  neighboring  glands  and  folds  from  the 
aoceflsory  fissnre  of  Man.  1,  strongly  developed  folds  of  mucous  membrane,  with  a 
fibroos  layer,  which  encloses  many  nuclei,  and  which  lies  just  below  the  epithelial 
layer ;  2,  sub-mucous  fibrous  layer  j  3,  acinous  glands ;  4,  their  excretory  passages, 
with  a  transitional  epithelium ;  5,  ciliated  epithdium  on  the  lateral  wall. 

by  a  strongly  developed  projection  of  the  mucous  membrane,  which  is  con- 
tinued into  the  air-sac.  This  sac  reaches  almost  the  whole  length  of  the 
tube,  and  the  air-sacs  of  the  two  Eustachian  tubes  reach  to  the  medial  line 
in  front  of  the  vertebrsB  and  are  contiguous  to  the  base  of  the  skull,  and 
to  the  transverse  processes  of  the  first  two  cervical  vertebrie. 

The  histology  of  the  mucous  membrane  is  as  follows :  its  inner  sur&ce 
has  on  all  sides  a  ciliated  epithelium  of  several  layers,  which  is  0.020  mm. 
thick.  In  this  epithelium,  both  in  the  osseous  and  in  the  cartilaginous 
tube,  two  varieties  of  cells  may  be  distinguished. 

Those  on  the  free  surface  stand  close  together,  are  broad  on  the  ciliated 
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surface  and  become  narrower  toward  the  other  end,  which  passes  into  the 
deep  cell-layer.  The  cells  of  this  deeper  layer  are  broad  on  the  basal  mem- 
brane and  their  smaller  ends  are  inserted  between  the  cells  of  the  superficial 
layer.  The  nuclei  of  the  former  are  long,  those  of  the  latter  rounder, 
smaller,  and  much  more  succulent.  F.  E.  Schultze  has  described  also 
chalice-like  cells  in  the  epithelium  of  the  Eustachian  tube,  and  whenever  I 
have  examined  my  finest  sections  with  reference  to  these  cells,  I  have  found 
between  the  cylinder  cells  quite  broad  openings,  at  regular  distances  from 
each  other,  the  arrangement  of  which  nearly  corresponds  with  what  have 
been  described  and  figured  as  chalice-like  cells. 

• 

Fig.  881. 


Fig.  881.  Seotlon  of  the  BustMhian  tube  from  Yespartilio  muzinns.  1,  medial  car- 
tilaginoufl  plate ;  3,  thin  hook  ;  8,' lateral  end  of  the  hook  ;  4,  oral-ahaped  safety 
tube }  5«  aooesBOiy  fissnre ;  6,  rectangnlar  air-sac ;  7,  masa  levator  veli  palatini ; 
8,  thick  glandular  layer;  9,  excretory  daot  of  the  g^and. 

Next  the  epithelium  and  basal  membrane  is  a  fibrous  layer  containing 
numerous  nuclei,  which  varies  in  its  nature  in  the  osseous  and  cartilaginous 
tube.  The  layer  of  connective  tissue  in  the  cartilaginous  Eustachian  tube 
alternates  in  thickness  with  the  glandular  layer ;  where  the  gland  substance 
is  strongly  developed,  as  in  the  neighborhood  of  the  accessory  fissure,  the 
fibrous  layer  diminishes ;  where  the  glands  are  entirely  wanting,  as  in  the 
safety  tube,  the  fibrous  layer  is  distinct  A  thick  entangled  connective 
tissue  of  considerable  consistency  appears  in  the  upper  part  of  the  osseous 
tube,  under  the  lateral  portion  of  the  cartilage,  and  with  this  layer  the 
tendinous  fibres  of  the  muse,  dilatator  tubn  are  here  and  there  interwoven. 
At  this  point  also  on  the  floor  of  the  accessory  fissure  a  thick  connective 
tissue  exists,  with  which  the  tendinous  fibres  of  the  muse,  levator  vdi 
palatini  are  partly  interwoven.     It  may  be  said  that  here  the  upper  end 
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of  the  Eustachian  tube^  near  the  bone  and  the  cartilage  hook,  receives  a  stiff 
frame  on  which  the  muscles  can  exert  a  very  slight  influence.  Passing 
farther  downwards,  a  distinct  boundary  is  found  between  the  flat  tendon 
of  the  dilatator  tub«B  and  the  sub-mucous  connective  tissue,  and  deeper 
still  a  layer  of  fat  is  situated. 

The  mucous  glands  are  entirely  wanting  in  the  neighborhood  of  ihe  safety 
tube,  throughout  the  whole  length  of  the  Eustachian  tube.  On  the 
middle  portion  of  the  accessory  fissure  the  acinous  glands  form  a  layer  be- 
tween the  medial  cartilaginous  plate  and  the  mucous  membrane,  and  this 

Fig.  882. 


Fig.  882.  The  oartUage  united  with  the  mucous  membnuie  of  the  safety  tube. 
1,  (Siiated  epitheliiun;  2,  sab-muooM:  8,  thick  fibroos  layer;  4,  periohondrium ; 
5,  oartilage  oeUs  with  small  oblong  nuclei ;   6,  group  of  fibres  wiUi  cartilage  cells. 

becomes  gradually  thicker  as  you  pass  downwards.  Glandular  lobules  are 
found  also  on  the  lateral  side  of  the  tube,  between  the  dilatator  tubae  and  the 
epithelium,  and  reach  at  some  points  as  far  as  the  blunt  end  of  the  lateral  car- 
tilage. The  mucous  glands  do  not  difier  in  their  formation  from  those  of  the 
pha^nx  and  oesophagus.  The  single  acini  by  aggravation  form  larger  ones, 
and  their  quite  broad  excretory  passages  enter  the  tube  at  different  points. 
The  epithelium  of  these  passages  is  a  transitional  form  between  the  epithe- 
lium of  the  mucous  membrane  and  that  of  the  glandular  lobules.  The 
round  or  oblong  acini  are  so  filled  with  wedge-shaped  epithelial  cells  that 
only  a  small  cavity  is  left  in  their  centre. 
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In  the  different  dasaes  of  animala  the  acinous  mucong  glands  show  a 
very  great  variation  in  size  and  number.  In  the  Apes,  Bats,  Woodchucks, 
Sheep,  and  Goats  they  form  a  thick  lajer  confined  either  to  certain  spots 
or  to  the  whole  central  and  medial  side  of  the  accessory  fissure ;  in  all  the 
other  animals  which  I  have  examined  they  appear  reduced  to  a  thin  layer 
in  the  sub-mucosa.  Histologically  I  can  recognize  no  difference  in  the 
lob\iles  except  in  their  size. 

4,  Nerves. 

In  the  nerves  of  the  mucous  glands  of  the  Human  Eustachian  tube  I 
have  already  described  groujjs  of  ganglion  cells.  The  nerve  bundles, 
consisting  of  fibres  with  a  double  outline  which  arise  from  the  plexus 
tympanicus  and  the  plexus  pharyngeus,  form  a  coarse  network  which  con- 
tains ganglion  cells  in  variable  numbers  at  those  points  where  the  bundles 
meet.  The  ganglion  cells  are  of  different  sizes,  and  their  processes  unit*; 
with  the  primitive  fibres.  These  ganglia  correspond  to  those  which  occur 
in  the  branchlets  of  the  plexus  promontorii  (E.  Bischoff ),  and  inasmuch 
as  the  nerves  of  the  Eustachiau  tube  are  to  a  great  extent  reinforced  from 
this  very  plexus,  with  branches  which  also  contain  sympathetic  fibres,  their 
morphological  relation  to  the  plexus  tympanicus  (W.  Krause)  can  hardly 
be  denied,  although  in  accepting  this  view  we  do  not  exclude  the  possibility 
of  their  being  functionally  related  to  the  mucous  glands. 

5.  Vessels. 

The  vessels  of  the  Eustachian  tube  arise  from  two  different  sources, 
from  the  vessels  of  the  tympanum,  and  from  those  of  the  pharjrngeal  wall. 
The  latter  show  nothing  peculiar  in  their  arrangement,  but  correspond  in 
their  relations  with  the  capillaiies  of  the  pharynx. 

The  former,  on  the  contrary,  run  firat  as  laige  arterial  branches  in  the 
direction  of  the  tube,  along  both  its  floor  and  also  the  safety  tube,  and 
on  cross-sections  they  are  found  to  be  confined  to  certain  positions.  Two 
vessels  of  variable  size  are  seen  in  the  projections  of  the  mucous  mem- 
brane which  lie  between  the  safety  tube  and  the  accessory  fissure ;  one 
of  them  forms  a  capillary  network  on  the  lateral,  the  other  on  the  medial 
side,  and  these  networks  do  not  anastomose  with  that  of  the  third  vessel,  in 
the  middle  of  the  safety  tube  {v.  Fig.  377).  This  third  vessel  forms  a 
distinct  capillary  network  in  the  sub-mucosa,  and  is  distributed  only  to  a 
definite  portion  of  the  roof  of  the  tube. 
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III. — ^The  Membranous  Labyrinth. 

!•   Topography  and  Histology. 

Doubts,  based  upon  experimental  observations,  are  constantly  being 
raised  against  the  physiological  i-61e  hithei*to  attributed  to  the  membranous 
labyrinth  in  the  function  of  hearing;  at  the  present  time,  however,  this 
membranous  structure  should  be  considered  as  an  integrant  part  of  the 
internal  ear — -'as  the  suppoi-t  of  the  apparatus  for  the  perception  of  sound. 
Its  topographical  and  histological  relations  are  found  to  vary  in  many 
respects  in  the  different  classes  of  animals.  In  many  Invertebrates,  as  well 
as  in  MoUusks  and  Crabs,  the  labyrinth  is  represented  by  a  bladder-shaped 
structure  which  is  usually  attached  to  the  nervous  centime  or  to  one  of  its 

Fig.  883. 


Fig.  383.  Membranous  labyrinths  of  Vertebrates : — A,  of  Man ;  B,  of  tbe  Calf ; 
C,  of  the  Pike;  D,  of  Ynltor  falyus;  B,  of  Bana  esculenta.  1,  canalia  semicirc. 
horizontalis ;  2,  can.  s.  superior ;  8,  can.  s.  posterior ;  4,  oanal.  oommunis ;  5,  am- 
pulifonn  termination  of  the  canalis  s.  horizontalis ;  6,  uiriculus  ;  7,  saccfolas 
rotundas. 

branches  (in  the  Achetidse  and  Locus  tidsB  among  Insects  it  occurs  ac  the 
knee-joint,  but  in  the  Aciididse,  above  the  oiigin  of  the  last  pair  of  feet) ; 
whereas,  in  almost  all  Vertebrates  we  find  the  membranous  lahyrinth-— 
which  constitutes  only  a  part  of  the  acoustic  apparatus — more  or  less  com- 
pletely embedded  in  a  cartilaginous  or  osseous  capsule,  of  which  it  repre- 
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Bents  the  diminished  cast.  The  long  saccule  with  its  ampullae  and  semi-cir- 
cular canals,  as  well  as  the  round  saccule,  lie  in  direct  conictct  with  the 
osseous  or  ca/rtilaginous  capsule^  and  are  not,  as  hitherto  erroneously  sup- 
posed, bathed  on  all  sides  by  duid  (the  perilymph). 

These  topographical  relations  of  Uie  labyrinth  may  be  recognized,  even 
during  embryonic  life.*  Transverse  sections  through  peti*ouB  bones,  at 
various  stages  of  development,  show  that  the  space  within  the  vestibule  and 
semicircular  canals  is  filled  with  a  gelatinous  tissue,  which  first  becomes 
firmer  in  consistency  along  the  cartilaginous  wall,  and  that  the  labyrinthine 
structures  are  connected  with  this  somewhat  denser  fibrous  layer.  The  ves- 
sels which  become  developed  here  traverse  the  gelatinous  tissue  in  the  fol- 
lowing manner :  the  larger  twigs,  which  are  seen  in  cross-section,  run  in  a 
direction  that  corresponds  to  the  long  axis  of  a  semicircular  canal,  while  the 
branchlets  that  are  given  off  fi*om  them  pursue  a  more  transverse  or  oblique 
course.  Of  the  two  larger  vessels  (see  Fig.  384),  which  are  always  a  little 
separated  from  each  other,  I  consider  the  narrower  one  to  be  an  aitery,  and 
the  broader  one  a  vein.  When,  therefore,  by  reason  of  the  retrograde  meta- 
morphosis of  the  gelatinous  tissue,  the  cavities  are  produced,  the  only 

Pig.  884. 


Fig.  884.  Tranaverae  section  of  the  oartOaginoua  and  membranoua  aemicirciilar 
canal  of  the  Foetiui. — 1,  cartilagmoua  aemioinmlar  oanal  ;  2,  gelatinoua  tissue, 
which  completely  fills  the  space ;  3,  vein  ;  4,  artery  ;  5,  situation  of  the  mem- 
branoua aemicircnlar  canal  in  cloae  proximity  to  the  waU. 

formed  elements  that  remain  of  this  gelatinous  tissue  are  the  periosteum 
and  the  nucleated  connective  tissue  which  surroimds  the  vessels  that  ti-a- 
verse  the  cavity. 

In  Adults  the  periosteum  inventing  the  osseous  labyrinth  consists  of  a 
moderately  thick  layer  of  connective  tissue  with  which  tine  elastic  fibres  are 
intermingled.  This  connective  tissue  and  its  vessels  are  continuous  with 
the  connective  tissue  and  vessels  of  the  bone,  so  that  separation  is  somewhat 
difficult.  In  the  semicircular  canals  the  inner  surface  of  the  periosteum  is 
uneven.  Its  tissue  is  studded  with  pretty  large  nuclei,  which  occur  more 
numerously  and  in  more  regular  order  in  the  neighborhood  of  the  free  surface 
than  in  the  neighborhood  of  the  bone.     In  specimens  which  have  been  har- 

*  Kolliker,  in  his  History  of  Development,  was  the  firat  to  give  a  drawing  of  Uua 
relation  in  the  semicircular  canal  of  the  foetua. 
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dened  in  chromate  of  ammonia  or  chromic  acid  they  constitute,  sometimes, 
r^ular  rows,  so  that  in  many  respects  they  seem  to  present  the  character  of 
pavement  epithelium.  Still  a  number  of  recent  examinations,  in  which  well- 
hardened  specimens  were  used,  have  convinced  me,  I  believe,  that  we  do 
not  really  meet  with  any  epithelium  at  all,  but  only  numerous  nuclei  of  the 
periosteum — a  fact  which  Henle  and  Hasse  have  already  called  attention  to. 
Henle  finds  the  periosteum  of  the  labyrinth  of  the  same  character  as  the 
subarachnoid,  but  the  pigment  cells  are  few  in  number.  The  chalky 
concretions  contained  in  the  periosteum,  described  by  Kolliker  and  Henle, 
have  eluded  the  observation  of  some  observers,  while  they  have  been  found 
by  others  in  great  abundance. 

Fig.  385. 


Fig.  885.  Long  and  round  aaocnle  from  a  oameia-luoida  dimwing.  1,  utricle; 
2,  round  sacoule ;  3,  macula  acustica ;  4,  ampnllflo ;  6,  oanalis  communis. 

En  certain  portions  of  the  periosteum  not  only  the  two  saccules  in  the 
vestibule,  but  also  the  membranous  semicircular  canals  adjoin  one  another 
internally,  a  fact  which  is  i*ecognized  when  one  attempts,  with  the  help  of 
the  chisel,  to  expose  the  labyrinth.  To  gain  a  clear  insight,  however,  into 
the  mutual  histological  relations  between  the  bony  and  membranous  labyrinth 
it  is  necessary  to  make  sections  through  the  pars  petrosa,  previously  de- 
prived of  its  earthy  constituents  by  diromic  acid.  It  may  be  mentioned 
that  the  utricle  lies  more  internal  to  the  bony  portion  of  the  median  vesti- 
bular wall  than  the  round  saccule;  this,  as  Odenius  has  also  stated,  is 
separated  from  the  recessus  hemisphsericus  by  a  pretty  broad,  loose  layer 
of  connective  tissue,  which  surrounds  the  nerve  fibres  and  the  vessels  travers- 
ing it. 

The  utricle  and  round  saccule  together  embrace  about  two-thirds  of  the 
vestibular  space.     The  utricle  extends  further  in  a  lateral  direction  than 
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phery.  The  membranous  passages  are  contiguous  to  the  peiiosteum,  at  points 
corresponding  to  the  convex  side  of  the  bony  passages ;  but  they  do  not 
seem  to  be  buried  in  the  periosteum  as  in  Man. 

Their  free  wall  is  united  with  the  periosteum  by  a  fine  network,  and  we 

may  convince  ourselves  that  both  in  ^e 
Eat,  as  also  especially  in  Birds,  Fishes, 
and  the  short-tailed  Batrachia,  the  space 
which  borders  the  free  surface  of  the 
membranous  canals  and  the  utricle  is  not 
enveloped  by  any  tunica  serosa  bearing 
epithelium. 

In  FUhes^  too,  the  membiunous  bemi- 
drcular  canal  is  attached  to  the  firm  canal 
wall.  The  proportionately  wide  cartilagin- 
ous or  bony  passage  is  here  partly  filled  by 
a  network  of  broad  fibrous  bands  whidi 
surround  a  system  of  interspaces  filled 
with  mucus. 

The  remaining  space  contains  the  mem- 
branous passage,  which  adheres  loosely  to 
the  wall,  and  also  a  delicate  network  of 
fibres  that  is  not  essentially  difierent  from 
the  above-mentioned  mucoid  tissue  in  the 
semicircular  canal  of  the  Human  foetus 
and  Frog. 

Hasse  in  his  first  articles  claimed  for  the 
Frog  that  markings  as  of  epithelium 
existed  on  the  external  surface  of  the 
membranous  semicircular  canal.  Sections, 
however,  made  through  the  bony  and  mem- 
branous labyrinth,  and  especially  through  the  bony  semicircular  canal,  ex- 
hibit histological  relations  which  do  not  sustain  the  theory  of  a  tunica  sei-osa. 
For,  in  examining  successful  sections  we  observe  that  anastomosing  connec- 
tive-tissue corpuscles— called  in  the  Human  embryo  mucoid  tissue — entire- 
ly fill  the  canal.  Whether  the  same  condition  is  seen  at  all  ages  in  this 
animal  I  must  leave  undecided  at  present,  for  my  data,  thus  far,  relate  only 
to  Frogs  examined  at  the  end  of  the  winter. 

In  the  gelatinous  tissue  of  the  Frog  there  are  numerous  large  pigment  cells, 
of  which  some  attach  themselves  internally  to  the  outer  side  of  the  mem- 
branous canaL  There  is  a  still  more  abundant  deposit  of  pigment  cells  in 
the  neighborhood  of  the  utricle  and  the  stone  sac  in  the  vestibule,  so  that 
the  points  where  nerve  bundles  and  veiisels  penetrate  the  utricular  wall  are 
somewhat  difficult  to  discover.  It  is  to  be  observed  in  regard  to  the  dis- 
tance of  the  Frog's  membranous  labyrinth  from  the  bony  wall  that  the  utricle, 
the  stone  sac,  ampullae,  and  the  commencements  of  the  membranous  por- 
tions lie  pretty  close  to  the  fixed  capsule,  while,  on  the  other  hand,  it 
cannot  be  denied  that  the  membranous  canals,  as  they  recede  from  the 
vestibulum,  separate  also  more  from  the  wall  of  the  bony  labyrinth,  so  that 
tiiey  appear  to  be  entirely  enveloped  in  the  nucleated  fibrillary  connective 
tissue. 

For  those  who  are  inclined  to  look  upon  this  arrangement  as  artificial 
there  is  this  additional  fact  to  be  taken  into  consideration,  viz.,  that  the  attach- 
ment of  the  entire  membi-anous  labyrinth  to  the  periosteum  in  the  Frog  is 
by  no  means  so  intimate  as  in  Birds,  Mammals,  and  Man,  a  £Bict  which 


Fig.  888.  TzansreiBe  section  of 
the  bcmy  and  membranous  semioir- 
oular  canals  in  a  Goose.  1,  bony 
upper  oanal ;  3,  fibriliaB  uniting 
periosteum  and  membranous  canal ; 
8,  membranous  canal  vrith  epitheli- 
um on  the  under  surface ;  4,  at- 
tachment of  the  thin  portion  of  the 
membranous  oanal  to  the  perios- 
teum. 
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perhaps  can  be  regarded  as  dependent  on  the  grade  of  retrograde  meta- 
morphosis  of  the  mucoid  tissue. 

2.     Labyrinthine  WaU. 

The  histology  of  the  labyrinthine  wall  is  most  advantageously  studied 
on  cross-sections.  The  thickness  of  the  semicircular  canal,  which  on  cross- 
sections  appears  to  be  oval,  is  not  uniform  {&g,  389).  In  Man  the  thickness 
of  the  canal  bordering  on  the  bone,  exclusive  of  periosteum,  measures  0.016 
millim.,  the  free  wall  measures  0.028  millim.,  and  that  poi-tion  which  is 
attached  by  the  ligamenta  labyrinthi  canaliculorum  has  a  diameter  of  from 
0.060  to  0.080  millim. 

We  can  differentiate  four  layers  of  tissues :  first,  a  layer  of  connective 
tissue ;  second,  a  hyaline  tunica  propria ;  third,  papilliform  (villiform)  pro- 
cesses ;  fourth,  epithelium. 

The  external  fibrous  layer^  which  for  the  most  part  encircles  the  canals, 
represents  a  connective-tissue  substance,  studded  with  numerous  nuclei,  and 
does  not  appear  to  be  essentially  different  in  its  structure  either  from  the 

Fig.  889. 


Fig.  889.  Transverse  section  through  the  membranoos  aemioizoalar  osiuJ  in  Man. 
1,  free  wall  with  the  fibrous  layer  and  oonneotive-tiaBae  oorptuoles ;  2,  timica  pro- 
pria;  8,  papilla  with  their  epitheliom;  6,  part  of  the  oanal  wall  showing  no  papille, 
and  having  a  very  thin  tunica  propria ;  6,  inoreased  development  of  the  papill«  on 
the  border  of  the  non-papUlaiy  portion ;  7,  ligamenta  labyrinthi  oanalioolorom. 

ligaments  described  above  or  from  the  periosteum.  At  the  point  where 
the  canaliculus  touches  the  periosteum,  the  external  fibrillar  coat  con- 
stitutes an  extremely  thin  layer,  but  becomes  stouter  on  the  free  wall, 
and  reaches  the  highest  grade  of  development  where  it  coalesces  with  the 
ligamenta  labyrinthi  canaliculorum.  The  arrangement  of  the  large  and 
usually  rounded  nuclei  that  are  embedded  on  the  outer  surface  of  the  fr'ee 
side  of  the  canal  is  such  that  we  have  quite  the  appearance  of  an  epithelial 
layer.  The  nuclei,  however,  are  similarly  disposed  in  the  labyrinthine  liga- 
ments and  on  the  i)eriosteal  side ;  finally,  well-stained  preparations  demon- 
strate that  the  external  surface  of  the  membranous  passage  has  no  pave- 
ment epithelium.* 

*  According  to  Sohwalbe  and  F.  E.  Weber  the  space  between  the  membranous  and 
bony  labyrinth,  which  is  filled  with  perilymph,  is  a  lymph  space,  for  masses  hijected 
from  the  arachnoidal  cavity  throogh  the  porus  aoustioas  penetrate  into  it. 
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In  examining  the  semicircular  canals  as  a  whole  after  taking  them  from 
their  bed  with  their  periosteum  and  ligaments,  we  perceive,  in  the  neighbor- 
hood of  the  vessels,  another  network  of  fibres,  whose  significance  I  was  for- 
merly doubtful  of.  Pretty  broad  bands  of  fibres,  pale  in  appearance,  form 
retiform  connections  with  one  another.  At  the  commissures,  where  they 
are  much  broader,  and  their  fibrillar  character  is  most  defined,  large  cells  with 
nuclei  are  embedded  in  varying  numbers.     At  the  first  glance  this  network 

1^.800. 


Fig.  390.  Network  of  fibres  containing  embedded  eeUs  from  the  pexipbezy  of  the 
vessels  in  the  Bemidraalar  oaxials  of  Mao. 

has  quite  the  appearance  of  nerves  with  embedded  ganglionic  cells  (fig.  390). 
Whether  we  really  have  to  do  with  nerves  or  a  new  sort  of  connective  tissue 
I  was  unable  to  bring  to  a  final  decision  before  the  conclusion  of  this  article. 
It  is  hardly  necessary  to  add,  that  it  would  be  of  the  greatest  interest  if  this 
observation  proves  to  be  a  re-discovery  of  the  nerves  belonging  to  the  mem- 
branous semicircular  canals  and  whose  existence  has  hitherto  been  doubted. 
The  fibrous  layer  forms  a  delicate  coating  over  the  saccules,  excepting  only 
at  those  points  where  the  nerves  enter  the  bony  wall.  The  saccules  do  not 
actually  adjoin  the  bony  wall  so  closely  at  this  point  (the  utricle  more  inti- 
mately than  the  round  saccule),  but  they  are  separated  from  it  by  a  broad- 
meshed  connective  tissue  which  embraces  the  vessels  and  nerves. 

The  second  investing  coat,  too,  the  hyaline  tunica  propria^  varies  in  thick- 
ness ;  it  is  very  thin  when  seen  in  section,  at  the  point  where  it  is  con- 
tiguous to  the  membranous  canal,  but  along  the  free  wall  it  is  somewhat 
stouter,  and  attains  a  considerable  volume  about  the  area  of  attachment  of 
the  labyrinthine  ligaments.  The  fresh  preparation  represents  a  hyaline 
substance  which  seems  neither  to  be  sharply  defined  outwardly,  towards  the 
fibrous  coat,  nor  inwardly,  towards  the  papillae.  By  employing  coloring 
materials  and  other  reagents  a. granular,  delicately  striated  character  is 
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given  to  the  tunica  propria.  This  same  substance  is  also  observed  on  the 
utricle,  but  here  forms  a  very  thin  uniform  layer. 

The  papiUiform  *  prominences  on  the  inner  surface  of  the  tunica  propria 
I  must  hold  as  normal  etructwrea  belonging  to  adult  Mam, 

They  occur  so  uniformly  that  I  should  be  inclined  to  regard  their  absence 
as  pathological  rather  than  exceptional.  They  seem  to  be  limited  to  certain 
portions  of  the  canal  wall,  and  for  this  reason  I  have  already  alluded  to  a 
papUlar  and  a  non-papiUar  part  of  the  wall.  In  Adults  we  observe  them  as 
*'*'  hyaline  spheroids  '^  of  various  forms  and  dimensions  in  the  membranous 
canab;  on  transverse  section  they  are  recognized  as  prominences.  They 
rest  upon  the  tunica  propria  with  a  broad  base,  and  project  into  the  lumen  of 
the  carnal  as  little  mound-like,  club-shaped,  or  conical  processes.  In  the  direc- 
tion of  the  tunica  propria  the  papillra  are  not  sharply  defined,  and  they 
must  really  be  rt^arded  as  integral  parts  of  the  membrane,  for  when  they 
exist  they  arise  from  it  and  are  in  structure  entirely  identictd  with  it.  f 

In  the  embryo  and  even  in  new-born  Children  ^e  papillae  are  still  en- 
tirely wanting,  but  appear  subsequently  on  those  portionB  of  the  inner  canal- 
wall  where  the  labyrinthine  ligaments  attach  themselves  externally.  The 
thin  portion  adjoining  the  bone  of  the  membranous  semicircular  canal  is 
entirely  free  from  papillsa  throughout  its  greatest  extent,  and  I  have  never 
seen  in  it  the  slightest  vestige  of  them,  notwithstanding  the  tunica  propria  is 
present  here,  though  only  as  a  very  thin  layer  (vide  fig.  389).  On  both  sides, 
however,  the  mound-like  prominences  begin,  increase  gradually  in  size,  and 
finally  to  the  right  and  left  become  stouter  (turn  to  the  diagram),  diminish- 
ing again  in  height  at  the  free  labyrinthine  wall.  At  the  latter  point  they 
often  raise  themselves  very  little  above  the  free  sui*face,  so  that  with  low 
powers  they  appear  to  be  absent.  Their  entire  inner  surface,  both  in 
the  depressions  between  the  papillae  as  also  on  their  tops,  is  invested  by  a 
single  layer  of  pavement  epithelium, which,  lioth  in  surface  and  profile  sections, 
can  be  pretty  easily  brought  into  view  by  employing  the  various  means  of  in- 
vestigation at  our  command.  Since,  however,  these  epithelial  cells  are  pretty 
easily  detached,  and  the  smallest  papilla  often  bears  only  from  three  to  five 
of  them  {vide  ^fi,.  391),  the  nuclei  of  the  cells  cannot  always  be  seen  in  pro- 
file in  cross  sections,  a  fact  which  aided  very  materially  in  leading  to  a  de- 
nial of  the  existence  of  epithelium  on  the  top  of  the  papillae  (Lucae).  The 
cells  in  the  papillae  and  in  their  neighborhood  appear  of  irregular  form,  and  in 
surfiEu;e  views  it  is  quite  possible  to  follow  those  that  have  imbibed  ni- 
trate of  silver  over  all  the  points  of  inequality.  Since  the  formations  we 
are  discussing  do  not  appear  until  after  birth,  it  is  probable  that,  during 
their  development,  they  in  a  simple  mechanical  way  spread  out  the  epithe- 
lia  which  were  originally  arranged  at  regular  intervals.  The  same  must 
also  be  claimed  for  many  of  the  peculiar  forms  of  epithelium  which  Eberth 
has  brought  to  our  notice,  and  for  the  hmg- vesicles,  as  if  it  be  true  that  in 
Adults  they  bear  epithelium. 

**  In  place  of  the'  term  *'  villiform,'^  which  I  have  formerly  employed,  I  propose  the 
word  here  introduced,  since  the  formations  under  discussion  have  more  similarity  with 
papilla  than  with  villi.  Hasse  has  ventured  the  sappodition  that  I  have  re^urded 
the  striae  to  be  seen  through  the  tissue  as  papillas,  or  rather  villi,  a  supposition  which 
forces  me  to  conclude  that  Hasse  had  not  studied  these  stmctares  in  Adolte,  for  it  is 
a  most  simple  matter  to  obtain  a  sectional  view  of  the  papilhe,  and  any  misoonoep- 
Uon  is  impossible. 

f  Whether  the  papillae  are  identical  with  the  **  great  globes  "  described  by  Pappen- 
heim,  cannot  be  determined  from  his  obscure  statements.  (See  pages  48  and  44  of 
his  Gemebele/ire  des  GMrorganes.) 
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Though  there  are  individual  variations  in  regard  to  the  papillae,  yet  I 
have  never  found  them  entirely  wanting.  At  some  distance  from  the  thin 
wall,  at  points  corresponding  to  the  attachments  of  the  canal  ligaments,  they 
are  never  absent ;  sometimes,  however,  on  the  free  side  of  the  canal  they 
are  only  feebly  represented.  In  the  saccules,  and  near  where  the  semicir- 
cular canals  open  into  the  utricle,  they  are  not  found.  Still,  on  several  oc- 
casions I  have  seen  isolated  papillse  at  the  expanded  orifices  of  the  horizon- 
tal membranous  passage. 

Fig.  391. 


Fig.  391.  Surface  view  of  the  papillae  in  the  horizontal  membranous  semicircular 
canaL  1,  3)  3,  papilUform  formations  with  the  epithelium  (nitrate  of  silver  pzepon- 
tion.) 

These  formations  peculiar  to  adult  Man  have  been  regarded  as  pathologi- 
cal in  their  nature  (Voltolini,  Lucae). 

Lucae  asserted  that  they  were  not  present  in  new-bom  Children,  and, 
fix>m  the  fact  of  their  having  no  epithelium  and  showing  a  reaction  with 
iodine,  would  place  them  among  the  group  of  amyloid  bodies.  On  the  other 
hand,  passing  over  the  first  point,  which  is  irrelevant,  I  reply  that,  first,  I 
have  never  entirely  failed  to  see  papillae  in  the  semicircular  canals  of  Adults, 
even  though  each  one  was  developed  in  a  different  degret^ ;  *  second,  that 
by  means  of  suitable  reagents  epithelium  is  demonstrated,  and  though 
they  show  the  well-known  iodine  reaction,  the  same  is  true  of  the  tunica 
propria  and  many  other  tissues,  in  which  amylum  has  yet  to  be  die- 
covered.  It  will  not  certainly  be  urged  that  the  rounded  forms  which 
the  papillae  show  when  toiii  by  artificial  means  are  any  proof  of  their 
amyloid  nature.  I  have  convinced  myself  most  conclusively  in  very  fine 
transvei*se  sections  of  the  membranous  semicircular  canals  that  the  papilhe 
are  only  to  be  regarded  as  parts  of  the  timica  proprisu  The  border  line 
which  appears  in  transverse  sections  between  the  membranes  mentioned 
above  and  the  papillae  {vide  fig.  389)  depends  merely  on  the  thickness  of 

*  If  we  examine  the  membranous  labyrinths  in  the  cadavers  of  thirty  Adults,  taken 
at  random,  as  they  axe  brought  into  the  anatomical  room,  and  taking  no  aocount  of 
the  dineases  to  which  they  have  been  subject,  we  shall  find  in  about  28  the 
papillif orm  prominences  and  in  2  none  at  all.  Now  this  numerical  consideration,  ex- 
cluding others  already  mentioned,  would  be  a  suflioient  reason  for  not  reganUng  them 
as  pathological  formations. 
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the  cut.  In  very  fine  sections  high  powers  fail  to  discover  to  us  any  con- 
tours between  both  layers.  When  it  can  be  claimed  that  the  membranous 
canals  secrete  the  endolymph,  then  the  papilUe,  entirely  apart  from  other 
physiological  conniderations,  appear  at  once  as  formations  which  cause  a  con- 
siderable increase  of  surface. 

In  Mammals  the  parietes  of  the  membranous  labyrinth  are  considerably 
thinner  than  in  Man.  The  thickness  of  the  membranous  senkicircular  canal 
varies  only  in  slight  degree  and  its  mucous  membrane  is  free  from  papillas. 

The  wall  of  the  membranous  labyrinth  of  Birds  varies  in  thickness  in 
the  utricle,  the  ampullae,  and  more  es[>ecially  in  the  semicircular  canals. 
The  semicircular  canal  which  appears  oval  in  transverse  section  is  very 
thin  at  the  point  where  it  adjoins  the  osseous  wall,  and  increases  gradually 
in  thickness  as  it  recedes  from  this  point.  The  thinnest  part  has  a  diameter 
of  0.020  milliin.  and  the  thickest  of  0.080  millim.     I  cannot  agree  with 


Fig.  892. 


Fi;;.  392.    Transvene  section  of  the  sagittal  aemicironlar  canal  in  a  Pigeon. 

1,  bony  aemiciroalar  canal ;  3,  thin  section  of  the  wall  united  with  the  perioe- 
tenin ;  8,  thicker  portion  of  the  wall  with  a  groove  for  an  artery ;  4.  epithelinm, 
to  be  dij^tingnished  from  flattened  epithelium ;  5,  flattened  epitheliam ;  6,  reti- 
form  framework  of  fibres  between  the  perioRteum  and  outer  surface  of  the  mem- 
branous semicircular  oanal.  ^}^. 


Hasse  that  the  thickness  of  the  wall  varies  within  certain  limits^  and  that 
no  rule  can  be  laid  down  as  to  a  gpreater  or  less  thickness  in  certain  parts. 
My  examinations  have  convinced  me  that  the  thin  canal  wall  is  entirely 
liinited  to  the  point  where  it  rests  on  the  periosteum,  and  the  thick  wall,  which 
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externally  has  a  sort  of  groove  for  the  reception   of  the  larger  vancular 
branches,  is  on  the  side  of  the  canal  distant  from  the  bone. 

There  is  a  tibrous  layer  where  the  connecting  substance  in  the  bony  canal 
unites  with  the  outer  surface. 

The  stout  tunica  propria  which  forms  the  wall,  in  connection  with  the 
epithelium  on  the  basal  border  of  the  inner  surface,  has  already  been  named 
"  Ifcbyrintli  cartilage  "  in  Birds,  Fishep,  and  Reptiles.  'J'he  excellent  works 
of  Leydig,  Deitei's,  and  Hasse  contain  the  histology  of  the  canal  wall  illus- 
trated by  plates. 

In  a  structureless  basis  substance,  which  only  after  treatment  with  chro- 
mic acid  becomes  finely  granular,  there  are  embedded  numerous  small  nuclei, 
long  or  quaditingular  in  form,  with  processes.  The  majority  of  the  outninners 
from  the  connective-tissue  corpuscles  surround  the  canal  chiefly  in  a  circular 

manner,  others  penetrate  the  thick 
Fig.  398.  portion  of  the  canal  in  a  dii^ection 

from  without  inward  (fig.  393).  The 
coarse  vascular  nets  which  surround 
the  membranous  canals  rest  in  part 
also  in  the  cartilaginous  substance, 
without,  however,  reaching  the  epi- 
thelial layer.  •  This  latter,  resting 
on  a  basal  membrane,  invests  the 
inner  surface  as  a  fegular  pavement 
epithelium.  A  larger  vai-iety  of  epi- 
thelium, limited  to  a  small  space, 
appears  on  the  thick  side  of  the 
canal ;  here  it  appears  somewhat  as 
if  we  encouuter  those  cylindrical 
cells  of  the  utricle  and  of  the  aro- 
pull89  which  foim  a  narrow  belt  op- 
posite the  nerve  epithelium,  and  were 
very  accurately  described  by  Hasse 
under  the  name  of  "  Roof-cells " 
(Dachzellen). 

The  comparatively  thick-walled 
canals  of  Fishes  *  vary  as  to  the 
thickness  and  shape  of  the  lumen  in 
different  families.  In  the  Pike  (fig. 
394)  the  canal  is  triangular  on  trans- 
verse section,  with  a  base  corresponding  to  the  free  thick  wall,  and  two 
sides  which,  arching  over,  meet  iu  a  thinner  portion.  That  portion  whidi 
adjoins  the  bony  or  cartilaginous  canal-wall  is  here,  too,  the  thinnest. 

This  has  a  diameter  of  0.080  millim.,  while  the  thick  portion  measures 
from  0.120  to  0.160  millim.  It  consists  of  a  firm  hyaline  basis  substance, 
studded  with  very  numerous  stellate  connective-tissue  corpuscles,  which, 
through  the  mutual  attachments  of  the  somewhat  granular  outrunners,  rep- 
resent a  coarse  network ;  in  the  Pike  this  net,  on  closer  examination,  eliowy 
an  arrangement  as  seen  in  fig.  394.  On  the  thin  wall  the  fibres  invest  the 
lumen  of  the  canal ;  at  the  two  thickest  places  they  appear  as  bands,  which 
in  transverse  direction  traverse  the  wall  from  without  inwardly.  Inhere  is 
no  lamina  of  connective  tissue  on  the  outer  side  of  the  canal.  On  the  basal 
border  of  the  inner  surface  there  is  a  flattened  epithelium,  which  is  formed 


Fig.  898.  Sagittal  Bemidicular  canal 
of  the  Pigeon.  1,  groove  on  the  thick 
portion  of  the  oanal  for  the  reception  of 
a  yessel ;  2,  thinner  parietal  section ;  8, 
labyrinth  cartilage  traversed  by  larger  ves- 
sels ;  4,  flattened  epithelium.  ^}^. 


My  reaearohes  were  confined  to  the  Perch,  Carp,  Salmon,  and  Pike  families. 
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of  pretty  large  ceUs  with  stout  nuclei  which,  seen  in  profile,  have  a  fusi- 
form appearance.  In  the  Pike  this  forms  a  much  broader  border  on  the 
thick  side  of  the  canal  than  in  the  other  places,  and  here  there  appears 
another  variety  of  cylindrical  epithelium.  In  no  kind  of  animal  do  the 
epithelial  cells  detach  themselves  so  easily  from  the  basal  membrane  as  in 
the  Fishes,  where  the  entire  layer  of  investing  cells  may  shrink,  and  attach 
itself  at  any  point  of  the  cartilaginous  wall,  giving  the  appearance  on  cross- 
section  of  a  small  tube. 

Flg.SH. 


Fig.  894.  Tzansyerse  section  through  the  membranous  labyrinth  of  the  Esoz  ludos. 
1,  thick  portion  of  the  semicircolar  canal ;  2.  thinner  parietal  portion  of  the  semi- 
cdrcolar  canals ;  8,  flattened  epithelium,  whicih  assumes  a  cylindrical  form  at  the 
thick  portion  of  the  canal  wall ;  4,  labyrinthine  cartilage  with  radiating  fibres  and 
oonnectiye-tissue  oorposoles ;  5,  circular  fibres  with  connective-tissue  corpuscles. 

In  the  year  1844  A.  Ecker  described  ciliated  epithelium  in  the  semi- 
circular canal  of  Petromyxon  m^rinus.  These  cells,  as  H.  Reich,  a  student 
of  £cker's,  in  the  year  185,7  claimed  for  Ammoccetes,  belong  only  to  the 
crista  acustica  or  macula  acustica,  and  not  to  the  canals. 

I  have  observed  in  the  membranous  passages  of  Salmo  hucho  a  curious 
foroiation,  standing  apart  by  itself  (fig.  395).  It  will  be  seen  in  the  ac- 
companying diagram  that  in  this  fish  the  walls  and  lumen  of  the  canal 
differ  in  many  respects  from  those  of  the  Pike.  The  external  side  of  the 
canal  wall  is  uneven,  its  thick  portion  has  an  irregular  outline,  owing  to  a 
groove  which  exists  externally,  and  in  structure  the  hyaline  basis  sub- 
stance preponderates  greatly  over  the  connective-tissue  corpuscles. 

In  the  thick  portion  of  the  wall  there  are  two  rows  of  cells,  each  of 
which  is  about  an  equal  distance  from  its  neighbor,  and  these  two  rows,  like 
two  walls  with  a  furrow  between  them,  project  pretty  far  into  the  canai 
(fig.  395).  They  are  to  be  met  with  throughout  the  entire  length  of  the 
canal,  and  are  unaltered  in  character,  except  that  they  are  lower  as  they 
approach  the  utricle. 
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Under  the  epithelial  cells,  especially  at  their  border,  verj  delicate  pale 
fibres  appear,  which  are  invested  at  ikeir  origin  by  a  protoplasm,  divide 
dichotomously,  and  are  connected  with  round  or  oval  cells,  which  rest  on 
them  like  grapes  on  their  stems.  The  entire  i*ow  produced  in  this  way 
floats  partially  in  the  endolymph  of  the  semicircular  canal.  In  surface 
views  it  is  observed  that  both  rows  of  cells  extend  towards  one  another  in 
a  uniform  manner,  bridging  over  the  furrow,  as  it  were.     I  should  merely 

Fig.  395. 


Fig.  805.  A,  Tzansvezse  section  through  the  membranous  seniioizoiilar  oanal  of  the 
Salmohadho.  1,  thick  portion  of  the  csuial  wall,  with  a  groove  on  the  oater  side  ;  2, 
thinner  parietal  portion ;  3,  flattened  epithelium ;  4,  Fine  fibres  with  the  (5)  row 
of  oells  ;  6,  lorrows  between  the  two  rows  of  cells  ;  By  highly  magnified  fibres  and 
isolated  cells ;  7,  protoplasm  in  which  the  (8)  fibres  appear ;  9,  cells  in  oonnection 
with  subdividing  fibres. 

like  to  venture  the  supposition  that  both  rows  are  not  gradually  connected  by 
their  pedicles,  but  the  cells  simply  touch  and  adhere  to  one  another.  Though 
on  transverse  section  this  formation  presents  the  appearance  of  a  complete 
canal,  yet  if  we  attempt  to  move  it  mechanically  under  the  microsco|)e,  we 
observe  that  though  the  cells  rise  and  fall,  the  rows  do  not  cleave  apart 
The  furrow  between  these  walls  appears  to  have  no  epithelium.  I  do 
not  believe  that  we  have  before  us  a  terminal  nerve  apparatus,  since  the 
branches  of  the  auditory  nerve  do  not  pass  over  the  bDrder  of  the  am- 
pullae, nor  have  I  ever  seen  any  primitive  nerve  fibres  externally  on  the 
canal  wall.  It  is  possible  that  the  two  walls  and  the  furrow  enclosed 
by  it  have  some  sort  of  connect  ion  with  the  undulations  of  the  endolymph 
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Among  the  Batrachia  I  have  only  examined  the  labyrinth  of  the  Frog. 
The  membranous  semidrcnlar  passages  are  almost  circular  on  transverse 
section,  and  the  wall  at  all  points  is  pretty  uniformly  thick.  Its  diameter 
amounts  on  the  average  to  0.040  millun.  A  very  few  oval  connective-tissue 
corpuscles  are  embedded  in  the  whitish  hyaline  basis  substance.  On  the 
outer  surface  there  are  pale  fibres  which  penetrate  transversely  about  half 
way  through  the  wall.  Since  this  striation  appears  similarly  in  all  sections, 
I  cannot  regard  it  as  due  merely  to  accidental  foldings.  A  large-celled 
pavement  epithelium  invests  the  inner  surface. 

Fig.  896. 


Fig.  306.  TransverBe  section  of  the  Hemioiicular  canal  of  Rana  temporaxia. 
1,  cartilage  with  oocasional  connective-tissue   corposoles  ;  2,  network  of  fibres 
with  connectiye-tiBsae  corpuscles,  and  pigment,  and  cells ;  8,  flattened  epithelium. 

3.    The    Vessels  of  the  Membranous  Labyrinth, 

The  vascular  supply  for  the  saccules,  the  membranous  semicircular 
cauals,  and  the  periosteum  of  the  labyrinth  varies  according  to  special 
locality ;  while  a  rich  and  close  network  of  vessels  exists  at  the  points  where 
the  nerves  enter  the  saccules  and  ampulla,  the  membranous  canals  are 
invested  by  a  coarse  plexus  formed  of  long  loops. 

The  lai^st  arteries  accompany  the  branches  of  the  vestibular  nerves 
to  the  wall  of  the  roimd  and  long  saccule,  and  form  at  first  stout,  coarse 
networks,  corresponding  to  the  macula  and  crista  acustica  in  the  loosely 
knit  extensive  connective-tissue  layer,  between  the  bony  wall  and  that  por- 
tion of  the  saccule-wall  which  bears  the  macula  acustica.  Arrived  at  the 
saccule-wall,  the  capillaries  are  finer,  and  form  towards  the  periphery  of  the 
macula  numerous  loops,  without,  however,  entering  the  tunica  propria. 
In  Birds  and  Fishes  large  capillary  loops  traverse  the  tunica  propria, 
reaching  as  far  as  to  the  basal  border. 
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In  Man  fine  capillaries  extend  beyond  the  border  of  the  macula  acustica, 
and  are  distributed  in  the  outer  fibrous  layer  of  the  nerveless  saccule  wall.- 

Extending  outwards  from  the  vestibule,  large  arterial  branches  reach  into 
the  bony  semicircular  canals  and  pursue  a  course  in  their  centre  corre- 
sponding more  or  less  to  the  curve  of  the  semicircular  canal.  All  the  ves- 
sels are  invested  and  stayed  by  a  comparatively  thick  nucleated  connectiTe- 
tissue  envelope,  which  remains  as  the  residue  of  the  foetal  mucoid  tissue,  to 
hold  these  vessels  in  place.  The  more  delicate,  tolerably  thin- walled  vessels 
given  off  from  the  larger  ones  in  the  centre  of  the  bony  canal  ai-e  distributed 
both  to  the  periosteum,  and  also  to  the  free  wall  of  the  membi'anous  canal 
and  the  ligamenta  labyrinthi  canaliculorum ;  from  this  point  they  return 
as  veins  embraced  in  their  proper  connective-tissne  fibres.  In  the  bony 
canals  the  arteries  and  veins  do  not  lie  near  one  another,  and  they  are  often 
difScult  to  separate  from  one  another  and  from  the  thick-walled  capillaries 
(fig,  384). 

In  the  direction  of  the  vestibule  the  two  vessels  approach  nearer  one  an- 
other ;  whether,  however,  from  here  on  they  follow  the  course  of  the  branches 
originating  from  the  ai'teria  auditiva  interna,  is  still  unsettled. 

In  transverse  sections  through  the  aquieductus  vestibuli  evidence  can  be 
obtained  that  near  the  serous  passage  there  are  stout  vessels,  which  in  ex- 
ternal appearance  appear  to  be  veins,  and  have  heretofore  been  described  by 
Hyrtl  as  veins  of  the  vestibule. 

4.  N'erves  and  Epithelium  in  the  AmpuUce  and  Saccules, 

In  animals,  wherever  the  fibres  of  the  auditory  nerve  are  distributed 
in  the  saccules  and  ampullse,  the  inner  surface  always  exhibits  a  peculiar 
epithelium,  ujsually-of  a  yellow  color,  and  armed  with  fine  hairs,  and  one 
might  naturally  infer,  that,  being  found  together,  they  should  also  be  classed 
together. 

In  studying  the  topographical  and  histological  relations  of  the  nerves  and 
their  relations  to  the  epithelium  of  the  ampull»  and  saccules  it  may  be  well 
to  employ  fresh  objects,  as  well  as  those  that  have  been  deprived  of  the  salts  of 
lime  and  hardened  in  chromic  acid.  Sections  should  then  be  made  in  dif- 
ferent directions,  and  these  can  then,  if  desirable,  be  stained  and  teased  to 
pieces.* 

Since  the  time  that  Scarpa  and  E.  H.  Weber  had  called  attention  to  the 
mound-shaped  prominence  on  the  ampuil»  (called  by  Scarpa  '^  septum  "), 
Steiffensand,  in  the  year  1835,  made  a  more  thorough  study  of  it  in  Fishes, 
Beptiles,  Birds,  Mammals,  and  Man,  and  has  shown  that  the  prominence, 
.  which  varies  in  its  form  in  the  different  animals,  was  produced  by  a  curious 
wrinkling  and  thickening  of  the  tunica  propria  of  the  ampullar  walL  M. 
Schultze  certainly  applied  more  correct  names  to  the  septa ;  viz. :  crist» 
acusticiB  in  the  ampullse,  and  maculse  acusticao  in  the  saccules.  In  most 
animals,  every  branch  of  the  nervus  vestibnli  which  reaches  the  ampulla 
consists  of  two  flattened  subdividing  bundles.  They  are  connected  with  the 
ganglionic  cells  (Leydig,  Hasse),  and  entering  the  furrow,  to  be  seen  exter- 
nally, traverse  in  almost  a  linear  direction  the  tunica  propria  to  the  epithe- 
lium of  the  crista  acustica. 


<■  The  staining  method  where  the  object  is  under  the  eye  of  the  obaeryer  I  find 
espedaUy  useful.  In  employing  it  I  took  croBB-sectioiiB  of  the  ampulla,  ioGladiiig 
the  nerves,  plaoed  them  upon  the  object-slide,  treated  them  with  oemic  add,  and  ob- 
aerred  the  reaction  as  it  gradually  became  apparent  in  the  nenree  and  epithelium. 
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At  this  point  the  crista  has  a  double  or  even  triple  size,  and  is  marked 
on  the  inner  side  by  a  structureless  basal  border.  It  is  not,  however,  alone 
in  furnishing  support  for  nerves ;  the  lower  portions  of  the  walls  of 
the  ampulUe,  rising  laterally  more  or  less  at  right  angles  to  it,  whicli  SteifFen- 
sand  has  termed  plana  semilunaria,  receive  fine  nerve  fibres  beneath  their 
epithelium  (fig.  397). 

Fig.  897. 


Fig.  S97.  Transverse  section  thiroQgh  the  ampulla  of  the  Pike.  1,  roof  of  the 
ampulla ;  2,  thin  portion  of  the  lateral  wall ;  ii,  thickened  portion  of  the  lateral 
wall ;  4,  5,  6,  floor  of  the  ampuUsB  with  nerrrs ;  7,  epithebum  of  the  nerves ;  8, 
auditoiy  hairs;  0,  tranpition  point  between  the  floor  of  the  ampulla,  and  10,  pla- 
num semilunare  ;   11,  flattened  epithelium. 

While  the  primitive  nerve  fibi^es  are  traversing  the  tunica  propria  they 
near  one  another,  and  become  exceedingly  delicate  in  the  neighborhood  of 
the  crista,  losing  their  double  contour.  In  the  ampullse  of  Fishes  which 
have  been  treated  with  osmic  acid  it  is  not  difficult  to  satisfy  one's  self  con- 
clusively that  a  pale  narrow  fibre,  the  direct  continuation  of  a  primitive 
fibre  (as  it  was  first  claimed  by  Reich  and  M.  Schultze),  actually  passes  over 
the  basal  border  of  the  ampullar  ridge,  having  made  no  connection  with 
ganglia,  and  then  breaks  u]>  into  a  large  number  of  finer  filaments.  It  is 
so  common  to  observe  these  unvarying  foims  in  fresh  and  stained  prepara- 
tions, that  there  is  certainly  no  good  ground  for  claiming  that  tbey  are  arti- 
ficially produced  by  tearing.  Hartmann  has  been  at  the  trouble  to  famish 
proof  that  in  Fishes  the  nervous  fibrils  in  the  crista  acu&tica  bend  as  it  were 
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in  loops.  This  statement  lias  already  been  r  jected  by  Ilenle,  and  can  be 
very  easily  disproved  in  thin  sections  of  stained  preparations.  Hartmann^s 
conclusion  that  the  med villa  is  mechanically  pi-ebticd  through  the  basal  border, 
and  thus  may  look  very  much  like  a  divided  axis  cylinder,  cannot  be  correct 
when  pressure  is  avoided ;  moreover  it  must  be  admitted  that  openings  exist 
in  the  basal  border,  which  give  to  the  nerve-medulla  the  peculiar  forms  in 
question. 

Fife.  398. 


Fig.  398.  Transveise  section  through  the  ampulla  of  Bana  esculenta.  1,  roof 
of  tJ^e  ampulla ;  2,  semioircular  canal ;  3,  epithelium  on  the  roof  of  the  ampulla ; 
4,  thickened  wall  of  the  ampulla.  Nerves  associated  with  cells ;  6,  7,  epitheliam 
with  the  auditory  ciliao  ;   8,  bundles  of  nerves ;  9,  pigment. 

Finally,  M.  Schultzo,  F.  E.  Schnltze,  Odenius,  Kcilliker,  Deiters,  Hensen, 
Henle,  and  Ilasse  have  expressed  themselves  unanimously  to  the  effect  that 
the  pale  fibres,  as  continuations  of  the  doubly  contoured  nerve  fibres,  enter 
the  epithelium.* 

According  to  M.  Schultze  and  Odenius,  it  is  only  the  ]Hile  axis  cylinders 
that  enter  the  epithelium ;  Hasse  and  von  Grimm  claim,  in  addition,  that 
the  delicate  sheaths  enter  at  the  same  time.  In  Fishes  a  comparison  of  the 
axis  cylinders  of  the  ampullar  nerves,  which  are  readily  isolated  by  osmic 
acid,  with  the  fibres  which  enter  the  epithelium,  reveals  no  histological 

*  Though  Henle  regutis  the  statements  of  Harfcmann  as  directly  disproved,  the 
latter  states  that  the  nerve  fibres  end  in  fine  points  at  the  basal  membrane,  p.  777. 
Henle  does  not  feel  himself  entitled  to  oppose  positive  statements  as  to  the  entnmce 
of  the  nerve  fibres  into  the  epithelium. 
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difference,  even  when  high  powers  are  used.  As  to  the  dichotomous 
division  of  the  pale  fibres,  I  believe  that  1  have  seen  it  in  Frogs  and  Fishes 
even  before  passing  over  the  basal  border ;  multiple  division,  however, 
never  takes  place  until  the  fibre  has  passed  the  basal  border. 

The  layer  of  nei  ve-epithelium  at  the  top  of  the  ampullar  wall,  which 
appeai-s  smooth  in  some  instances,  as  in  Man,  Mammals,  and  Birds, 
and  wrinkled  in  others,  as  in  many  Fishes,  has  a  varying  thickness 
corresponding .  to  diflerent  animals.  In  Birds  it  measures  0.016  millim. 
and  in  Cyprinoids  0.080  millim.  In  Mammals  and  in  Man  the  thickness 
is  intermediate  between  that  of  Birds  and  Fishes.*  The  layer  of  nerve 
epithelium    which    rests    upon    the   basal  border  is   soft,  loose,  and   nu- 

Fig.  899. 


FU^.  899.  Horizontal  taransveiBe  section  through  the  vestibule  and  round  saocole  of 
the  Human  foetus.  1,  cartila^ ;  2,  nerves  on  the  median  wall  of  the  vestibule  ;  8, 
crista  vestibuli ;  4,  nerve-epithelium  in  the  saoculus  rotundas ;  5,  auditory  hairs ; 
6,  transition  from  nerve -epithelium  into  (7)  the  shorter  columnar  variety  ;  8.  lateral 
wall  of  the  round  saocule  ;  9,  utricle  with  the  nerve-epithelium  ;  10,  flattened  epithe- 
lium of  the  utricle. 

cloated.  It  appears  to  be  thickest  in  the  centre,  and  is  defined  on 
the  free  border  by  a  sharply  drawn  line,  giving  an  appearance  similar  to 
the  limitans  externa  in  the  Human  eye,  and  in  this  the  stiff  hairs  are  placed. 
In  the  Cyprinoids  Lang  has  already  described  an  especial  layer  of  cells,  which 
sometimes  I  have  b^n  able  to  recognize  very  distinctly.  This  repre^sents  a 
border  on  the  inner  side  of  the  epithelial  layer,  and  upon  it  the  auditory  hairs 
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arrange  themselves.  The  cavitieB  in  the  epithelium  described  and  pictured 
by  Lang  I  tegurd  as  accidental  formations.  In  the  planum  semilunare  of 
Fishes  the  nerve-epithelium  becomes  gradually  broader  as  it  extends  up* 
waixls,  then  it  becomes  narrower  again,  and  when  seen  in  cross-section 
tapers  down  to  a  pointed  extremity,  on  which  the  pavement  cells  of  the 
upper  portion  of  the  ampulla  arrange  themselves ;  where,  too,  the  crista 
acustica  passes  over  into  the  planum  semilunare  a  layer  of  shorter  epithe- 
lium appears  (fig.  397).  The  crista  cruciata  of  the  ampulla  in  Birds, 
which  rises  very  abruptly  towards  the  intermediate  space,  is  invested 
throughout  by  a  nerve-epithelium  of  no  great  thickness.  In  the  nerve  sac- 
cules the  layer  of  nerve-epithelium  is  not  so  thick  in  the  avei-age  as  in  the 
ampuUse. 

The  transition  of  this  variety  into  the  contiguous  cylindrical  epithelium 
is  gradual  here,  and  in  the  round  saccule  the .  cells  are  never  so  ^ort  as  in 
the  membranous  canals,  not  even  in  those  places  which  have  no  nerves ; 
they  do  not  appear  here  as  purely  flattened,  but  as  transitional  epithelial 
cells. 

If  we  tease  apart  the  epithelial'border  in  Man,  Mammals,  and  Fiahea, 
several  forms  of  cells  ai-e  to  be  observed  in  it.  First  of  all,  we  observe 
long  colupmar  calls  of  pretty  regular  tliickuess,  with  a  large  nucleus  at  the 
centi^l  end.  One  end  of  these  cells  is  broad,  the  other  terminates  as  a 
truncated  cone.  In  Frogs  and  Fishes  they  have  a  yellow  color.  These 
columnar  cells,  of  which  Ley  dig  first  furnished  a  detailed  desciiptiun 
in  the  £el,  Reich  in  the  Petromyzon  marinus,  and  M.  Schultze  in  the 
Ray  and  Dog-fish,  skirt  the  entire  inner  surface  of  the  epithelial  border, 
where  no  especial  layer  of  cells  exists.  Now  in  the  Cyprinoids,  adjoining 
closely  the  inner  surface,  there  are  short,  uniformly  thick,  bright  cylinders, 
containing  a  strongly  refracting  nucleus,  and  closely  applied  together,  which 
at  the  central  margin  of  the  auditory  hairs  exhibit  a  bright  pale  bonier. 
No  outrunners  ai-e  observed  in  them,  and  if  they  were  not  seen  in  situ, 
they  might  easily,  from  observations  made  of  single  ones,  be  regarded  as 
simple  cylinders  from  the  region  of  the  planum  semilunare. 

Those  forms  of  epithelium  truncated  at  both  ends,  which  are  present  in 
the  nerve-epithelium,  seem  to  be  only  those  supporting-cells  (HutsssdleH) 
between  which  the'  ends  of  the  fibre-cells  pass. 

These  spindle,  fibre,  or  rod  cells  exist  in  much  greater  numbers  than  the 
columnar  cells.  These,  are  the  bottle-shaped  or  fibre-cells  which  M.  Schultze 
first,  and  then  Odenius,  Kolliker,  Henle,  and  Hasse  have  desciibed  with 
great  unanimity.  They  show  a  spindle-shaped  form,  and  have  one  outrun- 
ner directed  towards  the  centre,  and  a  little  rod-shaped  protubei'ance  towards 
the  peripheiy.  Their  pale  appearance  in  the  fresh  condition  makes  them 
easily  distinguishable  from  the  other  cells,  but  only  their  reaction  with 
osmic  acid  appears  to  deserve  special  attention.  Taking  a  transverse  sec- 
tion through  the  ampullae  in  the  Cyprinoids,  and  observing  it  with  tho 
microscope  after  the  addition  of  osmic  acid,  one  perceives  after  a  while  thai 
in  proportion  as  the  nerves  color  themselves  dark  the  epithelial  border 
with  the  auditory  haii-s  also  takes  on  a  brown  color,  though  less  quickly. 
Finally,  next  the  inner  portion  of  the  epithelial  layer  darker  stripes  appear, 
which  can  be  traced  as  far  as  the  surface.  These  dark  strise  of  unequal 
thickness  are  placed  at  regular  intervals  from  one  another.  Finally,  if  we 
allow  the  epithelial  border  to  remain  a  longer  time  in  osmic  acid  the  single 
cells  can  be  isolated ;  and  then  it  is  apparent  that  in  the  spindle^haped 
fibre-cells  a  black-colored  stripe  is  to  be  seen,  which  I  feel  myself  entiUed 
to  claim  is  included  within  the  interior  of  the  cell. 
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'  ThiB  appears  as  the  cotititiuation  of  the  long  fibrilla,  and  is  oonnected 
with  the  nucleus  of  the  cell ;  that  is  to  say,  the  cell  nucleus  appears  just  as 
darkly  colored  as  the  thread  itself.  In  the  direction  of  the  peripheral  end 
the  scarcely  measurable  thread  extends,  and  in  cells  that  are  still  provided 
with  tbe  residue  of  the  auditory  hairs  it  seems  quite  as  if  there  was  no  lack 
of  continuity  between  the  dark  stria  in  the  interior  of  the  spindle-cell  and  the 
auditory  haurs.    Tliis  I  have  often  observed  in  the  ampulla  of  the  Cyprinoids, 

Fig.  400. 


Fig.  400.  Diagram  showing  the  nerve-termination.  1,  cartilage  of  the  ampullar 
wall ;  2,  stractoreleas  ampullar  wall ;  8,  doably-oontonred  nerve-fibres  ;  4,  axis  cyl- 
inder passing  through  the  basal  bolder ;  5,  rstiform  connection  of  the  fine  nerve-fibres 
with  nuclei;  6,  spindle-oells  with  nudei,  and  the  dark  thread  in  the  interior;  7. 
■apporting-0(Bll8 ;  8,  auditory  dlia. 

and  the  reaction  which  takes  place  in  the  spindle-cells  after  employing  the 
above-mentioned  acid  justi6es  also  the  supposition  that  nerve-fom  ations 
exist  here.  In  feust,  these  observations  harmonize  with  the  statements  which 
recently  were  recognized  in  the  ampulla  by  Von  Grimm.* 

Yon  Grimm,  by  employing  osmic  acid,  has  further  seen  the  black  color- 
ing in  the  spindle-cells  of  the  Cat.  Sometimes  in  the  simple  columnar  cells 
a  dark  coloring  of  the  nucleus  is  apparent,  but  in  such  easels  I  always  fidled 
to  observe  the  dark  strise  in  the  cell. 

The  existence  of  basal  cells  in  the  structureless  border  of  the  tunica  propria, 
which  M.  Schultse  has  described,  is  questionable  to  me.  I  am  unable  to  discover 
them  even  in  very  thin  sections  taken  in  situ.  On  one  occasion  only,  in  a  large  Sal- 
mon, I  believed  Uiat  a  tendency  to  striation  on  the  basal  bonier  might  be  considered 

*  Bulletin  de  TAcad^mie  imperial  des  sciences  de  St.  P^tersbouig. 

Digitized  by  VjOOQ IC 


1004  THE  MElfBBAFOUB  LABYRINTH. 

ua  a  xow  of  oelI&  If  the  entire  epithelial  lining  be  separated  from  the  tunica  ptopria, 
no  regular  row  of  eella  resting  on  the  basal  border  is  to  be  perceived,  nor  can  ttgdht 
rows  of  cells  be  recognized  on  the  isolated  layer  of  nerye-epithelinm.  M.  Schnltae 
has  also  already  informed  ns  that  the  basal  cells  did  not  occur  in  the  entire  extent  of 
the  comb  of  the  arista  aciutica,  bat  rather  on  the  oontigaons  portions. 

When  now  the  fine  nerve-fibres,  which  are  by  no  means  to  be  distinguished 
from  the  isolated  axis-cylinders,  enter  the  loose  epithelial  tunic,  numerous 
anastomoses  take  place,  and  thus  a  nerve-network  originates  which  has 
abundant  tumefactions,  both  at  the  commissures  and  also  in  the  fine 
fibrillffi.  Once  I  succeeded  in  obtaining  an  admirable  view  of  the  plexus. 
8till,  however,  the  nature  of  the  variously  formed  swellings  was  question- 
able to  me ;  for  I  am  unable  to  regard  these  as  ganglionic  cells,  as  Reich  has 
done,  though  quite  recently  observations  are  accumulating  pointing  to  the 
fact  that  nucleated  enlargements  on  the  fine  nerve-fibres  ai*e  to  be  regarded 
as  gangliform  elementary  elements,  as  in  the  gi-anule  layer  of  the  retina. 

The  fibres  pass  onward  from  the  fine  network  of  nerves,  dispose  them- 
selves vertically  in  the  epithelium,  and  I  believe  that,  supported  by  numer- 
ous obsei-vations,  I  may  claim  that  the  threads  which  enter  the  spindle- 
shaped  cells  represent  the  continuation  of  nerves.  And  if  the  dark  8tri« 
and  the  nucleus  of  the  spindle  cells  are  to  be  regarded  as  nervous  formations 
l)ecause  they  color  themselves  dark  in  osmic  acid,  the  auditory  hairs  can 
also  be  taken  for  gradually  tapering  prolongations  of  the  flask-cells.  These 
pass  between  the  columnar  cells  supporting  them,  and,  indeed,  at  those  points 
where  the  angles  of  the  polygonal  cells  meet.  If  the  auditory  hairs  do  not 
assume  a  black  color,  they  certainly  do  show  a  brown  hue  sooner  than  any 
other  tissue  on  the  wall  of  the  ampulla. 

Thus  we  should  have  among  the  nerve  epithelia  of  the  ampull»  and 
saccules  a  number  of  cylindrical  supporting  cells,  which  develop  spaces  and 
fine  canals  between  them  for  the  reception  of  these  spindle-shaped  nerve- 
cells,  which  might  be  regarded  as  bearers  of  the  terminal  organs  of  vestibular 
nerves.  I  must  mention  here  tliat  F.  £.  Schultze  has  observed  in  Sea- 
gudgeons  (Gobius  niger  ?)  that  the  primitive  nerve  fibres  are  directly  con- 
tinuous with  the  auditory  hairs. 

From  the  drawing 'furnished  by  this  author  it  would  appear  that  the  epi- 
thelial cells  had  not  yet  become  visible,  owing  to  the  early  stage  of  devel<^ 
ment  in  the  animals  examined. 

M.  Schultze  and  C.  Hasse  affiim  that,  in  the  neighborhood  of  the  nerve- 
hill  of  the  crista  acustica  and  macula  acustica,  cells  stellate  in  form  or  con- 
taining pigment  appear  in  various  classes  of  animals.  These  bodies  are 
placed  between  the  simple  columnar  cells  of  the  sloping  sides  of  the  nerve- 
hill.  A  more  comprehensive  statement  in  regard  to  their  special  arrange- 
ment is  to  be  found  in  the  excellent  works  of  the  two  authors. 

As  for  the  auditory  hairs,  Ecker,  Reich,  and  Leydig  were  the  first  to  de- 
tect the  existence  of  ciliated  cells  in  the  membranous  labyrinth.  M.  Schultze, 
however,  was  the  first  to  acquaint  us  with  the  true  nature  of  these  hairs. 
This  investigation  has  furnished  a  proof  that  they  are  long,  stiff,  gradually 
tapering  fibres,  whose  broader  bases  border  the  nerve-epithelium,  and  whose 
finely  pointed  extremities  are  surrounded  by  the  endolympb,  even  if,  as  I 
suppose,  they  are  not  covered  by  a  curiously  organized  cap. 

As  for  the  formation  which  Leydig  has  observed  and  sketched  in  the  am- 
pulla of  the  Pigeon,  M.  Schultze  and  I  regard  it  as  a  collection  of  epithelial 
cells  detached  from  the  ciista  acustica  and  its  vicinity.  In  Fiidies  and 
Birds,  however,  I  have  found  an  especial  structure,  delicate  and  composed 
of  fine  cells,  which  exists  at  a  point  corresponding  with  the  ampullar  ridge. 
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where  the  auditory  hairs  have  their  seat,  but  the  precise  relations  of  which 
I  have  thus  far  failed  to  get  a  satisfactory  notion  of. 

The  length  of  the  auditory  hairs  in  the  Eay  amount,  according  to  M. 
Schultze,  to  0.04'"  P.  They  are  placed  at  regular  intervals  apart,  and 
change  their  contoui*  and  appearance  very  rapidly  under  the  action  of  vari- 
ous reagents. 

Though  the  greatest  care  has  been  exercised  in  my  manipulations,  I  have 
uniformly  found  in  Mammals,  Fishes,  and  Frogs  that  the  basal  portion  of 
the  auditory  hairs  was  thicker  than  Schultze  has  described  and  drawn  it. 

Fig.  401. 


Fig.  401.  Longitudinal  section  through  the  ampulla  of  the  Bird.  1,  honj  wall ; 
2,  perioeteum ;  3,  free  space  between  the  bony  and  membranous  canals  ;  4,  wall  of 
the  ampulla  adjoining  the  bone ;  5,  thickened  crista  acustica ;  6,  nerve  fibres ;  7, 
qjlindrical  floor  cells  about  the  nerve-hill ;  8,  line  of  demarcation  between  cjb'ndrioal 
and  pavement  cells ;  9,  flattened  epithelium ;  10,  transition  from  ampulla  to  mem- 
branous canal. 

The  difi'erence  in  the  coui*8e  of  the  nerves  in  the  moderately  thickened 
tunica  pro[>ria  of  the  maculae  acusticse  of  the  saccules  amounts  to  this,  as 
Henle  has  stated,  that  an  actual  linear  course  does  not  exist,  as  in  the  am- 
pullar ridge.  In  other  respects  the  same  histological  relation  between  nerve 
and  epithelium  is  to  be  recogfiized  here  as  in  the  Hmpulla. 

Especially  striking  to  the  eye  are  the  vesicular,  structureless  formations 
which  appear  in  close  rows  both  in  the  auditory  hairs  of  the  crista  acustica 
and  ako  in  the  planum  semilunare.  I  have  seen  tiiem  be.st  in  osmic  acid 
preparations  of  (Jyprinus.  In  this  animal  they  npi'esent  an  uneven  border 
on  the  inner  suiface  of  the  epithelium,  over  its  entire  extent  (fig.  402). 

In  these  Fishes  the  auditory  hairs  seem,  under  certain  conditions,  to  be 
oemented  together  by  a  glutinous  material,  for  sometimes  we  observe  in 
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them  a  regularly  formed  conical  eminence  (cupola  terminalis)  on  the  epithe-' 
lial  border  of  tibe  ampullar  ridge  (fig.  402),  and  this,  in  some  of  my  prepa- 
rations, occupies  more  than  two-thirds  of  the  ampullar  space.  It  has  a 
slightly  striated  chai'acter,  and  the  striss  run  parallel  from  the  base  to  the 
apex  of  the  cone.  Still  these  striae  do  not  appear  to  traverse  all  points  of 
the  hill,  for  by  focalizing  a  certain  point  in  its  centre  a  finely  granulated 
subetance  appears.  On  several  occasions  I  believed  that  I  had  seen  ii  cov- 
ered by  a  hood  formed  of  delicate  cells.  Lang  has  denied  the  existence  of 
auditory  hairs  in  the  Cyprinoids,  and,  instead,  has  described  the  hill  as  the 
terminal  apparatus  of  the  ampullar  ridge.  Now  I  believe  that  in  this  hill 
the  auditory  hairs  are  cemented  together,  but  sometimes  very  careful  exami- 
nation is  required  to  detect  this  condition. 

Fig.  408. 


Fig.  402.  TTanaverse  neotion  through  the  ampolla  of  Cypiinus  carpia  1,  ampullar 
roof ;  2,  lateral  wall  of  the  ampulla  ;  3,  thickened  portion  of  the  lateral  wall  corre- 
sponding to  the  planum  semilonare ;  4.  5, 0,  floor  of  the  ampulla  crowded  with  nerret ; 
7,  nerve  epithelium ;  8,  columnar  cells ;  9,  planum  semi-lunare ;  10,  stmctoreleM 
formations  lodgfed  on  the  epithelium  ;  11,  flattened  epithelium ;  12,  cupola  terminalia. 

Finally,  there  still  remain  two  apparatuses  of  the  saccules  which  must  be 
mentioned.     They  are  : — 

First.  The  Aqueductus  vestibuli,  and 

Second.  The  Canalis  reuniens. 

Biittcher  has  recently  drawn  attention  to  the  first. 
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The  process  in  the  bony  Aqueductus  vestibuli,  which  extends  from  the  pos- 
terior sui-faoe  of  the  pars  petrosa  towards  the  vestibulum,  has  also  been 
known  and  described  for  ages  as  the  Aqueductus  vestibuli.  Bottcher  has 
recognized  in  this  process  an  epithelial  canal  siirrounded  by  a  nucleated 
connective  tissue,  and  invested,  on  its  uneven  inner  surface,  with  a  vascular 
(?)   flattened   epithelium,  and   very  similar  to  the  stria   vascularis   of  the 

,  cochlea. 

The  simple  camU  lying  in  the  aqueduct  ends,  on  the  posterior  surface  of 

'  the  pars  petrosa,  with  an  abrupt  enlargement,  and  in  the  vicinity  of  the  sac- 
cules, divides  into  two  hollow  limbs,  of  which  one  is  continuous  with  the 
sacculus  rotundus,  the  other  with  the  utricle.  The  cavities  of  the  two  sac- 
cules appear  thus  in  mutual  intercommunication.  On  cross-section  of  the 
Aqueductus  vestibuli  I  have  observed  in  a  portion  of  its  wall  a  pretty  large 
plexus  of  vessels,  so  that  HyrtPs  statement  that  it  is  designed  for  the  sup- 
port of  the  veins  must  claim  our  support. 

The  cantilis  reuniens  is  only  limited  to  the  round  sacculus.  It  was  dis- 
covered by  Hensen,  and  confirmed  by  Yon  Reichert,  Henle,  add  myself.  It 
is  attached  to  the  periosteum,  and  only  differs  histologically  fi*om  the  saccule 
wall  in  having  a  finer  character.  This  canaliculus  establishes  a  communica- 
tion between  the  round  saccule  and  the  ductus  cochlearis,  so  that  the  former 
represents  the  blind  vestibular  end  of  the  most  important  cochlear  division 
of  the  labyrinth,  just  as  the  utricle  forms  the  blind  vestibular  end  of  the 
membranous  labyrinth. 

5.   OtolUJiS. 

The  otoliths  enclosed  in  the  albuminous  endolymph  of  the  membranous 
labyrinth  exhibit  striking  differences  as  to  consistency,  size,  and  form,  in 
different  animals.  They  are  held  pretty  firmly  together  by  a  clear,  tough 
substance.  In  Reptiles  and  osseous  Fishes  these  bodies  are  beautifully 
formed,  and  have  a  considerable  size,  while  in  Birds,  Mammals,  and  Man^ 
£hey  ^pear  either  in  the  amorphous  condition  or  as  rhombic,  hexagonal, 
or  small  octagonal  crystals.  In  one  and  the  same  animal,  however, 
otoliths  of  varying  size  and  form  are  observed.  Three  or  four  otoliths 
of  most  beautiful  form  are  found  in  the  osseous  Fishes,  where  they  have  a 
fixed  position,  both  in  the  saccule  and  in  the  ampullae.  In  Man  and  Mam- 
mals they  are-  seen  as  white  spots  on  the  maculie  acusticie,  and,  both 
here  as  well  as  in  the  other  animals,  are  held  fiimly  in  place  by  a  tough 
gelatinous  substance,  which  Lang,  in  describing  the  Cyprinoids,  has  regarded 
as  a  fenestrated  membrane  proper.  (According  to  Kolliker  it  is  a  cuticular 
formation.) 

Both  Deiters  and  Hasse  assert  that  a  fenestrated  cuticular  formation  rests 
on  the  inner  surface  of  the  columnar  epithelial  cells  in  the  stone  sac  of  the 
Frog,  by  which  contact  with  the  otoliths  was  prevented.  This  I  have  seen 
very  beautifully  in  cross-sections  through  the  Frog's  ear  in  situ.  The  oto- 
liths are  formed  essentially  of  carbonate  of  lime ;  but,  according  to  Henle, 
when  treated  with  an  acid,  a  residue  remains  which  consists  of  organic  sub- 
stance (otolith  cartilage).  Leydig  has  observed,  at  the  poles  of  the  otoliths 
in  t^e  Mountain  Cock  (Auerhahn),  when  treated  with  bichromate  of  potash, 
curious  markings,  which,  becoming  acuminate,  are  directed  inwards  (fig. 
403,  10). 

Mention  must  be  made  of  the  fact,  that  in  Man  and  Birds,  both  in  the 
membranous  and  semicircular  canals,  and  especially  in  the  horizontal,  and 
also  (as  Hyrtl  adds)  in  the  serum  of  the  cochlear  passages,  otoliths  an) 
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observed  in  great  mimbers,  even  at  the  time  when  the  vestibule  remained 
intact.  In  this  case  it  cannot  certainly  be  chiinied  that  they  have  reached 
the  passages  from  the  utricle. 

r>.    The  Oval  Wimicw  and  its  Connection  with  the  Dose  of  tJie  Stirrup. 

Most  authors  describe  the  insertion  of  the  base  of  the  stirrup  into  the 
oval  window  as  if  it  were  an  exceedingly  simple  matter,  though  I  find  it  a 
pretty  complicated  mechanism,  and  a  fact  which   Soemmering,*   too,  has 

Fig.  403. 


Fisr.  403.  Otolitha  from  different  classes  of  animals.  1,  from  the  Goat;  2,  from 
the  Herring;  3,  from  the  Sea-Devil;  4,  from  the  Mackerel;  5,  froTn  Pternia  voli- 
tans  (after  Breschet) ;  6,  from  the  Pike ;  7.  from  Cyprinus  carpio ;  8.  from  the  Rey 
(after  Leydig) ;  0.  from  Scymniis  lichia  (after  Leydig);  10,  from  the  Mountain  C«<(k 
(Auerhahn,  after  Leydig). 

alluded  to,  for  he  says  **  that  the  base  of  the  stirrup  is  attached  to  the  semi- 
oval  window  by  a  delicate  articular  capsule."  Now,  whether  Soemmering, 
under  the  name  of  articular  capsule,  meant  to  imply  that  there  was  an 
actual  articular  connection,  or  only  a  fibrous  lamella,  similar  to  a  fibrous 
articular  ca})sule,  is  impossible  to  make  out,  from  the  short  notice  he  makes 
of  the  matter.  Several  authors  speak  of  a  simple  fibrous  connection  which 
they  characterize  as  the  ligamentum  orbiculare  baseos  stapedis. 

It  was  reserved  for  the  indefatigable  Toynbee  to  furnish  a  more  exact  de- 
s-^ription  of  the  union  between  the  footplate  of  the  stirrup  and  the  oval 
window. 

Toynbee  f  first  drew  attention  to  the  difference  in  form,  which  is  cer- 
tainly important  from  a  physiological  point  of  view,  between  the  anterior 
and  posterior  border  of  the  base  of  the  stirrup.  This  author  also  was  the 
first  to  describe  the  hyaline  cartilage  at  the  oval  window  and  base  of  tlie 
stirrup. 

*  Vom  Baa  des  mensohlicben  Korper's.     Frankfort,  1796.     Part  11.  page  19. 
f  Biitiah  and  Foreign  Medko-Chirurgicdl  Review^  1853. 
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A  comparuion  of  the  anterior  with  the  posterior  end  of  the  base  of  the  stir- 
rup, in  successful  preparations,  shows  that,  besides  the  increase  in  thick- 
ness observed  in  these  places,  posteriorly  the  pretty  high  surface  of  contact 
forms  almost  a  right  angle  with  the  vestibular  surface  of  the  foot-plate,  and 
that  the  foot-platf  juts  off  from  the  posterior  arm  of  the  stirrup  in  the  form 
of  a  process.     (Fig.  404.) 

The  surface  of  contact  on  the  an  tenor  margin  of  the  foot-plate  appears  to 
form  an  acute  angle  with  the  vestibular  surfiice,  is  somewhat  lower  than  the 
posterior,  and  the  entire  anterior  extremity,  which  overrides  the  corre- 
sponding arm,  appears  somewhat  longer  than  the  posterior,  and  it  may  cer- 
tainly be  claimed  that,  on  account  of  the  oblique  surface,  and  the  greater 
length  of  the  anterior  border  of  the  foot-plate,  a  certain  resistance  is  opposed 
to  die  action  of  the  voluntary  stapedius  muscle. 

The  bordei-s  of  the  base  of  the  stirrup,  already  mentioned,  are  covered 

Fig.  404. 


Fig.  404.  Horiioiital  oross-Mctioii  through  the  base  of  the  stimip  which  is  oon- 
neoted  with  the  posterior  maigtn  of  the  oval  window.  1,  boDy  margin  of  the  bane, 
with  oovering  of  hyaline  cartilage ;  3,  thin,  bony  lameUa  of  the  baae ;  4,  angle 
between  the  arm  of  the  stirrap  and  the  prominent  border  of  the  base ;  5,  posterior 
margin  of  the  oval  window,  with  the  hyalioe  cartilaginoos  covering  ;  6,  cartilage  od 
the  vestibolar  sarfaoe  of  the  base,  with  the  perlchondriam  ;  7,  l^mentnm  baseos 
stapedis  vestibnlare ;  8,  ligamentum  baseos  stapedis  tympanicnm  ;  9,  elastic  fibre 
layer  ;  10,  interspaces  between  the  fibres;  11,  bony  ridge;  12  and  13,  mosonlns 
fixator  baseos  stapedis. 

with  a  hyaline  lamella  of  cartilage,  which  exhibits  on  cross-section  a  diam- 
eter varying  between  0.012  and  0.024  millim.  Where  the  surface  of  the 
bone  is  uneven,  the  hyaline  cartilaginous  substance  sinks  in,  to  produce 
here,  as  in  the  other  bony  connections,  a  uniform  evenness  of  surfjEU^.  Still, 
not  only  is  the  anterior  and  posterior  border  of  the  stapedial  foot-plate  cov- 
ered with  this  cartilage,  but  the  entire  vestibular  surface  of  the  stirrup  is 
also  overspread  in  the  same  way. 

At  the  last-mentioned  point  the  cartilage  is  covered  with  a  nucleated 
fibrous  tissue,  the  perichondrium,  which  ranks  among  the  investing  tissues 
of  the  vestibule. 

The  homogeneous  basis  substance  of  the  cartilage  is  distinguished  from 
64 
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the  contiguons  bone  tissue  by  its  yellowish  oolor;  in  stained  prepaim- 
tions  the  rounded  cartilage  cells  contrast  very  markedly  with  the  neady 
colorless  inter-ceUular  subcrtance,  owing  to  the  deep  color  their  nndei  as- 
sume. 

In  the  middle  of  the  vestibular  surface  of  the  base  of  the  stirrup  the  form 
of  the  cartilage  cells  changes,  for  here  they  assume  a  lengthened  form,  and 
are  all  parallel  with  the  longest  diameter.  The  edge  of  the  oval  window, 
too,  is  provided  with  a  hyaline  covering  of  cartilage.  On  the  posterior  bor- 
der, it  is  as  stout  as  the  corresponding  layer  on  the  confronting  sur&ce  of 
the  stirrup ;  anteriorly,  however,  it  measures  from  0.040  to  0.048  millim. 
Towards  the  cavity  of  the  tympanum  this  cartilage  has  a  more  distinct  out-  ^ 
line  than  in  the  vestibule,  where  it  passes  out  over  the  border  of  the  oval 
window,  and,  tapering  down,  levels  the  surfikce  of  t^e  vestibule  for  a  short 
distance. 

On  the  hyaline  cartilage,  both  at  the  oval  window  and  also  along  the  nuur- 
gin  of  the  stapedial  foot-plate,  there  is  a  uniformly  stout,  essentially  elastic 
fibrous  layer,  which  is  very  tkuck  and  attracts  the  eye  by  the  deep  coloring 
it  shows  in  stained  preparations.  These  fibres  run  out  fiiom  the  cartilage 
to  meet  one  another,  and  at  the  point  where  both  are  in  contact  a  reticu- 
lated system  is  formed  by  a  net-like  union  of  the  bundles.  The  interspaoea 
are  filled  with  fluid. 

In  the  direction  of  the  vestibule  and  tympanic  cavity  the  thick  elastic 
tissue  extends  from  one  cartilage  to  another,  and  forms  a  ligamentum  orhi- 
culare  baseos  stapedis  vestibulare,  and  within  the  tympanic  cavity  a  weakar 
ligamentum  orbiculare  baseos  stapedis  tympanicum. 

The  latter  is  connected  Vith  the  mucous  membrane  of  the  tympanum, 
without,  however,  being  so  sharply  separated  from  the  surrounding  parts  as 
is  represented  in  hg,  405. 

Along  the  up|)er  and  lower  margin  of  the  base  of  the  stirrup  the  attach- 
ment changes  its  character  so  &r  that  the  uniformly  thick  border  of  the 
base,  which  is  pretty  prominent  near  the  tympanic  cavity,  has  somewhat 
smaller  surfaces  of  contact  than  those  described  in  the  anterior  and  poa- 
terior  end.  Here  also,  however,  there  are  cartilaginous  investments,  which  be- 
come somewhat  stouter  as  they  approach  the  middle  of  the  vestibular  sur&ce 
of  .the  base.  Union  with  the  cartilaginous  covering  takes  place  through  an 
elastic  fibre  layer,  in  whose  centre  the  interspaces  which  communicate  with 
one  another  appear  more  sparsely  than  in  the  anterior  and  posteiior  border. 

The  connection  of  the  stirrup  with  the  oval  window  is  neither  a  pure 
^syndesmosis  nor  a  synchondrosis,  but  a  form  of  union  exists,  which,  to 
classify  it  accurately  under  the  different  varieties  of  joints,  is  most » nearly 
allied  to  the  so-called  semi-articulations. 

It  only  differs  from  these  articulations  in  the  fact  that  a  larger  number 
of  inter-communicating  cavities  exist,  while  the  semi-articulations  are 
eharacterixed  by  an  irregularly  defined  formation  of  cavities. 

Now  apart  from  the  speciiiJ  designation  of  this  attachment  we  wish  the 
!&ct  emphasized,  that  the  stapedial  foot-plate  is  curiously  inserted  in  the 
oval  window,  a  fact  which  Helmholtc  has  established  experimentally. 
Hehnholtz  proved  that  the  capacity  of  motion  in  the  stapedial  base  is  very 
^small,  the  entire  amount  of  excursion  in  the  stapes  being  from  -^^  ^ 
.millim.  According  to  previous  statements  as  to  the  connection  between 
the  stirrup  with  the  oval  window,  a  greater  capacity  for  motion  had  to  be 
claimed. 

Yet  the  diameters  of  the  bony  oval  window  are  so  far  diminished  in  a*l 
directions  by  the  .elastic  cushion,  the  hyaline  cartilage,  that  the  basis,  with 
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its  cartilage  and  its  broad  surfaoea  of  contact,  fits  in  so  closely  that  little 
space  is  left  for  play. 

I  have  still  to  allude  to  angther  arrangement  on  the  tympanic  surface  of 
the  base  of  the  stirrup,  and  which,  in  view  of  the  i-esearches  thus  far  come 
under  my  notice,  I  should  like  to  regard  as  a  vegetative  muscle,  the  mut- 
cuius  JuaUor  haseoa  atapedU.  In  the  tympanic  cavity,  one  millimetre 
distant  from  the  oval  window  along  the  posterior  and  upper  border,  there  is 
a  thin  ridge  of  bone  which  has,  in  transverse  section,  a  diameter  of  O.OKQ 
millim.  This  on  surfiEkce  view  appears  as  a  slight  curved  ridge,  shaped 
like  the  letter  S,  and  ends  with  an  obtuse  angle,  which  confronts  the  pro- 
minent border  of  the  base  of  the  stirrup.  Its  significance  is  only  apparent 
on  cross-sections.  The  relation  which  the  mucous  membrane  bears  to  this 
bony  ri<^  is  the  same  as  it  has  to  all  other  prominent  formations  in  the 
tympanic  cavity. 

Fig.  4as. 


Y'^i.  4D5.  Horisontsl  leotioii  through  the  antsrior  border  of  the  base  of  the  stimip, 
at  its Jimction  with  the  oral  window. 

1,  Jagged  border  of  the  base  with  its  osrtilage  ;  3,  footplate ;  8,  anterior  arm  ;  4, 
border  of  its  otsI  window  with  the  hyaline  cartilage ;  5,  ligamentom  baseoa  stapedis 
^mpanienm;  G,  ligamentom  baseoa  stapedis  restibolare ;  7,  layer  of  elastic  fibres  at 
the  OTal  wmdow ;  8,  the  same  at  the  base  of  the  stirrup ;  9,  reticulated  system  in 
the  centre  of  tlie  fibrous  layer.  Both  margins  at  the  base  are  not  so  jagged  as  in  the 
acoompanjing  diagram. 

The  direct  continuation  of  this  bony  ridge  appears  to  be  a  t/elUno-colored 
firtn  tiamiey  which  is  attached  in  the  angle  between  the  side  of  the  stirrup 
and  the  somewhat  expanded  portion  of  the  foot-plate.  This  tissue,  how- 
ever, is  not  only  connected  with  the  bone,  but  with  the  cartilaginous  cover- 
ing too  (fig.  404).  Now,  on  cross-sections  that  have  been  stained  we 
observe  long  colored  stri»,  which,  when  isolated,  prove  to  be  spindle- 
shaped  cells ;  at  the  present  time  I  can  only  regard  them  as  fibre  cells. 

The  attachment  of  the  fixator  baseos  stapedis  is  not  only  confined  to  the 
posterior  end  of  the  base  of  the  stirrup,  though  here  it  is  strongest,  but  ex- 
tends also  towards  the  upper  border,  and  in  virtue  of  the  direction  of  its 
action  may  be  regarded  as  the  antagonist  of  the  voluntary  stapedius  muscle ; 
for  it  fixes  the  base  at  that  point  where  it  is  forced  against  the  vestibule 
through  the  one-sided  working  of  the  musculus  stapedius. 
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IV.    AUDITORY  NERVE  AND   COCHLEA. 
By  W.  WALDEYER 

BRIEF  8UMEART  OF  THE  OOMFAEATIYE  ANATOMY  AND  EMBBTOLOOT. 

The  apparaiua  of  the  semicircular  ca/nah  (utrictdus  and  membranous 
semicircuiar  canals),  which  has  b^n  treated  of  in  the  preceding  chapter,  is 
found  in  a  perfect  state  of  development  in  most  of  the  Fishes  ;  the  second  divi- 
sion, however,  of  the  membranous  labjrinl^,  the  apparaivs  of  the  cocMeOj 
belongs,  in  its  full  state  of  development  only,  to  the  higher  classes  of  Verte- 
brates. The  apparatus  of  the  cochlea  includes  the  aaccultiSy  which  in  its  his- 
tological character  resembles  more  closely  the  utriculus  (see  preceding 
chapter),  and  a  passage-way  with  blind  termination  which  starts  from  the 
saccukis — ^the  ductus  cochUaria, 

The  first  trace  of  a  ductus  cochlearis  is  found  in  the  Osseous  Fishes,  in 
which,  according  to  Basse's  (25)  conclusive  statement,  a  small  divertide  of 
the  sacculus  (fig.  406,  J  C) — Breschet's  (5)  so-called  cyaticula — v^  to  be 
regarded  as  a  rudimentary  cochlea. 

In  the  Amphibia  several  divisions  of  the  sacculus  can  be  distinguished  as 
belonging  to  the  cochlea ;  these,  however,  with  the  exception  of  one  small 
sac-like  projection,  which  is  rather  more  prominent  than  the  rest,  and  corre- 
sponds to  the  cysticula  of  Fishes  and  the  lagena  of  Birds,  scarcely  rise  above 
the  level  of  the  wall  of  the  sacculus  (stone-sac)  ;  they  are  rather  to  be  con- 
sidered as  single  thickened  portions  6f  the  wall  of  the  sac  [(Deiters  (15), 
BEasse  (24)],  which  are  provided  with  special  nerve-termiuaUons. 

A  higher  stage  of  development  is  found  in  the  cochleal  apparatus  of  Rep- 
tiles and  Birds.  In  the  former  all  the  subdivisions  of  the  cochlea  rise  above 
the  level  of  the  sacculus  in  the  form  of  a  conical  appendage  :  this  is  parti- 
cularly the  case  in  Crocodiles,  which  in  this  respect  most  resemble  Birds. 
In  the  latter  the  sacculus  and  utriculus,  as  EQafse  has  made  probable 
{Zeiischr.  f.  wiss,  Zool.^  Bd.  17,  p.  631),  are  fused  into  an  alveus 
communis  (fig.  406,  IIj  VS) ;  the  canal  of  the  cochlea  {€)  ia  very  much 
lengthened,  and  has  several  subdivisions:  the  commencing  portion  or 
the  cochlea  proper  (  UC)  and  the  flask-shaped  terminal  portion — the  lagena 
(X)  (Windischmann).  Here,  too,  we  meet  with  the  first  indication  of  a 
spiral  course  in  the  cochleal  canal.  The  latter  communicates  with  the 
alveus  by  means  of  a  narrow  passage,  the  ocmalis  reimiene  (Hensen),  which, 
according  to  Hasse's  experience,  seems  often  in  fuU-gi'own  Birds  to  become 
obliterated — at  all  events,  there  is  sometimes  found  only  a  small  vessel  in  its 
stead. 

Fig.  406,  III  gives  a  diagrammatic  representation  of  the  Mammalian 
labyrinth ;  the  apparatus  of  the  semicircular  canals  and  the  cochleal  portion 
communicate  with  each  other  only  by  way  of  the  aquooductus  vesHbuli  {Ji) 
(see  precedirg  chapter)  (Boettcher  (S)).  The  ductus  cochlearis  ( (7),  it  will 
be  seen,  has  attained  extraordinary  proportions,  and  constitutes  the  chief 
bulk  of  the  labyrinth ;  it  has  also,  as  in  the  case  of  Birds,  almost  entirely 
emancipated  itself  from  the  sacculus,  with  which  it  is  connected  only  by 
means  of  the  narrow  canalis  reunions  ( Or).  The  canalis  reuniens  starts 
from  the  vestibular  wall  of  the  ductus,  the  membrana  Beissneri  (see  farther 
on);  it  empties  into  the  cochleal  cuial  at  nearly  a  right  angle,  and  just 
beyond  it  lies  the  vestibular  blind  sac  (Reichert)  (  K ).   The  other  end  of  the 
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oochleal  canal  also  ends  abrupilj — blind  §ae  of  the  cupola  (Reickert)  (J7). 
The  canalifl  reuniens  and  both  blind  sacs  are  lined  with  only  a  short  cjlindri- 
cal  epithelium,  and  receive  no  fibres  from  the  N.  acusticus.   The  oochleid  oanal, 

Fig.  406. 


€"' 


-^l/J 


Fig.  406.  Three  disgnuaunatio  dxawinga  to  iUuatrate  the  relations  of  the  labTrinth 
of  the  ear  in  the  Yertebrated  aeries.  /,  diagram  of  the  Fish'a  labyrinth ;  £/,  utri- 
culaa  with  aemioircular  canals ;  8^  aamsnlas;  (7,  cysticiila;  B,  aqnapductos  Tsstibtdi ; 
//,  diagram  of  the  Bird's  labyrinth ;  Uoy  alvens  oommanis;  Oy  ooohlea;  UO,  com- 
mencing portion  of  the  oodilea;  L,  lagena;  O,  oaaalis  renniens;  a,  same  as 
abore ;  ///,  diagram  of  the  Mammalian  labyrinth ;  U.  3^  Or^  same  as  abore ;  B, 
aqoaDdactns  yestibuli,  dividing  into  two  arms  for  the  ntncolns  and  saocolns ;  C,  duc- 
tus cochlearis,  with  F,  the  yestibolar  blind  sac,  and  JS,  the  blind  sac  of  the  onpda. 

which  really  merits  its  name  only  in  Mammals,  winds  spirally  round  an 
osseous  axis,  the  modiolus.  The  number  of  turns  vaiies  in  the  different 
species  from  1^  to  5  ;  in  some  varieties,  as  in  the  Planorbis  (Oetaoea),  the 
turns  lie  more  in  one  plane,  while  in  others,  as  the  Clausilia  (Ouinea^vig)  for 
instance,  they  wind  round  the  modiolus  at  a  steep  angle — flat-  and  steep- 
coiled  cochlea. 

For  details  concerning  the  sacculus  I  shall  refer  the  reader  to  the  pre- 
ceding chapter.  In  consideration,  however,  of  the  fact  that  the  stracture 
of  the  cochlea  is  somewhat  complicated,  I  deem  it  advisable  to  pre&ce  the 
histological  description  with  a  short  account  of  the  osseoua  house  of  the 
cochlea,  and  of  the  situation  of  the  ductus  cochlearis,  together  with  a 
sketch  of  the  development  of  these  parts.  I  shall  conmienoe  with  the 
cochlea  of  Mammals  and  of  Man. 

The  median  section  through  the  axis  of  the  Human  cochleal  house — £g, 
407 — reveals,  embedded  in  the  hard  substance  of  the  petrous  bone,  a 
tubular  canal,  which,  with  constantly  diminiahing  calibre,  coils  round  the 
osseous  axis,  and  above  ends  blindly  in  the  so-called  cupola ;  the  axis  itself, 
as  it  approaches  the  cupola,  constantly  diminishes  in  size.  Hiis  canal  is 
traversed  throughout  its  entire  length  by  a  septum,  partly  osseous,  partly 
membranous — the  lamina  tpiralu — which  on  &e  outer  side  splits  up  into 
two  layers,  that  are  attached  to  the  bony  wall  of  the  cochlea,  and  enclose 
the  ductus  cochlearis  (fig.  407,  Z  sp).    In  this  way  the  bony  oochla^l  cansl 
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is  divided  by  the  ductus  ooohlearis  and  its  two  attachtnents — the  osseous  to 
the  modiolus,  and  the  membranous  to  the  outer  wall — into  two  chambers, 
the  iCcUa  tympani  {ST^  and  the  scala  ve$Hhul%  {fSV)^  which  communicate 
with  each  other  only  in  the  cupola,  through  a  fine  opening — Breschet's 
hdioo^ema.  The  scala  tympani  terminates  blindly,  being  separated  from  the 
tympanic  cavity  by  the  membrane  of  the  fenestra  rotunda ;  the  scala  vesti- 

Fig.  407. 


MU^iAiA 
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Fig.  407.  Section  of  the  cochlea  of  a  Haman  embryo  at  the  fourth  month.  ^. 
a,  a,  a,  cartilaginoas  ineasement  of  the  oo<^ea ;  6,  6,  perichondriom ;  6,  mucoid  tis- 
sue matrix  of  the  modiolos;  d,  d^  cartilaginouB  septa  of  the  indiyidnal  turns 
of  the  cochlea ;  0— 44*  sections  of  the  ductus  ooohlearis ;  /,  fu  Beissner's  membrane ; 
g^  membrana  tectoria.  somewhat  lifted  op  from  the  subjacent  parts ;  A,  rudiment  of 
the  stria  TaMmlaris ;  t,  rudiment  of  the  subsequent  oigan  of  Gorti ;  L  «p,  lamina 
spiralis;  Ql^  GUi,  ganglion  spirale  with  various  efferent  and  afferent  bundles  of 
nerves;  ^7'.  soala  tympani:  8V,  scala  vestibuli ;  8T1,  8Vi,  ST,,  mucoid  tissue 
where  later  the  sca]»  Of  the  last  coohleal  turn  will  be. 

buli  communicates  directly  with  the  perilymphatic  sfmce  of  the  vestibular 
sacs. — The  situation  of  the  duct  in  the  cochleal  house  corresponds  there- 
fore to  that  of  the  membranous  semicircular  canals  and  sacs  in  the  remain- 
ing portion  of  the  labyrinth  (see  preceding  chapter).     Like  these,  it  is  at- 
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tached  eccentrically  to  the  outer  wall  of  the  canal,  and  indeed  on  two 
BideB. 

The  medial  (with  reference  to  the  axis)  plate  of  attachment,  which  at  the 
same  time  carries  the  nerveB,  is  here  drawn  out  to  a  great  length,  and  is 
ossified  (UMnina  spirtdis  oseea)  ;  the  lateral  plate  of  attachment,  which  chiefly 
carries  vessels  (fig.  407,  the  connective  tissue  between  h  and  b  ;  figs.  408 
and  409,  e  e),  forms,  as  seen  in  cross-section,  a  thick  semi-lunar  cushion 
— Kolliker's  liffamentum  spirale  (see  page  1020). 

The  ductus  cochlearis  (fig.  407,  e-e^^  figs.  408  and  409,  D.  C.)  represents 
in  the  Adult  (on  cross-section)  a  thi-ee-sided  canal-shaped  space,  which  is 
shut  in  on  all  sides  by  a  connective- tissue  membrana  propria :  on  the  tym- 
panic side,  by  the  membrama  banlaris  {f-L.  iSp.)^  which  is  united  to  the 
crista  apiralis  (B-Cr.,  figs.  408  and  409)  in  the  wlcus  spiralis  inUmus 
{8,  Spy  t) — the  entire  tympanic  side  is  understood  to  extend  from  the  letter 
Ji  to  the  letters  X.  8p,:  on  the  vestibular  side,  by  Reissner's  mem- 
brane ^/i,  fig.  407,  Jt-Ay  fig.  408);  kterally,  by  a  layer  of  vascular 
connective  tissue  which,  through  the  above-mentioned  semi-lunar  cushion  of 
connective  tissue,  is  continuous  with  the  periosteum  of  the  cochlea  {e  «,  figs. 
408  and  409).  On  the  inner  side  the  membrana  Reissneri  and.  the  crista 
spiralis  unite  at  a  more  or  less  acute  angle. 

In  the  remainder  of  this  article  we  shall  term  all  the  surf  aoes  that  look  toward  the 
modioIoB  of  the  cochlea  **  inner  *^  (medial),  and  those  that  are  tamed  towazd  the 
outer  wall  of  the  bony  cochleal  canal  **  outer*'  (lateral).  Whatever  runs  in  the  di- 
rection from  the  axis  to  the  outer  wall  we  shall  call  *'  radial ;  *'  and,  on  the  other 
hand,  we  shall  employ  the  term  **  spiral "  for  whatever  pursues  the  same  oourse  as 
the  coils  of  the  cochlea  (Henle).  Finally,  we  shall  employ  the  terms  *  ^vestibu- 
lar" and  **  tympanal "  respectively  for  those  suxfaoes  which  look  toward  the  scala 
veetibuli  and  scala  tympani.* 

In  regard  to  the  formation  of  the  cochlea,  I  shall  dismiss  the  subject  with 
a  very  few  words.  In  Human  embryos  of  the  8th  to  the  10th  week,  three 
difierent  histological  elements  may  be  distinctly  made  out  in  the  region  of 
the  subsequent  pars  petrosa  of  the  temporal  bone  :  on  the  outermost  side,  a 
cartilaginous  mass,  which  at  this  peiiod  is  continuous  with  the  rent  of  the 
cartilaginous  basis  of  the  skull ;  then,  suiTOunded  on  all  sides  by  the  carti- 
lage^  a  considerable  deposit  of  embryonic  mucoid  tissue,  in  the  midst  of 
which  the  epithelial  labyrinthine  vesicle  is  embedded.  From  that  portion 
of  the  vesicle,  which  corresponds  later  to  the  sacculus,  there  is  developed 
in  the  Human  embryo,  before  the  eighth  week  even,  a  hoUow  epithelial 
bud  which  gradually  penetrates  farther  and  farther  into  the  mucoid  tissue : 
hindei'ed,  however,  in  its  fui*ther  growth  by  the  surrounding  firmer  capsule, 
it  turns  itself  round  in  its  soft  bed  and  pursues  a  spiral  course.  In  one 
8]>ot  th^- cartilaginous  capsule  is  not  closed,  and  here  the  ramus  cochlearis 
of  the  auditory  nerve  effects  an  entrance.  In  Human  embryos  at  the  third 
month  the  hollow  epithelial  bud — the  rudimentary  ductus  oochlearis—is 
found  to  have  already  completed  its  turns ;  in  embryos  at  the  fourth  month 

*  There  can  scaroely  be  found  anywhere  within  an  area  so  small  such  a  rich  and  at 
the  same  time  complicated  nomendatore  as  in  the  anatomy  of  the  cochlea.  The 
confusion  is  not  dimmished  by  the  custom — so  prevalent  among  aathors,  but  scaroely 
to  be  recommended — by  which  each  one,  who  introduoes  to  us  a  long-known  struc- 
ture with  a  new  description,  thinks  he  must  at  the  same  time  give  it  a  new  name. 
Possibly  the  names  used  in  this  article  will  seem  to  those  interested  in  this  depart- 
ment as  not  unsnited  to  restore  harmony.  At  all  events  there  is  scarcely  a  new  word ; 
and  many  superfluous  terms,  and  others  that  are  used  for  two  different  objects,  have 
been  omitted  altogether. 
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the  formation  of  the  8cal»  «nd  parts  contained  within  the  ductus  proper 
commences  (fig.  407). 

The  seals  are  formed  by  the  melting  of  the  mucoid  tissue  on  both  sides 
of  the  ductus  cochlearis  (see  fig.  407,  where  the  mucoid  tissue  is  still  pre- 
served in  the  last  turn) ;  that  portion,  however,  which  is  to  form  the  wall 
of  separation  between  every  two  turns  (a  portion  of  the  cartilaginous  cap- 
sule, (2,  fig.  407,  contributes  also  to  its  formation)  becomes  ossified.  There 
remains  furthermore  a  cord,  which  extends  from  the  ductus  to  the  mucoid- 
tissue  axis,  and  in  which  even  at  an  early  date  the  fibres  and  ganglion 
cells  of  the  N.  acusticus  make  their  appearance  (Z.  8p,  and  GL  in  fig.  407). 
This  cord  becomes  ossified  in  part,  that  is,  in  the  neighborhood  of  the  axis 
(lamina  spiralis  ossea),  and  continues  always  to  be  united  in  a  peculiar 
manner  to  the  connective  tissue  membrana  propria  of  the  ductus — for  the 
membrana  piopria  can  be  demonstrated  even  at  this  period  as  a  special^ 
layer.  The  membrana  propria  is  developed  from  the  mucoid  tissue  sur- 
rounding the  epithelial  tube  in  exactly  the  same  manner  as  in  the  case  of 
the  theca  of  the  Graafian  follicle  or  the  connective-tissue  wall  of  the  utricu- 
lus  and  semicircular  canals.  We  always  find  the  same  process  taking  place 
wherever  epithelial  masses  in  the  course  of  development  find  their  way  into 
a  connective-tissue  groundwork  (see  His — Entwickelung  des  Huhnchens, 
Lieipzig,  1868).  These  epithelial  structures  appear  to  exert  a  formative 
irritation  upon  their  connective-tissue  surroundings,  as  a  result  of  which 
there  takes  place  immediately  around  the  epithelial  tube  a  prolific  cell- 
growth,  from  which  later  the  membrann  proprin  of  the  originally  naked 
epithelial  masses  are  formed.  This  is  demonstrated,  for  the  ductus  coch- 
learis  in  particular,  by  the  drawings  of  £.  Eosenberg  (49),  the  truthfulness 
of  whose  fig.  1,  plate  II.  I  can  entirely  corroborate.  Finally,  ossification 
also  takes  place  in  the  mucoid-tissue  axis  of  the  cochlea,  in  which  the  fibres 
of  the  nerve  lie  embedded.  In  all  the  ossiued  portions  we  find  traces  of 
the  former  mucoid  tissue  in  the  shape  of  a  delicate  periosteum ;  even  at  an 
early  period  it  is  possible  to  distinguish  along  the  inner  wall  of  the  coch- 
leal  house  a  special  perichondrium,  with  which,  however,  at  a  later  date 
the  remains  of  the  mucoid  tissue  of  the  scabs  become  fused. 

The  epithelium  of  the  ductus  cochlearis  (fig.  407,  0-^4)  is  genetically 
the  same  as  that  of  the  labyrinthine  vesicle ;  hence,  if  we  adopt  Remakes 
views,  we  must  refer  its  origin  to  the  embryonic  homy  layer,  a  portion  of 
which,  it  is  said,  projects  divertide-like  into  the  rudimentary  petrous  bone. 
The  remains  of  this  diverticle-like  protrusion  may  still  be  seen,  as  Bottcher 
(3)  has  recently  demonstrated,  in  the  epithelial  lining  of  the  aqussductus 
vestibuli  (recessus  labyrinthi  Reissner),  which  continues  to  exist  even  in 
Adults,  and  which,  in  the  Plagiostomata,  empties  at  the  external  surface  of 
the  skin  by  a  fine  opening.  Strieker  (64),  Schenk  (63),  and  Toi;j^k  (65) 
have  shown  that  in  the  Batrachia  it  is  not  so  much  the  homy  layer,  but 
rather  Strieker's  so-called  ''  sensorial  layer,''  lying  immediately  beneath  the 
latter,  that  gives  origin,  by  a  diverticle-like  protrusion,  to  the  auditory 
labyrinth — a  view  which  has  recently  been  confirmed  by  Van  Bambeke  (58). 
This  would  render  the  unity  of  development  complete  in  the  case  of  the 
labyrinth,  the  retina,  and  the  vesicle  of  smell,  all  of  which,  together  with  the 
central  nervous  system,  must  be  referred  for  their  origin  to  the  sensorial 
layer.  From  the  involuted  epithelial  lining  of  the  ductus  cochlearis  is  devel- 
oped, as  KOlliker  has  shown,  the  most  essential  part  of  the  cochlea — ^the 
organ  of  GortL  Farther  on  in  the  course  of  the  description  I  shall  return 
to  the  most  important  details  of  this  process,  so  £ur  at  least  as  they  are 
known  to  us  at  present. 
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From  this  oailme  sketch  of  the  comparative  anatomy  and  embtyologj  of 
the  subject,  we  obtain  the  necessary  basis  for  a  correct  ooncepti<m  of  the 
histology  of  the  cochlea.  We  leam  in  the  first  place  that  the  original  soft 
parts  of  the  cochlea  are  distinct  from  their  osseous  capsule,  which  belongs 
to  the  i)eu*ous  bone ;  we  leam,  too,  that  the  scalss,  are  secondary  formations 
around  the  principal  canal  of  the  cochlea,  the  ductus  cochlearis,  whose  epi- 
thelial lining  proves  eventually  to  be  the  germ-centre,  so  to  speak,  of  the 
entire  apparatus.  The  most  natural  order,  therefore,  in  which  to  group  the 
different  sections  of  our  histological  description  would  be  the  following : — 
The  osseous  cochleal  incasement  with  its  periosteum;  then  .the  structures  of 
the  modiolus  and  lamina  spiralis ;  the  scaln,  together  with  the  parietal  con- 
nective-tissue layer  of  the  ductus  cochlearis ;  and,  finally,  the  epithelial  lining 
of  the  latter,  ^en  will  follow  very  properly  .the  description  of  the  temiinai 
expansion  of  the  N.  acusticus,  in  which  the  necessary  details  concerning  the 
histology  of  the  trunk  of  the  auditory  nerve  should  also  be  included. 

J?ony  (7qpm^  of  the  Cochlea;  Memhrana  Ptopria  of  the  Duehu  OochUane. 

In  reference  to  the  hont/  eapeule  of  the  cochlea,  it  will  be  sufficient  to 
mention  the  compact  structure  of  its  inner  layers,  which  are  poor  in  bone 
cells,  and  constitute  a  sort  of  tabula  vitrea.  (hi  the  other  hand  those  por- 
tions of  the  cochlea  which  represent  ossified  mucoid  tissue — the  modiolus  and 
lamina  spiralis — ^possess  a  more  porous  character ;  they  cariy  within  their 
substance  numerous  small  medullary  spaces,  by  the  side  of  the  canals  for  the 
vessels  and  nerves.  One  of  these  vessels — the  canalie  ffanglumarie  (Claudius, 
Yietor  [55] ),  discovered  by  Rosenthal — ogives  lodgment  to  the  ganglion  tpi- 
rale  of  the  N.  acusticus,  and  is  situated  usually  in  the  commencing  portion 
of  the  lamina  spiralis,  encircling  with  it  the  modiolus  (figs.  407  and  409). 

In  Kan  this  oanal  is  tntyeised  by  nnmerooa  bone-trabeoaUB,  ao  that,  strioUy  speak- 
ing, it  represents  a  oanal-ahaped  cayeznoos  space,  in  whose  meshes  the  ganglion  oeQi 
and  nerve  fibres,  lie. 

We  have  already  referred  to  the  relation  of  the  periosteum  of  the  wall  of 
the  cochlea  to  the  ductus  cochlearis.  In  regard  to  all  other  points,  the 
description  of  the  labyrinthine  periosteum  given  in  the  preceding  clu^pter 
may  be  consulted ;  I  would  like,  however,  to  call  special  attention  again  to 
the  frequent  occurrence  here  of  stellate  pigment  ceUs,  similar  to  the  stroma 
cells  of  the  choroidea ;  in  Man  and  in  ^e  Rat  these  cells  are  found  in  the 
greatest  numbers.  The  inner  8ur£BM>e  of  the  periosteum  is  covered  everywhere 
— with  the  exception  of  the  tympanal  surface  of  the  membrana  basilaris, 
where  I  was  equally  as  unsuccessful  as  Kolliker  (30)  in  proving  their  exis- 
tence— with  a  single  layer  of  large,  flattened,  nucleated  cells,  which,  when 
treated  by  the  silver  method,  yield  the  same  outlines  as  those  obtained  in 
lymph  sacs  or  serous  membranes.  Luschka  (Structur  der  aer5sen  Bjiute, 
Tubingen,  1851)  has  already  mentioned  these  appearances  on  serous  mem- 
branes ;  see  also  the  statements  of  Reichert  (44-45).  By  the  investigations 
of  Schwalbe,*  moreover,  it  has  been  determined  that  the  soalss  may  property 
be  considered  as  a  lymphatic  cavity,  corresponding  more  especially  to  the 
perichoroideal  space  of  the  bulbus  oculi  or  to  the  arachnoid  space  of  the 
brain.     See  also  Kolliker's  account  (62,  34). 

The  membrane  of  the  fenestra  rotunda  belongs  both  to  the  mucous  mem- 
brane of  the  tympanic  cavity  and  to  the  periosteum  of  the  cochlea ;  it  is 
found  accordingly  to  consist  of  two  layers,  which  are  composed  of  delicately 

*  CentraiNattJ^rdiemedieiii.  Wieeeneeh.  1800. 
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ibrillated  oonneotive  tmue.  The  tjmpcauc  layer  is  the  thicdcer  of  the  two, 
19  traversed  hj  numerous  vesseU,  and  ooverod  by  the  epithelium  of  the 
tympanic  canty ;  the  vestibular  layer,  which  fJM^es  the  scala  vestibuli,  passes 
continuously  into  the  periosteum  of  the  first  cochleal  turn. 


Fig.  408. 


.^ 


Fig.  408.  Tertioal  section  through  the  first  torn  of  the  cochlea,  from  a  li  yr.  old 
OhUd.  ^^.  (The  membrana  teotona  was  drawn  from  another  specimen  of  the  same 
cochlea,  aad  inserted  here  in  its  proper  place. )  &  V,  Scala  vestibiili.  8,  T,  Scala 
tympani  2>.  O.  Dactns  cochlearis.  X.  ip.  0i,  Testibolar,  L,  9p,0ij  Tympuial  lamel- 
lae of  the  lamina  spiralis  ossea.  N.  Anditoiy  nerve,  a,  a,  Osseous  wall  of  the  coch- 
lea, by  b,  Pericsieam.  «,  e,  Gonnective-tissae  cushion  (KdUiker*s  ligamentom 
qnrale),  in  one  place  separated  from  the  oeseoos  wall,  while  in  the  neighborhood  of 
^e  dnctos  cochlearis  it  is  condensed  to  form  a  special  fibrous  boundary  wall  of  the 
dud  8t,  V.J  Stria  vascularis,  dj  Locslity  in  which  the  periosteum  and  the  connec- 
tive tissue  of  the  cushion  become  meiged  into  one.  L,  op.,  Ligamentum  spirale  of 
Henle.  L.  8p.  a,  Ligamentum  spiiale  aocessorinm  with  the  vas  prominena  8.  4>.  e., 
Sulcus  spiralis  eztemus.  BrBi^  Eeissner's  siembrane,  both  ends  of  which  only  are 
preserved.  B-Or,,  Crista  spiialis,  whose  most  projecting  portion,  Chr.  (an^toiy 
teeth),  is  seen  in  transverse  section.  If,  i. ,  Membrana  tectoria.  &  9p.  t'.,  Sulcus 
Kuralis  intemus.  /  Point  of  emergence  of  the  nerves  (habenula  perforata).  /-X. 
iop.,  Membrana  basilaris.  /-p,  Organ  of  Oorti  O-^,  Zona  denticulata.  g-k, 
Zona  arcuata.  p-L,  8p..  Zona  pectanata  with  epithelium,  g.  Region  of  the  inner 
hair  cells  (inner  dope),  i,  Thinnest  portion  of  we  membrana  basilaris,  beneath  the 
anh  of  Oorti.    A,  Begion  of  the  outer  hair  cells  (outer  slope). 
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It  will  also  be  proper  in  this  place  to  make  brief  mention  of  the  o^imb- 
ductu8  coMecB^  which,  according  to  the  views  hitherto  prevalent  (see  parti- 
cularlv  Hensen  (27),  and  Henle  (26)  ),  carries,  besides  a  process  of  con- 
nective tissue  from  the  dura  mater,  but  a  single  vessel,  which  empties  into 
the  y.  jugularis.  The  orifice  of  the  aqusoductus  is  in  the  immediate  neigh- 
borhood of  the  commencing  portion  of  the  scala  tympanL 

Before  entering  upon  the  description  of  the  most  important  part  of  the 
cochlea,  the  ductus  eoMearii,  let  tis  take  a  hasty  glance  at  the  component 
elements  as  drawn  in  the  transverse  sections — figs.  408  and  409. 

In  connection  with  what  I  have  already  said  on  page  1016,  concerning  the 
position,  form,  and  surroundings  of  the  ductus,  I  would  remark  in  the  first 
place  that  the  vestibular  wall,  the  membrana  JReissnmif  is  inserted  on  the 


Fig.  409.  Vertical  section  through  the  second  torn  of  the  cochlea  of  Vespemgo 
noctola.  (Membrana  tectoria  drawn  from  another  preparation  and  inserted  here.) 
-^f^.  i\r.  Gochleal  nerve,  with  a  portion  of  the  fl^angllon  spirale.  0,  e.  Connective- 
tissne  coBhion,  more  firmly  united  with  the  periosteum  than  in  fig.  4W.  L,  8p,  Lig. 
spirale,  of  homogeneous  consistency ;  immediately  to  the  outside  of  it,  a  blood- 
vesaeL  R-Bi^  Reissner's  membrane,  designated  only  by  a  dotted  line.  A,  Outer  slope, 
with  the  three  outer  hair  cells  in  situ.  The  inner  hair  cells,  as  well  as  the  epithe- 
lium of  the  sulcus  spiralis  intemus,  have  not  been  perfectly  preserved.  The  re- 
maining letters  are  used  in  the  same  manner  as  in  fig.  406. 

outer  side  into  the  semi-lunar  connective-tissue  cushion  (s,  e) ;  the  point 
of  insertion — anguius  vestibularis  (i?|)— is  marked  by  the  presence  of  a 
small  prominence  (Henle).  The  outer  point  of  insertion  of  the  tympanic 
wall  {M-L,  Sp.)  is  also  characterized  by  a  well-inarked  prominence — ligar 
mentum  spirale  (X.  Sp.) — which  in  transverse  section  is  triangular  in  shspsL 
Between  these  two  prominences  lies  the  outer  wall  of  the  ductus,  in  whidi 
we  can  distinguish,  in  the  first  place,  the  vascular  stria  vascularis  (8t,  v.) ; 
then  a  third  small  elevation — the  lig,  spirale  accessarium  (Z.  sp.  a.) — with 
a  vessel  in  its  midst,  Hensen's  vas  prominens^  the  whole  constituting  the 
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tjmpanic  boundary  of  the  stria ;  and  finally,  between  this  elevation  and 
the  membrana  basilaris,  the  nUciu  tpiralU  extemus  {8.  tp,  e.).  Perhaps 
the  best  place  to  draw  a  line  of  separation  between  the  two  principal  por- 
tions of  the  tympanic  wall,  the  crista  spircdit  and  membrana  hcMaritf  is 
the  spot  where  the  cochleal  nerve  emerges  into  the  space  of  the  ductus 
cochlearis.  The  crista  spiralis  {It-f)  rests  upon  the  outermost  portion  of 
the  lamina  spiralis  ossea,  and  consists  of  two  lips :  the  UMwm  vestibtUare 
(c,  6g.  412)  (Henle)i  whose  sharp,  prominent  edge  (Or)  projects  into  the 
ductus  cochlearis;  and  the  labium  tympanictim  (a,  fig.  412)  (Henle), 
which  lies  in  the  same  plane  with  the  membrana  basilaris.  These  two  lips 
include  between  them  the  ntlcut  spiralis  irUemus  {S.  sp.  %,),  The  organ 
of  Corti  lies  stretched  upon  the  membrana  basilaris,  from  the  point  where 
the  nerves  emerge  (a,  fig.  410),  to  about  the  middle  of  its  length;  beyond 
this  point,  as  everywhere  else  over  the  inner  wall,  there  is  found  a  simple, 
short-cylindrical  or  cubical  epithelium. 

Fig.  410. 


Fig.  410.  A  Burface  view  (from  the  vastilralar  side)  of  the  lamina  spinJlB  of  the 
Human  being :  second  torn.  ^.  Taken  from  a  Woman  28  yean  old.  Reiasner'i  mem- 
brane and  the  membrana  teotoria  removed.  A^  Lamma  ipiralit  osaea.  P,  Lamina 
spiralis  membranaoea.  C,  Dark  lone  of  the  lamina  spiralis  ossea  (covered  only  by  a 
thin  periosteom,  and  the  endotheHnm  of  the  scala  vestiboli).  D,  Grista  spiralis, 
blighter  in  appearance  than  the  preceding ;  its  projecting  edge  (5)  carries  the  row  of 
an^toiy  teeth,  a,  line  of  insertion  of  Beissner^s  membrane ;  o-i,  that  portion  of 
the  lamina  spiralis  whioh  belongs  to  the  ductus  cochlearis  (tjmpanio  wall  of  the  dno- 
tos) ;  0,  vas  spirale,  shining  through  from  the  tjmpanio  smrfaoe.  and  accompanied  by 
delicate  spiral  bands  of  connective  tissae  ;  <I,  ground  surface  of  the  sulcus  spiralis 
intemus,  with  fibres  that  pursue  a  radial  direction,  shining  through  from  the  tjm- 
panio surface ;  «,  line  in  whioh  the  openings  lie  from  whioh  the  nerves  emeige ; 
f,  organ  of  Corti ;  g,  outer  epithelium  (/  anid  g  have  been  romoved  from  the  right 

~  ?  of  the  proparation). 


/,  ori 
half  < 


If  we  look  down  upon  the  tympanic  wall  from  the  vestibular  side,  after 
the  removal  of  Reissner^s  membrane,  its  several  subdivisions  will  appear 
like  so  many  spiral  girdles  or  zones,  of  which  fig.  410  gives  a  representation. 
The  following  terms,  which  were  introduced  by  Todd-Bowman,  Corti,  Kolli- 
ker,  and  others  of  their  time,  refer  to  the  parts  here  described :  zona  denti- 
culata  and  pectinata,  together  with  habenula  denticulata,  sulcata,  perforata 
and  arcuata,  subdivisions  of  the  zona  denticulata^  concerning  which  tk< 
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explanations  of  figik  408,  409,  410,  and  411  should  be  oonsnlted.  ThsM 
terms,  however,  may  now  be  considered  as  superseded  bj  others. 

Aooording  to  mj  measarements  (see  appended  table)  the  breadth  of  each 
of  the  three  walls  of  the  ductus  oochlearis  diminishes  steadilj  though  slow^ 
in  the  direction  of  the  cupola  of  the  cochlea. 

The  mmnhrane  of  lUiUner  consists  of  a  thin,  vascular  connective-tissQe 
basis-kmella,  which,  on  the  vestibular  side,  carries  a  serous  endothelium 
composed  of  large  cells,  while  on  the  tympanic  side  it  is  covered  with  an 
epithelium  consisting  of  a  single  layer  of  cubical  cells,  arranged  side  by  side 
(figs.  408  and  411). 

The  i>uter  waU  of  the  membranous  cochleal  canal  (figs.  408  and  409  e,  e) 
shows  a  more  complicated  condition  of  things.  In  the  semilunar  connec- 
tive-tissue cushion,  of  which  mention  has  frequently  been  made,  we  can 
easily  distinguish  three  layers,  especially  in  young  individuals :  to  the  inner 
side,  the  membrana  propria  of  the  ductus  cochlearis,  with  the  stria  vas- 
cularis ;  to  the  outer  side  the  periosteum ;  and  between  these  two  a  loose 
connective  tissue,  which  in  embryos  easily  tcArs,  and  thus  permits  the  ductus 
oochlearis  to  recede  from  the  cochleal  inoasement.  The  stria  vascularis  is  a 
part  of  the  membrana  propria,  which  ia  especially  vascular.  Scarcely  any 
adventitial  connective  tissue  can  be  found  between  the  numerous  capillaries; 
the  epithelium,  consisting  of  small  cubical  cells,  lies  almost  directly  upon 
the  walls  of  the  vessels.  In  a  few  places  small  loop-like  vascular  offshoots 
may  be  observed.  These  last  are  of  uncommon  size  and  frequency  in  Birds, 
where  they  are  found  in  the  coiner  of  the  ductus  oochlearis,  in  the  so-called 
tegmetUu/m  wuculo$um  of  Deiters  (14),  which  correL\K>nds  to  the  stria  vas- 
cularis of  Mammals.  In  Birds,  too,  the  epithelium  of  the  tegmentum  dis- 
plays many  peculiarities.  According  to  Deiters — whose  statements  I  can 
coi^m — ^there  are  found  inserted,  as  it  were,  among  the  transparent  cubi- 
cal cells,  nucleated,  darkly  granular  bodies,  of  a  pretty  uniform  size,  whose 
cell-protoplasm  has  a  '' felt-like ''  character.  A  clear  narrow  piece,  with 
three  or  four  irregular  sides,  and  carrying,  as  I  have  sometimes  found, 
small  hairs,  rises  out  from  the  free  surfitce  of  the  felt-like  cell  body.  Hie 
opposite  end  terminates  in  a  short  point  (fig.  424,  JS^, 

The  nUctis  apirolxB  exiemu$  is  found  in  Mammals  to  be  lined  with  a  very 
distinct  cylindrical  epithelium ;  the  layer  beneath  it  consiBts  in  Adults  of  a 
homogeneous  tissue,  clear  like  glass,  which  passes  continuously  into  the  tri- 
angular prominence  of  the  ligamentum  spiraUy  and  from  there  into  the 
homogeneous  layer  of  the  membrana  basilaris.*  Boettcher  (4),  as  I  see 
from  the  report  of  Schweigger-Seidel  ( Virchow^s  und  Hirsch's  Jahresberidit 
fiir  1868),  has  reoehtiy  revived  Todd-Bowman's  (54)  view — ^long  ago  dis- 
proved by  Kolliker  (32)— that  the  ligamentum  spirals  contains  smooth 
muscular  fibres.  My  own  investigations,  which  have  been  numerous,  con- 
firm the  statements  of  Kolliker. 

The  crista  spiralis  has  offered  not  a  few  difficulties  to  those  who  have 

*  There  is  no  nnanimity  among  anthon  as  to  what  should  be  understood  hy  the 
eotprenioQ  ligunentum  npirsle.  Kolliker,  who  introduoed  the  name,  and  Lowenbeig 
ahio  apply  it  to  the  entire  semilunar  connectiTe-tiBsae  oushion,  which  nnitee  theoutor 
wall  of  the  dnctos  oochlearis  to  the  cochleal  incaaement.  In  the  different  specfies  of 
animals  it  Taries  oomdderably  in  form  and  sise,  at  one  time  encroaching  "very  mndh 
on  the  aoala  timpani,  especially  in  the  lower  tarn  of  the  oCohlea,  and  at  another  time 
not  doing  to  (see  figs.  4(^  and  409).  I  myself  prefer  to  apply  the  name— as  Henle  also 
appears  to  have  done — only  to  that  prominent,  in  Adults  homogeneous,  portion  of  the 
coshioD  which  in  trsasvecse  sections  appears  triangular  in  shape,  which  passes  conftm- 
ooody  into  the  membrana  basilaris,  and  which  in  reality  oorreaponds  to  a  ligamenl 
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hitherto  busied  themselves  with  the  anatomy  of  the  cochlea.  These  diffi- 
culties, I  think,  may  be  accounted  for  in  part  by  the  extraordinary  shape 
of  the  elements  which  are  found  here,  but  especially  by  the  peculiar  manner 
in  which  the  two  principal  types  of  tissue — the  connective  substance  and 
the  epithelium — are  combined.  Nowhere  else  in  the  organism  are  these 
two  types  similarly  combined. 

In  a  vertical  section  through  the  axis  (figs.  408  and  409)  the  crista 
appears  like  a  hook-shaped  thickening  of  the  lamina  spiralis  ossea,  attached 
to  it  on  its  vestibular  side.  There  is  no  sharp  line  of  separation  between  it 
and  the  bone ;  the  stellate  cells  of  the  latter  are  met  with  again  in  the  basis 
substance  of  tiie  crista,  and  vascular  loops  also  project  into  it.  In  addition, 
lime  salts  aro  found  deposited  in  it  in  the  form  of  small  irregular  scales, 
while  in  Bats  ossification  seems  to  take  place  as  a  pretty  regular  thing. 
Usually,  however,  the  basis  substance  of  the  crista  appears  to  be  composed 
either  of  stiff  fibi-es  or  of  a  more  homogeneous  substance,  and  manifests  the 
same  behavior  toward  reagents  as  would  a  dense  connective  substance. 
Hence  I  believe  it  can  most  correctly  be  interpreted  as  an  *'  osteogenic  sub- 
stance ''  (in  the  sense  given  to  it  by  H.  Muller  and  Yirchow)  which  is 
developed  in  connection  with  the  vestibular  periosteum  of  the  lamina 
spiralis  ossea.  I  might  mention  here  in  passing  that,  when  treated  with 
perosmic  acid  or  the  chloride  of  palladium,  the  crista  takes  on  a  somewhat 
deeper  color  than  the  subjacent  bone. 

If  we  look  at  the  crista  from  the  vestibular  side  (figs.  411  and  412),  the 
projecting  edge  appears  to  be  subdivided  by  deep  furrows  into  individual 
portions  of  nearly  the  same  size  and  like  oblong  quadrangles  in  shape — 
Huschke's  (28)  audUory  ieethy  which  in  point  of  fact  resemble  a  row  of 
incisor  teeth  seen  from  in  front.  To  the  inner  side  these  teeth  pass  into  a 
number  of  round  or  oblong  structures  (fig.  412  d)  which  often  appear  of  a 
peculiar  brilliancy,  and  represent  nothing  more  nor  less  than  projections  of 
the  osteogenic  substance  of  the  crista.  The  furrows  separating  these  struc- 
tures as  well  as  those  lying  between  the  auditory  teeth  are  filled  with 
Kmall  roimd  and  angular  cells,  which  belong  undoubtedly  to  the  epithelium 
of  the  ductus  cochlearis — a  view  shared  also  by  Kolliker,  at  least  so  far  as 
a  portion  of  them  are  concerned.  Toward  the  outer  side  these  cells  are 
directly  continuous,  through  the  interdental  furrows,  with  the  epithelium 
of  the  sulcus  spiralis  intemus  (fig.  411);  then,  on  the  other  hand,  they 
pass  round  uninterruptedly  into  the  tympanal  epithelium  of  Reissner's 
membrane  (figs.  408  and  411).  At  the  extreme  maigin  of  the  teeth,  as 
well  as  at  ^e  summit  of  the  projections,  the  ceUs  are  wanting.  In  this 
locality  the  membrana  tectoria  (see  further  on,  and  figs.  408  and  409  M,  f.) 
rests  directly  upon  the  osteogenic  substance  of  the  crista ;  still  even  here  a 
few  flattened  cell-rudiments  are  sometimes  met  with.  The  epithelial  path- 
ways, which  lie  between  the  teeth  and  the  projections  of  the  crista,  run 
together  on  nearing  the  angle  of  attachment  of  Reissner's  membrane,  and 
finally  unite  to  form  a  continuous  layer  (fig.  411  e  and  ex).  Mr.  Baer 
(student  of  medicine),  while  making  the  drawings  of  these  preparations, 
called  my  attention  to  the  direct  connection  which  exists  between  the  cells 
we  have  just  described  and  the  ordinary  epithelium  lining  tbe  duct.  The 
ppncipal  proof,  however,  of  the  correctness  of  this  statement  is  to  be  found 
in  tlie  history  of  the  development  of  these  parts,  for  in  embryo»  the 
duct  possesses  everywhere  a  continuous  epithelial  lining  which  is  only 
apparently  interrupted  by  the  great  development  of  the  osteogenic  sub- 
stance of  the  crista,  and  also  by  the  contact  of  the  membrana  tectoria ; 
in  reality,  however,  the  continui^  is  maintained  unbroken  by  way  of 
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the  interdental  furrows.  In  this  way  it  happens  that  in  transverse 
sections  we  see  the  connection  at  one  time,  and  at  another  fail — ac- 
cording to  whether  the  section  include  a  farrow  or  a  tooth.     The  remarkable 

Fig.  411. 


Fig.  411.  Tympanal  wall  of  the  duotna  oochlearis.  from  the  Dog.  Sorfaoe  liew 
from  the  side  of  the  Boala  vestibiill,  after  the  removal  of  Beiasner'B  membrane.  ^. 
/.  Zona  dentioalata  CortL  11.  Zona  pectinata  Todd-Bowman.  1.  Habennla  nil- 
cata  CortL  2.  Habennla  denticulata  CortL  H.  Habennla  perforata  Kolliker.  ///. 
Organ  of  Corti.  a,  portion  of  the  lamina  spiralis  ossea  (the  epithelinm  is  wanting) ; 
b  and  6,  periosteal  blood-vessels ;  d^  line  of  attachment  of  Reissner^s  membrane ;  e 
and  01,  epitheUnm  of  the  crista  spiralis  :  /,  auditory  teeth,  ^th  the  interdental  fur- 
rows; g^  giy  laige-oelled  (swollen)  epithelium  of  the  sulcus  spiralis  intemna,  over 
a  certain  extent  shining  through  the  auditory  teeth  ;  from  the  left  side  of  the  pre- 
paration they  have  been  removed ;  h  smaller  epithelial  cells  near  the  inner  slope  of 
the  organ  of  Corti;  k^  openings  through  which  the  nerves  pass;  f,  inner  hair 
cells ;  l^  inner  pillars ;  m^  their  heads ;  o^  outer  pillars ;  n,  their  heads ;  p,  la- 
mina reticularis ;  g^  a  few  mutilated  outer  hair  cells ;  r,  outer  epithelinm  of  the 
ductus  cochlearis  (Clandius*  cells  of  the  anthers) ;  removed  at  « in  order  to  show  the 
points  of  attachment  of  the  enter  hair  cells. 

feature  in  the  histology  of  this  structure  is  the  peculiar  combination  of  epi- 
thelium with  osteogenic  substance ;  the  latter  has  certainly  never  been  ob- 
senred  anywhere  else  as  the  immediate  substratum  of  a  genuine  epitheHimiu 
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The  relations  of  the  crista  vary  to  an  unusual  degree  in  the  different  species 
of  animals.  The  flattest,  but  at  the  same  time  the  longest  crista,  is  to  be 
found — as  Lowenberg  (39)  has  rightly  stated — in  Man;  the  auditory  teeth 
here  project  but  little.     Kelatively  the  largest,  and  perhaps  also  the  highest 

Fig.  412. 


Fig.  412.  Crista  spiralis  after  the  removal  of  all  the  parte  which  cover  it.  From 
a  Woman,  ast.  28.  Surface  view  from  the  vestibular  side.  ^^^.  a,  labium  tympanicum 
of  the  crista  (where  it  passes  into  the  membrana  basilaris  :  bottom  of  the  sulcus  spi- 
ralis intemus) ;  5,  c,  auditory  teeth  of  the  labium  vestibulare ;  beneath  c  is  the  sulcns 
spiralis  intemus,  which  is  drawn  in  a  foreshortened  condition,  embraced  by  both 
labia  ;  d,  rf,  projections  of  the  crista ;  e,  e,  sections  of  small  projections  ;  /,  /,  furrows 
between  the  projections ;  toward  g  they  gradually  diminish  in  size  until  tney  attain 
the  level  of  the  lamina  spiralis  ossea ;  bone-cells  shining  through. 

crLsta,  with  extremely  sharp,  almost  claw-shaped  teeth,  is  to  be  found  in  the 
Bat.  It  steadily  diminishes  both  in  height  and  size  as  it  approaches  the 
cupola  of  the  cochlea.  As  to  the  physiological  signification  of  this  strange 
structure  we  cannot  even  form  a  conjecture,  unless  we  assume  that  it  serves 
as  a  support  for  the  membrana  tectoria. 

After  the  removal  of  the  epithelium  in  the  neighborhood  of  the  organ  of 
Corti,  the  vestibular  surface  of  the  membrana  basilaris  appears  either  smooth, 
or,  at  all  events,  only  feebly  striated  in  the  radial  direction.  The  vas  spirale 
with  its  bands  of  adventitial  connective  tissue  may  be  seen  shining  through 
from  the  tympanal  surface. 

The  vas  spirale  of  Buschke  (figs.  410  and  418),  which  is  sometimes  double,  is  a 
■mall  vein  embedded  in  the  homogeneous  basis  substance  of  the  membrana  basilaris, 
after  the  fashion  of  a  sinus  dursa  matris  (fig.  418).    It  anastomoses  with  vessels  of 
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the  lamina  splzalis  Oisea  throngli  radial  bniaahefl  (fig.  4t0)  thati  are  ffivea  off  at  reg;ix- 
lar  intervals.  Farther  to  the  outside,  the  next  Tessel  we  meet  with  is  at  the  root  of 
the  ligamentom  spirale — ^an  observation  of  Breschet's,  which  I  have  been  able  to  cor- 
roborate in  many  instances  (fig.  400). 

Beyond  the  points  of  insertion  of  the  outer  pillars  of  Corti  (see  farther 
on)  the  membrana  basilaris  is  distinctly  striated  in  the  radial  direction 
[Zona  pectinata  of  Todd-Bowman  (54)].  'Die  strife  constitute  a  thin  cuti- 
cular  lamella,  which  lies  upon  the  vestibular  side  of  the  homogeneous  con- 
nective-tissue substratum  of  the  membrane  and  beloiigs  to  the  epithelium  of 
i  the  ductus  cochlearis.  These  relations  can  best  be  seen  in  vertical  sections 
(fig.  418),  in  which  three  layers  can  be  distinctly  made  out:  *  first  the  cuti- 
cular  layer  (w),  whose  striated  appearance  I  consider,  with  Henle  (26),  to 
be  due  to  the  presence  of  delicate  fibres ;  then  the  middle  layer  (6),  compos- 
ing the  chief  mass  of  the  membrana  basilaris, — a  comparatively  thick,  struc- 
tureless membrane,  which  passes  continuously  into  the  labium  tympanicum 
of  the  crista  spiralis  (see  fig.  408) ;  finally,  beneath  the  middle  layer,  on 
the  tympanal  siuface,  a  stratum  consisting  of  the  most  delicate  fibrils  of 
connective  tissue  which  follow  chiefly  a  spiral  course  and  are  interspersed 
with  delicate  spindle-cells  (fig.  421),  which  of  course  appear  round  on  cross- 
section,  while  the  fibres  look  like  a  dotted  granular  mass.  The  younger  the 
animals,  the  more  feebly  developed  on  the  one  hand  will  be  the  middle 
homogeneous  layer,  while  on  the  other  hand  the  tympanal  fibrous  layer  will 
be  thicker ;  the  latter,  moi*eover,  is  found,  at  least  in  Man,  more  fiiUy  deve- 
loped in  the  first  turn  of  the  cochlea  than  elsewhere.  These  fibres  of  connec- 
tive tissue  are  evidently  the  remains  of  the  original  mucoid  tissue  of  the 
scaloB. 

I  would  scarcely  venture  to  express  an  opinion  as  to  whether  the  membrana 
basilaris  possesses  a  specially  marked  degree  of  elasticity  or  not ;  at  all  events 
it  does  not  manifest  any  great  tendency  to  roll  up  at  the  edges ;  nor  is  it 
difficult  to  tease  apart.  As  may  be  learned  from  good  transverse  sections, 
the  membrane  is  always  stretched  out  smooth  and  straight  between  its 
two  points  of  attachment. 

The  parts  of  the  ductos  cochlearis  described  thus  far  must  be  considered  as  ccmsti- 
tating  the  oonnective-tissae  wall  proper  of  the  ductus — membrana  propria — to  which 
I  also  reckon :  Beissner's  membrane,  the  innermost  layer  of  the  lateral  oonnective-tis- 
sae coshion.  together  with  the  stria  vascularis  and  ligamentom  spiraUs,  the  homogene- 
ous layer  of  the  membrana  basilaris,  and  the  crista  spiralis.  It  ia  only  in  relation  to 
the  latter  that  doubts  might  be  raiised,  and  in  regaxd  to  this  point  I  would  remaik 
that  in  Man  it  is  an  easy  matter,  after  the  cochlea  has  been  left  for  some  time  in 
glycerine,  to  separate  the  crista,  with  Reiasner^s  membrane  and  the  membrana  basi- 
laris attached,  from  the  outer  end  of  the  lamina  spiraUs,  and  so  to  represent  it  as  an 
integral  portion  of  the  wall  proper  of  the  ductus. 

JEpithdial  lAmimg  of  tfie  Ductus  Cochlearis,      Organ  of  Corti,         \ 

We  have  already  described  that  portion  of  the  cochleal  epithelium  which 
covers  the  crista  spiralis,  Keissner's  membrane,  and  the  external  wall  of  the 
ductus ;  it  still  remains  for  us  to  describe  the  most  important  part — the 
epithelium  of  the  membrana  basilaris. 

Kolliker^s  organ  of  Corti  (figs.  ^08,  409  /-p/  fig.  411  III;  fig.  413) 
constitutes  the  central  point  of  the  basilar  epithelial  stratum ;  its  individual 
parts  are  more  or  less  modified  cylindrical  epithelial  cells  and  cuticular  for- 
mations. The  organ  of  Gorti  proper  (see  the  transverse  sections,  figs.  408  and 

*  See  also  the  statements  of  Deiters  (13)  and  Lowenbog  (89). 
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-418)  is  grouped  symmetrically  on  both  sides  of  a  central  structure — the  arches 
of  Corti — which  at  the  same  time  serves  as  a  supporting  framework.  These 
last  arch  over  the  membrana  basilaris  and  consist  each  of  an  inner  sad  an  outer 
pillar.     Next  to  the  inner  pillars  come  the  row  of  inner  hair  ceUs  (fig.  413, 

Pig.  413. 


Fig.  413.  The  organ  of  Corti  from  the  Dog;  surface  view  from  the  restibnlar 
side.  ^t^.  Reissner^B  membrane  and  the  membrana  tectoria  have  been  removed.  A^ 
Crista  spiralis,  whose  dark  color  is  due  in  part  to  the  subjacent  black  nerve  fibres 
(perosmio  acid)  which  shine  through.  B,  Epithelium  of  the  sulcus  spiralis  intemus. 
C,  Heads  of  pillars.  D,  Lamina  reticularis.  E^  Epithelium  of  the  outer  portion 
of  the  membrana  basilaris. — a,  Cells  of  the  sulcus  spiralis,  which  shine  through  from 
beneath  the  auditory  teeth  ;  d,  outer  margin  of  the  auditory  teeth  (these  last,  ow- 
ing to  the  fact  that  the  instrument  is  focused  to  a  (^per  level,  are  scarcely  percep- 
tible) ;  c,  cuticular  meshwork  between  the  inner  epithelial  cells ;  rf,  location  of 
the  vas  spirale ;  «,  inner  hair  cells ;  /,  heads  of  inner  pillars ;  fi^  head-plates  of 
the  inner  pillars.  The  contiguous  head-plates,  when  the  instrument  is  focussed  to  a 
higher  level,  form  above  the  heads  of  the  outer  pillars  a  clear  cuticular  roof,  which 
extends  from  the  inner  to  the  outer  hair  cells,  g^  line  of  separation  b^'tween  the 
outer  and  inner  pillars;  A,  heads  of  the  outer  pillars  shining  through  the  head- 
plates  of  the  inner  pillars.  Within  each  head  may  be  seen  a  bright  cii^cle — the  opti- 
cal transverse  section  of  the  body  of  the  outer  pillar,  which  shines  through.  ?,  pha- 
langiform  head-plates  of  the  outer  pillars  (first  phalanges) ;  A;,  first  ringfswith  the 
tafte  of  hair  of  the  first  row  of  outer  hair  oells ;  m  and  o,  second  and  third  rings  and 
tufts  of  hair;  n  and  p,  second  and  third  phalanges;  r,  prop-cells  of  Hensen;  q^ 
cuticular  meshwork  between  the  epithelial  cells  (Deiter^s  terminal  frames  (Schluss- 
rahmen) ). 

0,  and  fig.  418,  i),  the  grantdar  layer  (fig.  418,  h-i)^  and  then,  beyond,  the 
epithelium  of  the  sulcus  spiralis  intemus.      j?he  cells  of  the  latter  grow 
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steadily  higher  from  the  deepest  recess  of  the  siilciis  to  the  hair  cells  ;*  the 
hair  cells  themselves  reach  to  the  summit  of  the  arch,  so  that  this  inner 
portion  of  the  organ  of  Corti  forms  a  slope  extending  iniA'ards  from  the 
arch. 

The  outer  portion  of  the  organ  of  Corti,  which  is  somewhat  broader  and 
in  many  animals  more  or  less  steep,  slopes  outwards.  It  consists  of  the 
three  rows  of  outer  Jvair  cells  and  of  the  immediately  adjoining  cylindrical 
epithelial  cells,  Hensen's  prop-cellsy  which  grow  shorter  and  shorter  until 
they  pass  into  the  simple  cubical  epithelium  of  the  zona  pectinata. 

To  this  complex  arrangement  of  cells  are  still  to  be  added  two  membra- 
nous cuticular  structures,  the  ineitihrana  tectoria  {M.  t,  figs.  408  and  409), 
and  the  lamina  reticularis  (/-/i,  fig.  418,  2),  fig.  413 — surface  view). 

The  pillars  of  Corti  possess,  when  seen  in  profile,  the  form  of  a  slender 
Boman  S  (like  the  integral  sign  employed  in  calculus).  The  upper  enlarge- 
ment of  the  letter  answers  to  the  "  head,"  the  lower  to  the  "  foot,"  and  the 
staff-shaped  portion,  uniting  the  two,  to  the  "  body  "  of  the  pillar.  There 
are  also  attached  to  the  head  special  plate-like  processes — the  "  head- 
plates."  The  inner  pillars  possess  two  of  these  plates,  which,  however, 
pass  continuously  into  each  other  :  on  the  inner  side  a  small  one,  which  in 
profile  appears  almost  like  a  hook  (fig.  414  J3g)  while  s(»en  in  front,  from 
the  outer  side  it  shines  through  like  a  dark  ridge ;  on  the  outer  side  a  large 
one,  which  is  bent  in  varying  degree  and  represents  the  plate-like  continua- 
tion of  the  body.  This  outer  plate  is  bent  over  the  head-piece  like  a  hood, 
and  shows  sometimes,  in  Vesperugo,  for  instance  (fig.  414  2>),  a  distinct 
hollowing  out  of  the  external  surface.  The  head-piece  of  the  inner  pillar 
projects  outwards  like  a  solid  triangle  with  a  rather  blunt  apex  (fig.  414  C, 
D) ;  its  upper  (vestibular)  borders' are  slightly  curved  and  the  side  margins 
are  also  somewhat  concave. 

The  basilar  surface  of  the  inner  pillars  is  nearly  rectangular  in  form  ;  in 
profile  the  pedestal  appea^B  triangular.  The  pedestal  of  the  outer  pillars  is 
considerably  larger,  and  spreads  itself  out  like  a  fan  over  the  membrana 
basilaris.  The  body  is  more  slender  and  the  double  curve  of  the  S  stands 
out  in  a  more  pronounced  manner.  The  head  faces  inwards,  in  the  opposite 
direction  to  that  of  the  heads  of  the  inner  pillars,  and  presents  in  profile  the 
appearance  of  a  poi-tion  of  a  sector,  somewhat  similar  to  the  form  presented 
by  the  profile  aspect  of  the  caput  astragali. 

The  head  of  the  outer  pillar  can  best  be  compared  with  the  caput  astragali  ;  here, 
however,  both  side  surfaces — which  correspond  to  the  malleolar  articular  surfaces  of 
the  talus — are  equally  large,  and  the  upper  surface  is  not  hollowed  out,  but  ia  uni- 
formly convex.  Deiters  (13)  compares  it  to  a  capsized  skiff,  Lowenberg  (39)  to  a 
Bird's  head,  whose  beak  would  then  correspond  to  the  head-plate.  For  the  inner 
pillar,  the  upper  end  of  the  ulna  will  afford  us  the  necessary  points  for  oomparison. 
The  processus  coronoideus  resembles  the  triangular  projection  (already  described) 
of  the  head  of  the  pillar ;  if  we  imagine  the  olecranon  somewhat  lengthened  anteri- 
orly and  bent  over,  it  will  then  be  found  to  correspond  accurately  to  the  outer  hcati- 
plate,  while  the  dorsal  tuberositas  olecrani  would  answer  to  the  hook  g  (fig.  414,  B)  \ 
the  lateral  fluting  too  would  find  its  representative  in  the  sinus  lunatns  ulns. 

The  head-plate  of  the  outer  pillar  arises  by  a  long  neck-piece  from  the  mid- 
dle of  its  extei*nal  upper  border,  and  passes  into  an  oar-sdiaped  enlargement 
(fig.  414,  u4,  c^) ;  it  constitutes,  as  will  be  seen  farther  on,  tiie  first  phalanx 
of  the  lamina  reticularis. 

*  In  the  full-g^own  Mammal  the  epithelial  lining  never  fills  up  the  solcus  (in  em- 
bryos it  occasionally  fills  it,  according  to  KoUiker  and  Hensen),  but  always  remaiBS 
as  a  single  layer  up  to  the  region  of  the  inner  hair  cells  (Hensen). 
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It  is  a  remarkable  fact  that  in  each  of  the  two  pillars  a  finely  gi*anular 
cell-protoplasm  is  to  be  found  in  two  spots,  in  the  head  and  in  the  pedestal. 
In  the  last-named  situation  (fig.  414,  ^  c  and  y ;  fig.  418,  »  and  o)  this  for- 
mation was  to  a  certain  extent  known  even  to  Corti.  It  represents  a  nucle- 
ated, variously-shaped  mass  of  protoplasm,  which  is  firmly  united  with  the 
substance  of  the  pillar,  and,  as  we  learn  from  the  embryology  of  these  parts, 
simply  constitutes  the  nucleated  remains  of  one  of  the  cells  from  wliich  the 
pillars  are  formed.     In  the  profile  view  these  cell-remains  are  found  impii- 

Fig.  414. 


Fig.  414.  Isolated  pillars,  ^f  ^.  In  all  the  figures  a  (or  a)  indicates  the  bead,  b  (or 
P)  the  body,  and  c  (or  >)  the  pedestal  of  the  pillar.  -4,  outer  pillar,  from  Mas  mus- 
colus.  Head  seen  somewhat  in  front  and  from  above ;  head-plate  with  phalangiform 
end ;  B^  inner  and  outer  pillars  in  almost  their  natural  position  (profile  view)  ;  from 
Mus  musculus ;  /,  head-plate  of  the  inner,  6  that  of  the  outer  pillar ;  g,  inner  hook- 
shaped  process  of  the  inner  head-plate ;  t,  head,  with  a  clear  portion  resembling  a 
nucleus,  and  granular  protoplasmic  remains  ;  «,  detached  portion  of  protoplasm  ;  c, 
nucleus  with  protoplasmic  remains — in  the  pedestal ;  (7,  outer  surface  of  two  inner 
pillars  seen  from  the  front ;  from  Mus  musculus.  Same  lettering  as  in  -£?,  i?.  Two 
inner  pillars  from  Vesperugo  noctula,  also  seen  from  in  front.  ^V*^.  The  head-plate 
shows  a  distinct  groove -shaped  excavation,  and  at  ^  a  finely  dotted  appearance  ;  the 
rest  of  the  lettering  is  the  same  as  before. 

soned  in  the  acute  angle  which  every  pillar  forms  with  the  membrana  basi- 
laris.  It  is  a  very  frequent  thing,  as  Boettcher  was  the  first  to  state  [see 
also  in  Hensen  (27)],  to  see  the  protoplasm  stretching  along  the  membrana 
basilaris  from  one  pillar  to  the  other  (tig.  419,  h).  As  the  remains  of  these 
connecting  bridges,  we  not  un frequently  find  threads  lying  upon  the  mem- 
brana basilaris  between  the  pillars;  these  threads  (Deiters'  system  of  sup- 
porting fibres),  however,  must  not  be  mistaken  for  nerve  fibrils. 
•  We  know  less  about  the  protoplasmic  remains  on  the  heads  of  the  pillars, 
and  they  seem  to  have  received  less  attention.*  In  this  locality  they  lie 
upon  the  outer  side  of  both  pillai^s,  that  is,  in  the  case  of  the  inner  pillars 
at  the  summit  of  the  arch  (^g.  414,  JB  e)  immediately  beneath  the  most 

*  Hensen  (27)  states  (page  499)  that  the  protoplasm  on  the  pedestals  of  the  pillars 
extends  up  over  the  pillars  to  their  very  heads ;  minuter  details,  however,  are  want- 
ing. Perhaps  the  plate-shaped  appendages  of  the  heads  of  the  inner  pillars  —which 
Max  Schultze  (50)  has  described,  and  which  project,  it  is  said,  into  the  space  beneath 
the  arch— owe  their  origin  to  these  protoplasonic  remidns. 
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prominent  portion  of  the  head-piece,  while  in  the  case  of  the  outer  pillar 
they  lie  immediately  beneath  the  point  of  origin  of  the  neck-piece  of  the  plate* 
like  process.  In  young  animals  I  have  also  sometimes  seen  a  nucleus  here, 
similar  in  size  and  form  to  that  on  the  pedestal.  After  treatment  with  a 
0.05  per  cent,  solution  of  chromic  acid,  there  appears  in  the  head  of  almost 
every  pillar  (see  fig.  414,  JB  i)  a  nucleus-like  structure,  while  the  surroimd- 
ing  mass  presents  a  finely  granular  appearance  and  passes'  into  the  proto- 
plasmic appendage  just  mentioned. 

When  hardening  reagents  are  employed,  the  bodies  and  pedestals  of  both  piUarR  dis- 
play veiy  distinct  longitudinal  striations,  and  we  now  and  then  saooeed  in  seeing  them 
break  up  into  fine  stiff  fibres,  which  are  oontinaous  with  the  striated  lamella  of  the 
membrana  basilaris.  The  head-pieces,  however,  always  remain  hom<^reneou8  ;  I  have 
never  observed  a  cayity  in  the  bodies  or  pedestals.  The  substance  of  the  pillars,  as 
first  noticed  by  Boett(dier,  shows  itself  to  be  veiy  resistant;  they  dissolve  quickly  in 
caustic  potash  only;  in  acids  and  solutions  of  salts  they  shrivel  up  somewhat;  in 
Man  I  have  found  the  pillars  in  a  good  state  of  preservation  twenty-four  houzs  after 
death.  The  great  bulk  of  these  formations  should  be  classed  among  the  cuticnlar 
structures ;  the  connection  (soon  to  be  described)  with  the  lamina  reticularis  ako 
favors  this  view. 

In  the  formation  of  the  arch  the  two  pillars  are  joined  together  in  such  a 
manner  that  the  head  of  the  outer  pillar  fits  into  the  excavation  between  the 
head-plate  and  the  head  of  the  inner  pillar  (fig.  414  JB'y  figs.  418  and  419). 
In  this  way  the  head-plate  of  the  inner  pillar  must  of  course  cover  the  head 
and  head-plate  of  the  outer  pillar,  but  still  in  such  a  manner  that  the  much 
longer  phalangiform  end  of  the  latter  always  remains  free  (fig.  413^  and// 
fig.  416  c  and  d  ;  fig.  421  6,.  Owing  to  the  fact  that  the  inner  pillars  are 
more  numerous,  and  their  heads  correspondingly  smaller,  the  head  of  an 
outer  pillar  will  always  be  found  to  rest  on  the  heads  of  at  least  two  inner 
pillars,  which  accounts  for  the  aforementioned  lateral  grooves  in  the  heads 
of  the  inner  pillars.  By  this  circumstance  the  consolidation  of  the  pillars 
is  rendered  very  firm.  The  inequality  as  to  number  in  the  two  sets  of  pil- 
lars produces  a  similar  condition  of  things  to  that  found  in  the  gingly  mug  of 
the  elbow-joint :  lateral  displacements  of  the  pillars  are  thereby  rendered 
impossible.  It  is  still  an  open  question,  however,  whether  a  radial  (about  a 
spinal  axis)  joint  motion  may  not  exist  between  the  heads  of  the  pillars. 
The  contiguous  surfisices,  whenever  observed,  always  appeared  smooth  to  me. 
The  pillars,  especially  the  outer  ones,  are  so  firmly  attached  to  the  mem- 
brana basilaris  that  oftentimes  the  bodies  will  break,  while  the  pedestals  re- 
tain their  attachments;  hence  a  motion  like  that  just  described  could  only 
take  place  during  the  actual  bending  of  the  pillars. 

If  we  bear  in  mind  the  kind  of  union  that  exists  between  the  heads  of 
the  pillars,  we  shall  be  able  to  understand  the  somewhat  complicated  picture 
presented  by  the  organ  of  Corti  when  looked  at  from  the  vestibular 
side  (figs.  413  and  421).  Here  are  displayed  a  number  of  spiral  and  radial 
lines,  the  former  of  which  (the  spiral)  are  due  in  the  first  place  to  the  inner 
and  outer  boundary-lines  of  the  heads  of  both  pillars,  and  in  the  next  place 
to  the  outer  boundary-line  of  the  head-plates  of  the  inner  pillars  (see  fig. 
421),  while  the  latter  (the  radial)  are  due  to  the  boundary-lines  between 
the  head-plates  of  the  individual  inner  pillars,  and  to  the  head-pieces  and 
neck-pieces  of  head-plates  of  the  outer  pillars,  which  may  be  seen  shining 
through.  In  regard  to  this  point  I  would  refer  the  reader  to  the  explana- 
tion of  figs.  413  and  421,  which  he  may  combine  with  the  pictures  of  ver- 
tical sections  presented  in  figs.  418  and  419.  I  would  like  to  add  a  few  ex- 
planatory remarks  in  relation  to  the  inner  boundary-line  of  the  head-plates 
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of  the  inner  pillars.  Between  every  two  inner  hair  cells  (see  fig.  413)  this 
head-plate  projects  almost  in  the  form  of  a  phalanx.  The  inner  hair  cells 
are  much  broader  than  the  inner  pillars,  and  for  every  hair  cell  there  is  a 
round  place  cut  out  from  the  substance  surrounding  the  head-plates,  so  that 
each  individual  head-plate — one  of  which  belongs  to  every  inner  pillar — 
must  possess  a  dilOferent  shape,  according  to  whether  the  pillar  stands  direct- 
ly opposite  a  hair  cell  or  between  two  of  them.  Thus  it  happens  that  in 
isolating  the  inner  pillars  we  find  their  inner  appendages  of  varying  form, 
although  as  a  general  thing  they  appear,  as  already  stated,  like  a  small 
hook  when  seen  in  profile  [See  Deiters'  careful  description  (13)1. 

By  their  union  the  pillars  bridge  over  a  sort  of  tunnel,  which  is  continued 
in  a  spiral  direction  through  the  entire  length  of  the  lamina  spii*alis,  almost 
to  the  end  of  the  hamulus.  The  transverse  section  of  the  tunnel  shows  it  to 
possess  a  triangular  lumen,*  whose  longest  side  as  a  rule  is  the  membrana 
basilaris,  the  shortest  the  inner  pillar.  The  smaller  the  species  of  animal, 
and  consequently  the  narrower  as  a  general  thing  the  membrana  basilaris, 
the  shorter  are  the  pillars,  the  steeper  is  their  inclination  to  the  membi'ana 
basilaris,  and  the  higher,  comparatively  speaking,  is  the  arch ;  then  also  the 
difference  in  size  between  the  outer  and  inner  pillars  disappears  almost 
entirely.  Yery  long  pillars  with  a  large  span  belong  to  the  larger  animals ; 
in  the  Human  being  the  arch  is  at  the  same  time  the  flattest,  resembliug 
when  seen  in  transverse  section  a  low  trapezium  (see,  e,g.y  fig.  408  (Man)  and 
fig.  409  (Yesperugo) ).  Other  peculiarities  are  to  be  found  in  the  forms  of 
the  pillars.  They  are  short  and  compact  in  the  Chii*optera  and  Mice ;  in 
Man,  the  Dog,  and  the  Ox,  they  are  slender  and  very  much  bent.  The 
longest  head-plates  exist  in  Man.  In  the  different  parts  moreover  of  the 
lamina  spiralis,  differences  are  found  in  the  size  of  the  pillars,  and  in  the 
height  and  span  of  the  arch.  As  a  rule  these  dimensions  decrease  as  we 
approach  the  hamulus.  For  fuHher  and  more  accurate  information  on  this 
point,  see  Hensen  (27). 

The  most  important  structures  resting  upon  the  inner  slope  of  the  arch  of 
Ck>rti  are  the  single  spiral  row  of  inner  kair  cells  (fig.  418  t,  figs.  421,  422, 
and  423).  They  are  of  a  compact  conical  shape :  the  large  nucleus  lies  pretty 
nearly  in  the  middle  of  the  veiy  delicate  cell  body.  The  latter  passes  on 
the  tympanal  side  into  a  long  process,  which  becomes  lost  in  a  layer  of  small 
cells — the  grantUa/r  layer  (fig.  422).  The  vestibular  extremity  of  the  hair 
cells  is  embraced  by  the  plate-like  appendages  of  the  heads  of  the  inner 
pillars  {^,  420,  i,  h),  and  it  carries  upon  l£e  cuticular  cover  a  close  crop 
of  strong  staff-shaped  hairs,  which  appear  to  be  very  resistant  structures. 
The  epithelial  cells  of  the  sulcus  spirsJiis  which  lie  next  to  the  hair  cells  are 
cylindrical  in  shape  and  alternate  in  position  with  the  hair  ccHs  (figs.  413 
and  418).     They  cover  over  the  granular  layer  spoken  of  above. 

More  obscure  are  the  relations  of  the  cells  that  lie  on  the  outer  side  of 
the  arch,  of  which  the  hair  cells — Corti's  cells  of  the  authors — are  among 
the  most  difficult  objects  of  study  in  the  cochlea.  In  describing  them  I 
shall  follow  the  statements  made  by  Gottstein  in  18G9  at  the  convention  of 
naturalists  in  Innsbruck.  The  outer  kair  ceUs  stand  in  three  (or  four)  par- 
allel contiguous  rows,  which  pursue  a  spiral  course.      The  individual  cells 

*  It  is  quite  proper  to  speak  of  a  lumen  here,  for,  apcut  from  the  protopla^inic 
remains  of  which  we  have  already  spoken  as  being  attached  to  the  pillars,  from  Deiterat* 
bands  of  supporting  fibres  along  the  bottom  of  the  arch,  and  from  the  nerve  fibres 
which  pass  through  the  tnnnel,  there  is  nothing  to  be  found  in  it  besides  the  endo« 
lymph.    (See  also  Beichert  (44).) 
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of  each  row  alternate  very  regularly  in  position  with  those  of  the  next  row 
(fig.  413).  In  each  row  there  are  ahout  the  same  number  of  cells  as 
there  are  outer  pillars.  According  to  Gottstein's  account  the  cells  possess 
each  two  nuclei,  an  upper  smaller,  and  a  second  situated  near  the  lower 

Fig.  415. 


Fig.  415.  A,  the  three  rows  of  cater  hair  cells  in  sita  (after  the  removal  of  the 
lamina  reticularis  and  the  membrana  basilaris)  together  with  the  phalangeal  and  basi- 
lar processes ;  from  the  Dog  (chloride  of  gold  preparation).  *^^.  jff,  outer  hair  cell 
(twin  cell)  from  Vesperugo  noctula.  ^f  **.  a,  basilar  process  (the  phalangeal  process 
invisible) ;  e^  upper  nucleus  with  prolongation ;  c/,  lower  nucleus ;  e,  delicate  thread 
(nerve  ?) ;  C,  tiiree  outer  hair  cells  from  Vesperoffo  noctula,  in  connection  with  the 
basilar  membrane ;  a,  d,  c^  and  e^  the  same  as  in  S.  At  tf  the  delicate  fine  hairs  are 
still  preserved ;  at  Ci  the  nucleus  is  wanting,  while  from  above  there  rises  a  conical  pro- 
jection— probably  a  portion  of  protoplasm ;  d,  phalangeal  process ;  /,  fragment  of  the 
basilar  membrane ;  2),  two  outer  hair  ceUs  from  Man  (Girl,  aet.  23).  *^.  Same  let- 
tering as  before,  tf,  darker  spot :  whether  or  not  a  nucleus  I  was  unable  to  decide ; 
Ci ,  upper  nucleus  with  nudeolus — which  in  the  hair  cells  are  always  remarkably  small ; 
the  phalangeal  process  b  of  this  cell  has  been  torn  off  and  the  remnant  is  folded  over 
toward  the  basilar  membrane  ;  E,  separate  twin  cells,  from  the  Dog.  *^*^.  Both  sets 
of  ceUs,  m  and  n,  were  directly  connected  together  in  the  first  place,  the  sharp  end  at 
n  passing  continuously  into  the  cell-protoplasm  of  jn,  and  the  hairs  being  directed 
upwards :  the  phalangeal  processes  b  are  still  connected  with  the  phalanges  (h) ; 
gy  cuticular  frames  of  the  rings,  surmounted  by  hairs  ;  a,  0,  and  d  as  before. 

end  of  the  cell.     Near  the  lower  nucleus  two  large  processes  are  given  off 
from  the  body  of  the  cell,  the  elongated  basilar  process^  which  is  firmly 
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attached  to  the  membrana  basilaris  by  means  of  a  small  triangular  swelling 
(fig.  41 5) y  and  is  the  longer  and  larger  of  the  two ;  and  the  phalangeal  pro- 
cess, which  is  narrower,  pursues  a  somewhat  crooked  course,  and  becomes 
fused  with  one  of  the  phalanges  of  the  lamina  reticularis  which  lie  just 
beyond  (externally)  and  to  one  side  of  it  (Gottstein).  It  is  not  a  rare  cir- 
cumstance moreover  to  find  delicate  short  threads — nerve  processes  (fig. 
415) — ^hanging  from  the  body  of  the  ceD. 

The  basilar  process  runs  straight  up  along  the  body  of  the  cell  and  then 
divides  into  two  arms,  which  like  the  blades  of  a  forceps  enclose  the  upper 
nucleus  {^g,  415,  JB  and  C),  Looking  down  upon  the  surface,  afber  the 
hairs  of  the  cell  have  fallen  out,  we  can  see  these  arms  shining  through  from 
below,  aud  the  semicircular  areas  which  they  enclose  will  appear  to  lie 
within  the  lings  of  the  lamina  reticularis,  into  which  the  ui>per  (vestibular) 
end  of  the  cells  is  inserted.  Deiters  (13)  was  the  first  to  observe  this  area, 
but  he  did  not  comprehend  it  correctly,  although  he  was  already  familiar  with 
the  arms  enclosing  the  nucleus.  Kolliker  (30)  seems  to  have  mistaken  it 
for  the  surface  view  presented  by  the  cilia,  for  (1.  c.  fig.  621)  in  exactly 
the  same  position  where  the  arms  ^ine  through  he  has  drawn  a  semicircu- 
lar line  and  explained  it  as  a  wreath  of  cilia.  As  in  the  case  of  the 
inner  hair  cells,  so  here,  the  cCia  form  a  thick  tuft  upon  the  entire  end-sur- 
face of  the  cells  (Middendorp  (40) ;  figs.  413  and  416). 

A  closer  examination  of  the  outer  hair  cells  reveals  the  fact  that  they  are 
composed  of  two-tailed  cells  which  have  become  fused  together — ^true  twin- 
cells  or  double  cells.  One  of  these  cells  turns  its  haiiy  nuclear  end  up- 
wards and  is  attached  by  its  tail  to  the  membrana  basilaris ;  the  other  winds 
round  the  first  in  a  spiral  direction  and  is  firmly  adherent  to  it,  the  nuclear 
end  being  turned  downwards  (toward  the  scala  tympani)  while  the  tail 
(phalangeal  process)  runs  upwards.  Fi*om  the  fusion  of  the  two  conical 
cells  results  the  two-tailed  and  double-nucleated  double  body  just  described 
(fig.  415,  ^,  (7,  2>  /  fig.  418,  p).  The  fusion  of  the  two  cells  into  a  single 
mass  varies  in  completeness  in  the  difierent  animaLs.  In  the  Rodentia  and 
Chiroptera  it  is  almost  impossible  to  separate  the  two  cells  from  each  other 
without  injuring  them  to  a  great  extent  and  rendering  the  fragments 
irrecognizable.  In  Dogs  (fig.  415,  j&)  I  have  succeeded  a  few  times  in  sep* 
aradng  a  somewhat  mutilated  ciliated  portion  from  the  basilar  process  and 
the  rest  of  the  cell-body,  which  then  ynL\  be  seen,  as  represented  in  the 
figure,  provided  with  two  tails ;  these  two-tailed  remains  have  been  described 
by  Deiters  (13)  as  special  cells,  under  th^name  of  ''hair  cells"  ('' Deiters' 
cells,'^  Kolliker).  As  in  the  case  of  the  mner  hair  cells,  so  here  also  the 
upper  end  of  the  cell  carries  a  thick  cuticular  lid,  which  fits  into  the  ring 
of  the  lamina  reticularis  and  carries  cilia. 

The  outer  slope  of  the  organ  of  Corti  shows  many  variations,  according 
to  the  species  and  kind  of  animal.  It  is  a  remarkable  circumstance  that 
the  Human  being  possesses  four  or  even  Jive  rows  of  outer  hair  cells  (figs. 
416  and  421),  while  in  all  the  animals  I  examined  there  were  always  only 
three  rows*. 

In  Man,  furthermore,  the  hair  cells  are  very  large,  the  processes  thick  and 
more  like  ordinary  cell-protoplasm,  and  the  hairs  very  long  and  stifi',  like 

*  Hensen  (27)  states — in  a  passixig  remark,  and  withoat  mentioning  whether  in 
animals  or  in  Man—that  in  the  second  and  third  turn  *^  more  than  four  hair  cells  ** 
appeared  to  be  present.  Lowenberg,  in  a  drawing  (fig.  4)  of  a  transverse  section 
of  the  oigan  of  Corti  from  a  Child,  has  represented  fonr  tufts  of  cilia,  but  be  makes 
no  mention,  either  in  the  text  or  in  the  explanation  of  the  figure,  of  four  rows  of 
hair  cells  in  Man 
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bristles.  In  the  embryo  we  find  in  the  pkoe  of  the  hair  cells  a  dosdy 
packed  group  of  cylinder  cells,  which  gradually  grow  flatter  until  Uiey 
become  merged  in  the  epithelium  of  the  zona  pectinata.  Probably  each 
hair  cell  originates  from  the  subdivision  of  a  cylinder  cell,  and  botii  pro* 
ducts  of  the  subdivision  remain  more  or  less  firmly  united  to  each  other. 

Besides  the  bands  of  spiral  fibres— which  we  shall  mentioD  later,  when  treatiog  of 
the  nerves  —  there  are  no  other  elements  to  be  seen  among  the  hair  oeOa.  In 
reg^ard  to  the  cjlindrical  prop-cells  of  Hensen  (Fig.  416,  h),  which  follow  next  is 
Older  on  the  outer  side  of  the  hair  cells,  what  has  already  b€Men  said  on  page  1028  will 
suffice. 

Another  pecoliarii^  requixiog  speciAl  mention  is  the  oocoirenoe  of  nomeroas  light- 
brown  pigment  granules,  which  are  found,  especially  in  Man,  in  the  plates  of  the 
lamina  reticularis,  and  in  the  epithelium  of  the  ductus  cochlearis^  particularly  in  the 
stria  vascularis;  Corti  (10)  has  also  called  attention  to  these  granules  (page  111). 

The  membrana  tsctoria  of  Claudius  (Corti's  membrane,  Kolliker) 
(figs.  408  and  409,  Mi)  begins,  in  the  immediate  neighborhood  of  the  line 
of  attachment  of  Eeissner^s  membrane  along  the  crista  spiralis,  as  an  im- 
measurably fine  lamina,  which  covers  and  is  firmly  adherent  to  the  crista ; 
from  this  point  it  at  once  increases  vety  considerably  in  thickness,  attain- 
ing its  greatest  thickness  in  the  sulcus  spiralis  intelnus,  and  ends,  according 
to  my  experience, — which  is  the  same  as  Hensen's  and  Gottstein^s, — in  a 
very  delicate,  thin  free  margin,  in  the  neighborhood  of  the  outermost  hair 
cells.  It  lies  immediately  upon  the  surface  of  the  organ  of  Corti — that  is, 
upon  the  lamina  reticularis — throughout  its  entire  extent. 

The  chief  substance  of  the  membrana  tectoria  appears  finely  fibrillated  in 
a  radial  direction.  Where  the  membrane  lies  upon  the  crista,  its  under 
surface  presents  the  appearance  of  an  irregularly  shaped  network  (relief  oi 
the  crista)  ;  its  termijial  portion  likewise  presents  a  delicate  retiform  de- 
sign, which  in  all  probability  is  due  to  the  imprint  of  the  prominent  tufts 
of  cilia  of  the  outer  hair  cells  (see  in  particular  the  description  of  Lbwen- 
berg  (39)  and  Henle  (26)  ).  A  subdivision  of  this  membrane  into  zones  is 
surely  an  unnecessary  burden  for  the  organ  of  Corti,  which  is  already  so 
abundantly  laden  with  names.  The  consistence,  however,  of  the  mem- 
brana tectoria  is  a  matter  of  particular  interest.  I  do  not  know  how  it 
came  to  have  the  reputation  of  being  an  unusually  elastic  membrane ;  por- 
tions of  it  isolated,  in  a  fresh  condition,  are  found  to  be  quite  soft  and  may 
be  folded  into  any  shape;  the  edges  are  never  found  rolled  up.  When 
hardened  in  alcohol  the  membi^me  becomes  very  much  contracted,  and 
retains  on  its  sur&ce  the  impi;^ssion  of  the  structures  which  may  haire 
happened  to  be  in  contact  with  it.  Occasionally  I  have  found  the  'tufts  of 
cilia  of  the  outer  hair  cells  sticking  in  the  substance  of  the  membrane ;  at 
the  same  time  the  latter  had  become  somewhat  displaced  and  had  carried 
with  it  the  lamina  reticularis,  togetlier  with  the  hair  cells — all  attached  to 
the  membrane  by  the  tufts  of  hairs.  These  are  not  unimportant  points, 
and  I  shall  return  to  them  farther  on.  For  the  present  it  will  be  sufficient 
to  show — ^as  Hensen  (27)  alone,  so  far  as  I  am  aware,  has  shown — ^that  the 
membrane  of  Corti  possesses  a  pretty  soft,  almost  gelatinous  consistencj. 
According  to  Kolliker  (30,  34)  and  Hensen  (27)  it  ^oidd  be  considered  w 
probably  a  cuticular  formation  (secretion)  proceeding  from  the  epithelial 
cells  of  the  crista  and  sulcus  spinalis  intemus.  In  embryos  these  cells  con- 
stitute a  thick  layer,  which  subsequently  shrinks  away  in  the  same  proper 
tion  as  Corti's  membrane  grows.  In  Birds,  according  to  Hasse^s  (20)  state- 
ments,  the  membrana  tectoria  passes  without  any  sharp  limits  into  tha 
mucoid  mass  in  which  the  otoliths  of  the  lagena  are  embedded. 
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The  most  complicated  structui^e  of  the  ductus  cochlearis  is,  beyond  all 
ques^on,  the  lamina  reticularis  (KoUiker),  whose  highly  oniamental  surface 
as  seen  from  above  is  represented  in  figs.  413  and  421.  The  retiform 
lamella  consists  of  a  number  of  frames,  resembling  rings  and  lady-fingers  (or 
digital  phalanges)  in  shape — Boettcher's  (2)  rings  and  Deiters^  (\2) pha- 
langes. The  borders  of  these  frames  have  double  outlines,  and  it  is  possible 
to  obtain  isolated  specimens  both  of  the  rings  and  of  the  phalanges.  On 
the  inner  side  of  the  arch  of  Corti  [see  the  description  of  Deiters  (13)]  we 
find  but  a  single  row  of  phalanges  and  rings  (see  Rg.  420,  taken  in  part 
from  a  preparation  of  Gottstein's),  from  the  latter  of  which  the  cilia  of  the 
inner  hair-cells  project.  These  rings  are  continuous  with  a  second,  incom- 
pletely reticular  structure,  which  embraces  the  heads  of  the  epithelial  cells 
of  the  sulcus  spiralis  intemus  which  are  next  in  order.  On  the  outer  side 
of  the  arch  of  Corti  follows  the  larger  portion  of  the  retiform  lamella,  com- 
posed of  three  or  four  rows  of  phalanges  and  rings,  which  correspond  in 
number  to  the  outer  hair-cells.  At  the  outer  limit  of  the  organ  of  Corti 
these  phalanges  and  rings  pass  continuously  into  an  irregularly-shaped  cuti- 
cular  meshwork — Deiters'  terminal  frames — which  is  constructed  over  the 
vestibular  surface  of  the  epitlielium  of  the  zona  pectinata  and  of  Hensen's 
prop-cells,  and  requires  no  special  description  in  this  place. 


/r... 


Fig.  416.  Fragment  of  the  lamina  retioolaris  from  the  newly-born  Child.  Profile 
view.  ^^^.  a,  inner,  b^  outer  pillar ;  only  the  head-ends  preserved  ;  o,  head-plate  of 
the  inner  pillar,  terminating  in  front  of  the  first  taft  of  hair,  /i ;  d^  head-plate  of  the 
enter  pilh&r  with  its  phalangiform  appendage,  «> ;  /,  hairs  of  the  inner  hair-cells — ^the 
cells  themselves  have  not  l^en  preserved  ;  /i  — /»,  five  tufts  of  hair  belonging  to  the 
outer  hair-oells,  and  projecting  throagh  the  rings  of  the  lamina  reticularis  (in  surface 
views  only  four  rows  of  hair-tufts  could  be  counted  with  certainty  ;  only  here  and 
there  was  a  taft  found  belonging  to  the  fifth  row) ;  Ci — ««,  phalanges ;  gi — ^»,  mutilat- 
ed outer  hair-oells,  still  atta<^ed  to  the  lamina  reticularis ;  A,  prop-oeUs  (Hensen). 

The  rings  and  phalanges  are  so  arranged  as  to  alternate  with  each  other 
in  regular  succession :  a  phalanx  is  always  surrounded  by  four  rings,  and 
vice  versd  *  (a  glance  at  fig.  413  will  illustrate  this  point  with  sufficient 

*  Strictly  speaking,  this  statement  is  true  only  when  the  head-plates  of  the  pillars 
and  the  terminal  fnunee  are  ooonted  in,  for  otherwise  in  Man  we  oould  only  say  it  of 
Hie  rings  of  the  third  row,  that  on  all  sides  they  were  surrounded  by  phaUnges. 
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clearness).  The  first  row  of  outer  rings  begins  close  to  the  outer  end  of  tiie 
head-plates  of  the  inner  pillars ;  each  phalanx  of  the  second  row  forms  the 
lateral  boundary  outwardly  of  the  phalangifoi-m  end-pieoe  of  the  outer  head- 
plates  (fig.  413,  k^fi^  I J  n).  In  regard  to  the  boundaries  of  the  third  ring, 
the  only  point  to  be  noticed  is  that  on  the  outer  side  (see  fig.  413)  com- 
pletely formed  phalanges  are  wanting,  and  in  their  stead  we  find  Deiters' 
terminal  frames. 

Each  ring  encircles  closely  the  basilar  margin  of  its  appropriate  hair  cell ; 
the  frame  of  the  ring  passes  continuously  into  the  frames  of  the  contigaoas 
phalanges,  so  that  in  isolating  either  one  of  them  we  always  carry  away  por« 
tions  of  the  others  bordering  upon  it,  in  precisely  the  same  manner  as  in  a 
net  we  cannot  remove  one  mesh  without  at  the  same  time  destroying  the 
neighboring  meshes.  The  frames  of  the  phalanges  being  filled  with  a  deU- 
cate  membrane,  these  also  become  destroyed  by  the  manipulation,  leaying 
nothing  behind  but  the  simple  framework. 

The  descriptions  hitherto  have  been  limited,  like  the  above,  to  the  exter- 
nal form  of  the  lamina  reticularis — we  except  of  course  the  correct  interpre- 
tation which  Kolliker  has  already  given  to  it,  of  being  a  cuticular  covering- 
plate  for  the  organ  of  CortL  To  understand  this  structure,  which  at  first 
sight  appears  so  complicated,  and  to  do  fuller  justice  to  the  arch  and  organ 
of  Corti,  it  is  necessary  that  we  should  first  consider  all  these  parts  in  their 
proper  connection. 

In  passing  from  within  outwards  in  the  organ  of  Corti — for  the  sake  of 
simplicity  we  overlook  the  &ct  that  in  Man  the  hair  cells  are  more  numer- 
ous— we  shall  find,  placed  one  behind  the  other,  six  rows  of  cells,  which  are 
arranged,  so  to  speak,  in  alternating  groups :  the  inner  hair  cells,  the  inner 
and  outer  pillars  of  Corti,  and  the  three  rows  of  outer  hair  cells.  The  reg- 
ular alternation  in  their  position  is  disturbed  only  by  the  difference  in 
number  between  the  inner  hair  cells  and  the  pillars. 

If  we  examine  the  pillars  of  Corti  more  carefully,  we  shall  soon  see  that 
in  their  structure  they  coiTespond  to  an  outer  hair  cell.  Each  pillar  is  to  a 
great  extent  a  cuticular  metamorphosis  of  a  double  cell,  one  poi-tion  of 
which — the  nucleated  basis — rests  upon  the  membrana  babilaris,  the  other 
against  the  lamina  reticularis.  The  nucleated  part  of  this  latter  portion 
lies  upon  the  head-piece  of  the  pillars  (the  nucleated  protoplasmic  remains 
composing  this  part  have  already  been  described  by  us  on  page  1029)  ;  in 
the  pedestals  of  the  pillars  these  nucleated  parts  have  been  known  for  a 
long  time  past.  The  two  processes  are  also  not  wanting.  The  basilar  pro- 
cess belongs  to  the  upper  protoplasmic  remains,  that  is,  to  the  upper  cell, 
and  constitutes  a  part  (the  outermost  periphery)  of  the  body  of  the  pillar ; 
the  phalangeal  process  is  represented  beyond  a  doubt  by  the  head-plate ;  it 
belongs  to  the  protoplasmic  remains  of  the  pedestal  of  the  pillar  (the  under 
cell)  and  is  united — ^in  exactly  the  same  manner  as  in  the  hair  cells — ^so  as 
to  form  one  with  the  basilar  process,  that  is,  here,  with  the  body  of  the  pfl- 
lar.  The  relations  can  be  seen  most  distinctly  in  the  outer  pillars,  but  they 
can  also  scarcely  fail  of  recognition  in  the  inner.  The  development  of  the 
pillars,  which  was  first  studied  by  Kolliker,  teaches  that  originally  these 
structures  are  conical  epithelial  cells  of  the  basilar  membrane.  That  they 
are  the  product  of  the  fusion  of  two  cells  is  to  be  inferred  from  the  demon- 
stration of  protoplasmic  remains  both  in  the  head  and  in  the  pedestal — a 
nucleus  being  sometimes  present  in  each  of  the  protoplasmic  collections. 
At  the  present  time,  however,  I  am  unable  to  decide  whether  each  pillar 
is  the  result  of  the  fusion  of  two  originally  separate  cells — as  I  believe 
to  be  the  case  in  the  outer  hair  cellsr--or  of  the  subdivision  of  a  single 
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cell  whose  two  products  of  subdivision  afterwards  undergo  a  cuticular 
transformation.* 

Each  of  the  outer  hair  cells  corresponds — as  may  be  inferred  from  the 
manner  in  which  they  slope  outwards — ^to  a  ring,  together  -with  its  adjoining 
phalanx,  which  is  situated  on  the  outer  side  of  it.  Each  phalanx  is  the 
cuticular  coat  of  mail  of  the  hair  cell  which  lies  beneath  it ;  the  cell  further- 
more adheres  to  the  phalanx  like  the  body  of  a  Turtle  to  its  shell,  and,  like 
a  Turtle,  it  stretches  out  its  head  towards  its  appropriate  ring.  Hence  we 
can  explain  the  fact  that  the  outer  phalanges  grow  shorter  while  the  last 
ones  appear  simply  like  irregular  terminal  frames,  by  remembering  that  the 
outermost  row  of  hair  cells  slopes  less  than  the  others.  Long  and  very 
sloping  hair  cells  (Cat,  Ox,  and  Man)  are  found  in  conjunction  with  a  broad 
lamina  reticularis  with  long  drawn  out  meshes;  while  steeply  inclined, 
short  hair  cells  (Chiroptera)  accompany  a  narrow  lamina  reticularis  with 
short  and  broad  meshes. 

Leaving  out  of  consideration  for  the  moment  the  various  peculiarities  of 
the  inner  hair  cells,  the  apparently  complicated  structure  of  the  organ  of 
Corti  will  be  found  to  follow  a  simple  plan.  Several  rows  of  cylinder  cells 
(double  cells)  are  arranged  one  after  the  other  in  regular  order  upon  a  broad 
zone  of  the  lamina  spiralis  and  are  held  fast  between  two  membranous  (cu- 
ticular) boundaries  (the  lamina  reticularis  and  the  striated  lamina  of  the 
membrana  basilaris).  Of  these  cylindrical  double  cells,  two  sets — the  pillar 
cells — ^have  also  undergone  to  a  great  extent  a  cuticular  transformation, 
for  the  purpose  of  establishing  a  firm  supporting  arch  for  the  whole.  The 
cuticular  covering  lamella  starts  from  the  head-pieces  of  the  arch  and  is 
composed  of  the  ends  of  the  cells ;  toward  both  edges  it  gradually  grows 
thinner  and  thinner,  by  the  constantly  diminishing  amount  of  substance  de- 
posuted  upon  the  inner  and  outer  epithelium.  Deviations  from  this  plan  are 
afibrded  by  the  inner  hair  cells,  which  in  the  first  place  cannot  be  con- 
sidered as  double  cells,  and  in  the  next,  like  the  inner  pillars,  do  not  cor- 
respond in  number  to  the  outer  hair  cells.  The  inner  pillars  appear  to  be 
the  middle  point  of  the  whole,  inasmuch  as  in  both  directions,  inwardly  and 
outwardly,  they  contribute  to  the  formation  of  the  lamina  reticularis. 

Special  attention  should  also  be  called  to  the  careful  manner  in  which 
the  outer  hair  cells  are  attached ;  by  means  of  their  two  processes  and  the 
head-piece  they  are  held  immovable,  and  at  the  same  time  ten.s(»,  between 
the  lamina  reticularis  and  the  basilar  membrane.  These  cells,  together  with 
Corti's  pillars,  are  a  peculiarity  of  the  Human  and  Mammalian  cochlea ;  I 
shaU  return  to  the  inner  hair  cells  when  I  come  to  speak  of  the  nerve  ter- 
minations. 

We  have  now  constructed  the  apparatus  towards  which  the  terminal  fila- 
ments of  the  N.  acusticus  direct  their  course,  and  in  whose  most  essential 
parts — the  inner  and  outer  hair-cells — ^they  find  their  actual  termination. 
Before  treating  of  these  particular  ]>oints,  I  shall  make  a  few  remarks  on 
the  relations  of  the  main  trunk  of  the  auditory  nerve. 

*  The  head-piece  coTresponds,  Bccording  to  the  foregoing  account,  to  that  end  of 
the  hair  oells  which  carries  cilia.  For  a  long  time  past  Gottstein  and  I  have  enter- 
tained the  view  (based  upon  various  obseryationa)  that  rudiments  of  cilia  actually  do 
occur  on  the  head-ends  of  the  pillars  (see  for  instance  fig.  421).  The  fibrillated  stnio- 
tnre  of  the  body  of  the  pillar  also  points  to  the  same  oondusion. 
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Auditory  Nerve  and  its  Rdatians  to  the  Organ  of  Corti. 

Acooixling  to  the  statements  of  ^tieda  (51-53),  which  I  follow  here  in  the 
main,  the  nervus  acusticus  arises  by  two  roots  in  the  medulla  oblongata. 
One  ix)ot  is  composed  of  delicate  fibres,  and  its  ganglionic  nucleus  of  origin — 
Stieda's  central  acusticus-nucleus — consists  of  small  ganglionic  bodies,  situ- 
ated in  the  floor  of  the  fossa  rhomboidea.*  The  other  root,  which,  ax>- 
cording  to  Stieda,  consists  of  remarkably  thick  axis- cylinders,  thicker  than 
can  be  found  in  any  other  nerve,  arises  from  a  special,  large-celled  gan- 
glionic nucleus  of  origin  in  the  cms  cerebelli  ad  medullam  oblongatam — 
Stieda's  lateral  acusticus-nucleus.  Deiters  (16)  also  describes  this  na- 
cleus,  and  gives  a  drawing  of  it,  but  he  does  not  recognize  the  fact  that 
the  acusticus  originates  in  its  ganglion  cells.  For  further  details  and  Uter- 
ary  references,  see  Stieda,  loc.  cit.  Very  soon  after  leaving  the  medulla,  the 
root  with  large  fibres  is  provided,  like  the  posterior  roots  of  the  spinal  oord^ 
with  a  small  ganglion. 

Both  roots  speedily  become  merged  into  a  single  trunk,  whose  primitive 
fibres,  as  Czermak  (11)  found,  not  uufrequently  subdivide  and  give  off 
branches,  and  are  probably  to  be  considered  as  fjasciculi  of  primitive  fibrils, 
with  simply  a  medullary  sheath  (page  123  of  this  book,  II.  2),  inasmuch  us 
no  sheath  of  Schwann  can  be  demonstrated  in  them.  In  the  porus  audit! vus 
intemus  the  trunk  of  the  nerve  divides  into  two  branches — i-amus  vesti- 
bularis and  ramus  cochlearis.  The  former  of  these  possesses  here  a  small 
ganglion — intumeacentia  gangliojormis  Scarpce — and  subdivides  into  the 
rami  ampullares,  the  ramus  utricularis,  and  the  ramus  sacculL  The  very 
much  larger  ramus  cochlearis  gives  off  first  a  small  bundle  of  fibres  to  the 
septum  membranaceum  utriculi  et  sacculi  (Henle,  26)  and  to  Heichert^s 
(45)  macula  cribrosa  quarta — a  fiaujt  disputed,  however,  by  Middendorp 
(40) — and  then  passes  through  the  tractus  spiralis  foraminulentus  direct 
to  the  first  turn  of  the  lamina  spiralis,  and  straight  into  the  modiolus, 
whence  it  is  distributed  to  all  the  other  turns  of  the  lamina  spiralis.  Before 
the  bundles  of  fibres,  however,  enter  the  lamina  spiralis,  all  the  branches  tra- 
verse the  ganglion  spirale,  which  is  situated  in  the  cemalis  ganglionaris,  at 
th^  commencement  of  the  lamina  spiralis.  Probably  a  bipolar  ganglionic 
sphere  is  interpolated  here  in  the  course  of  every  nerve-fibre.  Numerous 
ganglion  cells  are  also  found  in  the  course  of  the  main  trunk  of  the  nerve 
and  in  the  ramus  vestibularis,  where  they  present  the  appearance  of  simple 
nucleated  swellings  of  the  axis  cylinder.     (See  fig.  39  of  this  book.) 

Beyond  the  ganglion  the  fibres  are  spread  out  in  nearly  one  and  the  same 
plane  between  the  tympanal  and  vestibular  lamellaB,  though  much  nearer  to 
the  former  they  still  possess  their  ample  medullary  (deaths,  and  form 
numerous  anastomoses  and  plexuses  (fig.  417).  We  can  make  out  here  the 
anastomoses  between  the  coarse  and  the  fine  bundles.  In  Man  the  latter 
(fig.  417  h)  are  very  numerous  just  before  their  entrance  into  the  ductus 
cochlearis ;  in  a  surface  view  this  gives  rise  to  the  appearance  of  a  delicate 
serrated  line.  The  individual  terminal  bundles  of  the  nerve  now  rapidly 
diminish  in  size  by  losing  the  greater  part  of  their  medullary  sheaths,  and 
then  pass  into  the  cavity  of  the  ductus  cochlearis  through  fine  canals  in  the 
membrana  basilaris. 

The  delicate  and,  as  a  general  thing,  rcmnd  ooaalB  for  the  nerves  are  of  an 
appreciable  length  in  the  upper  oochleal  turn,  for  in  this  locality  they  traverse  the 
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membrana  basilAris  obliquely,  a  few  of  the  pale  fibres  anastomosing  on  the  waj  with 
their  neighbors.  In  the  lower  turn,  however,  they  traverse  the  membrane  in  a  more 
nearly  perpendicular  direction,  so  that  in  a  surface-view  we  see  before  us  regular 
holes,  which  in  Man  are  small,  round,  and  near  together;  while  in  the  Dog  and 
other  ftnJTniJn  (fig.  411  k)  they  are  elliptical  in  shape,  and  larger.  Ldwenberg  gives 
a  detailed  description  of  them ;  see  also  KoUiker,  Mihroak,  Anatomie,  p.  751. 

Fig.  417. 


— S 


Fig.  417.  Lamina  spbralis  of  the  first  turn  of  the  cochlea,  seen  from  the  tympanal 
idde  (li  yr.  old  Child).  Expansion  of  the  N.  cochlearis.  a,  laige  trunks  with  numer- 
ous anastomoses ;  b,  girdle-shaped  last  row  of  delicate  anastomoses ;  c,  Membrana 
bosilaris.     ^. 

The  pale  fibres,  after  they  have  emerged  from  the  openings,  continue  to 
pursue  a  radial  direction  in  attaining  their  terminal  organs.  In  correspond- 
ence with  the  inner  and  outer  hair  cells  we  must  distinguish  inner  and  aiUer 
nerve  terminal  fibres.  Both  the  inner  and  the  outer  fibres,  after  their 
emergence,  traverse  first  a  scanty  layer  of  round  cells — ^the  grcmular  layer 
(fig.  418  and  fig.  422) — which  is  situated  between  the  inner  slope  of  the 
organ  of  Corti,  just  where  the  nerve  fibres  emerge.  Later,  when  I  come  to 
speak  of  the  spiral  bands  of  fibres  in  the  organ  of  Corti,  I  shall  return  to 
the  subject  of  this  granxilar  layer  and  its  relations  to  the  nerve  fibres ;  for 
the  present  I  shall  accompany  the  radial  nerve  fibres  to  their  points  of 
termination. 

The  inner  radial  fibres  pass — as  I  have  often  been  able  to  prove  (&g.  423) 
— directly  through  the  granular  layer  and  terminate  in  the  pointed  end  of 
the  inner  hair  cells.  These  fibres  appear  to  me  to  possess  a  comparatively 
great  breadth  (1.5-2ft) ;  I  am  therefore  inclined  to  consider  them,  not  as 
individual  axis-fibrillse,  but  as  bundles  of  fibrill»  (axis-cylinders) — (see  page 
123  of  this  book).  From  their  diameter  they  may  perfectly  well  represent 
the  undivided  axis  cylinders  of  the  meduUated  acusticus  fibres  whidi  enter 
the  foramina  nervina.  Hasse  (18-25)  found  that  the  termination  of  the 
nerves  in  the  hair  cells  of  Frogs  and  Birds  was  always  similar  to  that 
described  above  (see  farther  on). 

The  outer  radial  fibres  direct  their  course,  as  Gottstein  has  found,  toward 
the  tunnel  of  Corti,  passing  between  the  inner  pillars  and  traversing  the 
tonnel  about  midway  between  the  summit  and  the  base  of  the  arch ;  in  a 
profile  view  these  fibres  appear  like  stretched  harp-strings.  On  leaving 
the  arched  space  they  pass  through  the  outer  pillars  and  direct  their  course 
— rising  a  little  toward  the  scala  vestibuli — straight  to  the  outer  hair  cells, 
with  which  they  become  completely  fused  (figs.  418  and  419).  In  several 
preparations  from  the  Dog  and  tJie  Bat  I  have  seen  this  termination  of 
the  nerves  in  the  most  convincing  manner,  at  least  so  far  as  the  innermost 
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row  of  the  hair  cells  is  concerned ;  as  to  the  other  rows,  we  may  pretty 
confidently  assert  that  Ihe  termination  of  the  nerves  is  the  same,  for  we  can 
frequently  see  several  fibres  passing  at  the  same  time  between  the  outer 
pillai-s. 


Pig.  418.  Vertical  section  through  the  oigan  of  Corti  (Dog).  *^.  a-*,  homo- 
geneous layer  of  the  membrana  basilaris;  u^  vestibular  layer  of  the  same,  corre- 
Bponding  to  the  strisB  of  the  zona  i>ectinata ;  r,  tympanal  layer  with  nuclei^  g^ran- 
ular  cell  protoplasm,  and  transversely  cut  fibrils  of  connective  tissue ;  a,  labium 
tympanicum  of  the  crista  spiralis  ■  ai,  prolongation  of  the  tympanal  periosteum  of 
the  lamina  ^spiralis  ossea;  e^  thickened  commencing  portion  of  the  membrana 
basilaris,  immediately  to  the  outside  of  the  point  of  emergence  of  the  nerves,  h; 
d,  vas  spirals ;  e^  blood-vessel ;  /,  bundle  of  nerves ;  g.  epithelium  of  the  sulcus 
spiralis  intemus  (not  well  preserved)  •  t,  inner  hair  cell ;  i,  its  basilar  process  ;  in  its 
neighborhood,  just  above  the  point  of  emeigence  of  the  nerves,  are  a  few  nuclei  and 
a  finely  granular  mass  through  which  the  nerve  fibres  radiate  (granular  layer) ;  ^ 
inner  portion  of  the  head-plate  of  the  inner  pillar  and  hairs  of  t^e  inner  hair  odl ; 
7n,  conjoined  head-pieces  of  both  pillars  ;  the  body  here  of  the  outer  pillar  has  been 
cutj  through  the  middle  ;  behind  it  are  the  body  and  pedestal  o  of  the  next  pillar ; 
71,  pedestal  of  the  inner  pillar,  with  nucleated  protoplasmic  remains ;  p^  q^  r,  three 
outer  hair  cells  (only  traces  of  the  cilia  preserved) ;  the  first  one  only  is  complete  ;  of 
the  other  two  only  the  head  portions  are  visible ;  ^,  basilar  portions  of  two  other 
hair  cells  ;  e,  Hensen^s  prop  cell ;  W,,  lamina  reticularis  ;  w,  nerve  fibril,  which  is  on 
its  way  to  the  first  hair  cell  p,  and  may  be  followed  through  the  archway  back  to  the 
point  of  emergence  of  the  nerves. 

The  outer  radial  fibres  always  appeared  to  me  to  be  much  more  deli- 
cate than  the  inner.  When  fresh  (tigs.  419  and  420),  they  resemble  most 
nearly  the  very  delicate  axis  fibrillie  which  are  distributed  to  the  rod-gran- 
ules in  the  retina,  as  described  by  Max  Schnltze,  and  are  characterized  by 
peculiar  drop-shaped  varicosities.  I  have  seen  these  fibrils  very  beautifully 
exhibited  in  an  osmic  acid  preparation  of  Gottstein's.  Max  Schultze  (50), 
as  is  well  known,  was  also  the  first  to  describe  similar  pale  nerve-fibrils  in 
the  cochlea,  and  I  am  inclined  to  look  \ipon  all  these  very  delicate  varicose 
fibrils  that  are  found  in  the  sulcus  spiralis  intemus,  by  the  side  of  the  larger 
fibres  which  go  to  the  inner  hair  cells,  as  radial  fibres,  even  though  they  may 
appear  (as  in  fig.  420)  to  be  on  their  way  to  the  inner  hair  cells  (for  both 
sets  of  fibres  follow  the  same  route  up  to  this  point).  The  same  remark  ap- 
plies to  the  delicate  fibres  in  fig.  422,  which  pass  up  through  the  granular 
layer  and  between  the  inner  hair  cells;  for,  as  I  have  already  stated,  those 
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fibres  which  I  positively  saw  terminating  in  the  inner  hair  cells  were  much 
thicker.  The  yaricosities  of  the  outer  radial  fibres  (see  also  ^.  28,  p.  117 
of  this  book)  cannot  be  mistaken  for  anything  else ;  after  once  seeing  the 
genuine  vai'icose  nerve  fibrils  of  the  cochlea,  one  will  not  easily  commit  the 
error  of  mistaking  connective-tissue  fibrillse  for  nei-ve  fibrillas.  It  is  true 
that  small  granular  swellings  occur  at  pretty  regular  intervals  here  and  there 
in  the  course  of  the  extremely  delicate  connective-tissue  fibrils  of  the  tympa- 
nal surface  of  the  basilar  membrane,  but  they  never  possess  the  peculiar 
brilliancy  and  the  exquisite  drop-like  shape  of  the  genuine  nerve  varicosities. 

Pig.  419. 


.  Fig.  419.  Cortina  arch,  from  Man  (Maiden,  aged  30).  Teased  preparation.  ^^, 
(The  natural  position,  as  seen  in  sections,  is  not  preserved.)  a,  inner  pillar ;  5,  its 
head-plate ;  e,  attached  fragment,  probably  from  one  of  the  inner  hidr  cells ;  d, 
outer  pillar;  e,  its  head-piece  (preserved  only  in  part) :  /,  its  pedestal ;  g,  pedestal 
of  the  inner  pillar ;  A,  nucleus  with  protoplasm  extendmg  over  a  laige  part  of  the 
distance  between  the  two  pillars ;  »,  nuclens  of  the  pedestal  of  the  inner  pillar ;  k, 
rudiments  of  two  outer  hair  cells ;  I,  m,  disconnected  portions  of  radial  fibrUs,  which 
are  distinctly  varicose  in  ohaiaoter,  and  which — some  of  them  at  least — ^may  be  fol- 
lowed as  far  as  to  the  outer  hair  oeUs  (nerve  fibrils). 

Taking  into  consideration  these  two  peculiarities  and  the  circumstance  that 
the  drops  are  tinged  black  in  perosmic  acid,  I  would  venture  to  interpret 
the  genuine  nerve  varicosities  as  extremely  delicate  medullary  sheaths. 
(According  to  this  view,  then,  the  medullary  sheath  would  not  be  wanting 
even  in  Max  Schultze's  primitive  fibrillsa — my  axis  fibrill».)  Hasse,  how- 
ever, denies  the  existence  of  a  medullary  sheath  even  in  the  larger  terminal 
nerve  fibrils  of  Birds  and  Frogs ;  at  the  same  time  he  describes  them  as 
still  having  a  delicate  sheath  of  Schwann  after  their  entrance  into  the  ductus 
cochlearis.  Neither  in  Birds  nor  in  Mammals  have  I  ever  made  any  obser- 
vations that  would  favor  such  a  view. 

From  the  numerous  specimens  prepared  by  Gottstein  and  myself,  I  think 
I  am  justified  in  placing  it  as  a  fixed  fact,  in  our  stock  of  knowledge  con- 
cerning the  cochlea,  that  the  radial  fibres  desciibed  above  are  nervous  in 
character,  and  terminate  in  the  inner  and  outer  hair  cells.  I  am  convinced 
that  no  one  who  works  with  good  methods  will  dispute  these  facts.  The 
66 
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question,  however,  sfcill  remains  to  be  answered,  whether  other  elements  of  a 
nervous  character  do  not  occur  in  the  cochlea — ^I  refer  to  the  tpiral  hcmdi 
of  fibres  discovered  by  Max  Schultze. 

Fig  420. 


Fig.  420.  Lamina  granulosa  acustica  of  the  Dog,  with  the  neighboring  parts ;  tiie 
drawing  corresponds  to  two  preparations,  one  of  which  incln(^  the  region  from/  to 
t.  The  commencing  portion  of  the  arch  of  Corti,  together  with  the  inner  hair  cells, 
has  been  pushed  very  much  to  the  outside  of  its  normal  position,  and  the  granular  lay- 
er has  been  lacerated  ui  places.  ^\^,  a,  bundle  of  nerves  (diagrammatio) ;  5,  foramina 
nervina;  c,  granular  cells  with  processes  and  intervening  delicate  fibrillse,  some  of 
which  may  be  followed  to  the  foramina  nervina ;  d^  group  of  spiral  fibres,  some  of 
which  are,  as  it  appears,  prolongations  from  the  radial  fibres  which  have  bent  ronnd 
the  inner  hair  cells ;  «,  head-pieces  of  the  inner  pillars ;  g^  commencing  portion  of  the 
lamina  reticularis ;  A,  hairs  of  the  inner  hair  cells  i;  /,  head-x>iates  of  the  inner  pil- 
lars ;  A;,  2,  distinctly  varicose  nerve  fibrillsB,  which  pass  out  of  view  near  the  summit 
of  the  inner  hair  cells. 

According  to  my  observations,  two  principal  sets  of  spiral  fibres  may  be 
distinguished  in  the  organ  of  Corti — the  inner  and  the  outer  band.  The  inner 
and  at  the  same  time  smallest  band  (fig.  421  i,  fig.  422  c)  corresponds  to 
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the  row  of  inner  hair  cells :  it  passes  along  the  lower  portion  of  these  cells, 
beneath  the  lamina  reticularis.  The  outer  band  consists  in  reality  of  three 
parallel  subdivisions,  which  follow  the  three  rows  of  outer  hair  cells,  run- 
ning in  the  spaces  between  the  rows,  at  the  same  level  as  the  inner  band. 
The  innei-most  subdivision  runs  between  the  ix)w  of  outer  pillars  and  the 
-first  row  of  hair  cells ;  the  other  two  subdivisions  run  in  the  interspaces  of 
the  following  rows.     In  Man  (fig.  421)  I  have  thus  far  seen  but  three  sub- 


Fig.  421 


Fig.  421.  Oigan  of  Corti,  from  Man  (a  Woman,  twenty-eight  years  old).  Snrfaoe 
view  :  teased  preparation ;  spiral  bands  of  fibres.  ^^^.  a,  inner  hair-cells  ;  6,  small 
round  ceUs  of  the  salens  spiralis  intemus  ;  e^  head-pieces  of  Corti^s  pillars ;  d,  small 
punctate  formations  on  the  pillars  ;  «,  head-plate  of  an  onter  pillar,  shining  through 
the  head-plate  of  the  inner  pillar,  and  passing  continuously  into  the  first  phalanx  «i ; 
/,  lamina  reticularis  with  f onr  rows  of  hair-rings  and  four  rows  of  phalanges,  which 
pass  continnoasly  into  a  row  of  large  plates  (Deiters'  terminal  frames) ;  g,  membrana 
basilaris ;  »,  inner  band  of  spiral  fibres ;  k^  2,  m,  three  outer  bands  of  spiral  fibres, 
with  intervening  outer  hair  eells ;  A,  oonnective  tissue  with  spindle-oells  from  the 
tympanal  surface  of  the  membrana  basilaris. 

divisions  of  the  outer  band,  notwithstanding  the  fact  that  here  there  are 
more  rows  of  hair  cells,  and,  as  Lowenberg  states,  the  spiral  fibres  are  more 
easily  seen  than  in  other  animals.  Very  often  (see  fig.  421)  in  teased  prepa- 
rations we  obtain  fragments  of  the  bands  of  fibres  with  the  hair  cells  lying 
between  the  individual  bands,  and  firmly  adherent  to  them  ;  I  have  never 
succeeded,  however,  in  demonstrating  a  connection  between  the  fibres  and 
the  cells. 

The  fibrillfls  of  the  spiral  bands  belong  to  the  most  delicate  structures 
known  in  histology.  With  the  weaker  magnifying  powers  they  appear — as 
already  stated  by  Hensen  (27),  who  compares  them  with  the  molecular 
layer  of  the  retina — quite  like  a  finely  granular  mass,  or  like  a  finely 
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fibrillated  neuroglia.  With  very  powerfiil  lenses  they  display  extremdy 
delicate,  irregular  varicosities,  vhich,  however,  resemble  more  closely  the 
granular  swellings  already  mentioned  by  me  when  speaking  of  the  very  deh> 
cate  connective-tissue  fibrillse ;  from  the  delicate  drop-like  varicosities  of 
the  radial  primitive  nerve-fibrillsa  these  swellings  can  be  clearly  distin^ 
guished. 

Fig.  422. 


Fig.  422.  Longitadiaal  (spiral)  aection  of  the  oigan  of  Corti,  involving  the  regioo 
of  the  inner  hair  cells.  Vesperogo  noctola.  'f^.  a,  outiciila  (section  of  the  inner 
portion  of  the  lamina  reticularis)  with  a  few  prominent  tofte  of  hair ;  b,  inner  hair 
cells,  two  of  which  have  long,  somewhat  shnmken  proceesee;  c,  spiral  fibres;  (L, 
granular  layer;  «,  bundle  of  nerves  (oblique  section) ;  /,  a  few  nerve -fibres  paesiiig 
through  the  granular  layer ;  g,  a  nerve-fibre  which  subdivides  in  the  granular  layer 
into  several  fibrill»  ;  A,  a  longer  and  more  delicate  nerve-fibre,  which  passes  upwards 
between  the  hair-oeUs. 

To  this  difference  between  the  spiral  fibres  and  the  outer  radial  terminal 
nerve-fibres — as  shown  in  fresh  preparations  which  have  been  treated  with 
p6rosmic  acid — ^I  would  call  the  reader's  special  attention.  In  proof  of  the 
fact  that  I  actually  had  the  spiral  bands  of  fibres  of  Corti's  organ  before  me^ 
and  that  they  were  not  confounded  with  tympanal  fibres,  ample  evidence 
will  be  found  in  figs.  421  and  422. 

I  am  unable  to  state  positively  at  the  present  time  what  is  the  origin  of 
the  spiral  bands  of  fibres  of  the  organ  of  Oorti,  and  what  their  signification. 
All  t^e  information  that  we  can  obtain  is  to  be  looked  for  in  the  r^on  of 
the  inner  hair  cells,  where  the  nerves  emerge  and  where  the  above-mentioned 
granular  layer  is  situated.  Appearances  similar  to  those  given  in  fig.  420 
may  be  obtained  from  teased  preparations  of  this  by  far  the  most  important 
]>art  of  the  organ  of  CortL  Between  the  hair-cells  and  the  openings  of  the 
foramina  nervina  lies  a  stratum  of  small  round  cells,  with  relatively  large 
nuclei  and  a  protoplasm  so  extremely  delicate  that  we  can  rarely  see  it  in  a 
state  of  perfect  preservation.  From  these  cells — which  for  the  time  I  will 
designate  as  *^  granule  cells '' — are  given  off  in  different  directions  proceflsee 
which  very  closely  resemble  the  fibrills  of  the  spiral  bands,  and  even  (at  d) 
seem  to  bend  round  and  continue  their  course  with  them.*     In  longitudinal 

*  Unfortunately  the  drawing  of  fig.  420  has  not  been  sufficiently  soooesBfol  to 
give  a  correct  idea  of  the  delioacy  of  the  spiral  fibres  bete  under  ooosidexstioo,  and  of 
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sections  of  the  lamina  spiraJis  (fig.  422)  the  elements  of  the  region  of  the 
inner  hair  cells  follow  each  other  in  live  successive  layers :  nerve  fibres  (e)  ; 
granular  layer  {<£) ;  layer  of  spiral  fibres  (c)  ;  between  its  fibres,  the  proces- 
ses of  the  inner  hair  cells  (b)y  imprisoned  as  it  were  in  a  network  of  fibrils ; 
and  lastly  the  ciliated  cuticula  (a).  The  nerve-fibres  are  seen  entering  the 
granular  layer  as  large  (g)  and  smaU  {/)  bundles  of  axis  fibrillse ;  I  have 
also  seen,  as  at  g^  subdivisions  occurring  in  the  larger  bundles  of  fibrillse. 

Fig.  423. 


Fig.  423.  a^  b^  d^  e,  m  m  previous  figore ;  /,  nerve  fibres  paasing  throngh ;  /i,  a 
similar  fibre,  which,  however,  becomes  fused  with  a  hair  cell ;  k,  transversely  cat 
blood-vessel. 

A  few  of  the  narrow  nerve  fibrills  pass  upwards  between  the  hair  cells ; 
from  what  has  already  been  said  on  page  1040,  these  must  be  considered  as 
outer  radial  fibres,  which  simply  pass  between  the  inner  hair  cells  and  the 
pillars,  but  do  not  terminate  there.  I  have  not  been  able  to  decide  whether 
still  other  nerve  fibrils  are  continuous  with  the  processes  of  the  granule 
cells,  and  whether  through  them — or  directly,  as  Max  Schultze  (50)  and 
Deiters  (13)  hold — they  are  connected  with  spiral  fibres  (or  bend  round  into 
them) — which  would  compel  us  to  consider  these  last  as  primitive  nerve 
fibrilln  (Max  Schultze).*     I  shall  confine  myself  in  this  place,  so  far  as  I 

the  difference  between  them  and  the  varicose  nerye  fibrillaB  (also  imperfectly  drawn  in 
the  figure) ;  these  last  were  taken  from  another  preparation  and  introdnced  here  for 
the  purposes  of  oomparison  (k  and  I  in  the  figure). 

*  From  a  written  communication,  to  whidi  the  author  has  veiy  kindly  allowed  me 
to  make  reference  here,  it  appears  that  Max  Schnitzels  statements  concerning  the  di- 
rect bending  round  of  the  non-medollated  acusticos-fibres  into  spiral  bands  of  fibres 
were  based  chiefly  on  a  series  of  preparations  from  the  Human  cochlea.  Max  Schultze 
compares  this  layer  of  spiral  non-medullated  nerve-fibres  with  the  optic-fibre  layer 
of  the  retina,  into  which  the  mednllated  optic-fibres  bend  directly. 
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am  able,  to  the  simple  statement  of  &cts ;  flEurther  on  I  shall  return  to  the 
consideration  of  the  r^  of  the  spiral  system  of  fibres. 

Cochlea  of  Birds  and  Amphibia, 

The  cochlea  of  Birds,  compared  with  that  of  Mammals,  displays  a  simpler 
,  structure.  In  the  body  of  the  cochlea  we  find  stretched  out  between  two 
cartilaginous  rods  a  membrana  basilaris;  opposite  to  it  the  already  described 
tegmentum  vasculosum,  which  serves  as  a  cover  for  the  ductus  eochlearis. 
The  internal  lining  of  the  ductus  consists  of  epithelial  cells  of  different  size 
and  form,  of  hair  cells  and  granule  cells — these  last  two  forms,  however, 
occur  only  in  those  places  where  nerves  approach  the  wall  of  the  cochlea- 
and  of  a  membrana  tectoria. 

The  large  epithelial  cells  are  cylindrical  and  very  clear  and  transparent ; 
they  have  the  greatest  length  on  the  so-called  auditory  teeth — ^projections 
from  the  under  quadrangular  cartilaginous  rod;  Hasse  (20)  terms  them 
**  tooth-cells ; "  according  to  his  account,  they  probably  play  a  part  in  the 
formation  of  the  membrana  tectoria.  The  latter  is  spread  out  over  the  en- 
tire region  of  the  hair  cells,  but  is  at  no  point  attached  to  it ;  in  the  lagena 
it  possesses  a  purely  mucous  consistency  and  contains  numerous  otoliths. 
On  its  tympanal  surface  it  displays  a  regular  mosaic  of  the  impressions 
of  the  hair  cells,  whose  cilia  project  into  the  substance  of  the  membrane. 
The  hair  cells  themselves  occupy,  as  in  Mammals,  only  a  certain  zone  of 
the  body  of  the  cochlea ;  the  blind  extremity,  however,  of  the  lagena  is 
completely  filled  with  them. 

Fig.  424. 


Fig.  424.  lisolated  cells  from  the  cochlea  of  the  Dove.  ^.  (Fiesh,  in  a  0.5  p.  c 
solution  of  ordinary  salt).  A,  B,  C,  hair  cells;  A  and  B^  a  length-view ;  C,  an  end- 
view;  a,  tuft  of  hair;  5,  a  clear,  chalioe-shaped  space  ;  c,  nudeus  with  nadeolus;  rf, 
basilar  proceaSf  with  a  dark  thread  reaching  to  the  nucleua ;  D,  a  group  of  small, 
cell-like  bodies,  which  are  connected  with  a  tooUi-cell  (/)  by  means  of  stem-shaped 
proceaees  (g) ;  e,  hair  cell ;  J^,  tegmental  cell ;  m,  darkly  granular,  nucleated  cell- 
body  with  transparent  terminal  portion  (n). 

Each  hair  cell  is  surrounded  by  a  circle  of  cylindrical,  dear  epithelial 
cells-— Hasse's  tooth-cells;  it  possesses  a  cylindrical  form  (its  lower  part 
bulging  out  somewhat)  and  terminates  in  a  long  process.  Its  upper  end 
carries  a  large  tuft  of  delicate  stiff  hairs  of  considerable  length.     Deiteis 
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(14)  and  Hasse  (20)  describe,  as  did  Leydig  (36)  at  an  earlier  date,  only  a 
single  broad,  long  hair  on  the  end  surface  of  the  cells,  and,  disregarding  the 
fact  observed  by  them  that  sometimes  this  apparently  solid  hair  shows  signs 
of  breaking  up  into  individual  smaller  hairs,  they  still  hold  fast  to  this  de- 
cidedly wrong  interpretation  of  the  matter.  For  this  reason  they  name  the 
structures  we  are  speaking  of  "  rod  cells,"  a  name  which  I  believed  it  would 
be  better  to  exchange  for  that  of  "  hair  cells,"  if  for  no  other  reason,  at 
least  to  express  the  correspondence  of  these  cells  with  the  inner  hair  cells 
of  Mammals,  which  they  most  resemble.  In  a  surface  view  the  tuft  of 
hair  appears  as  if  it  rose  out  from  a  goblet-shaped  depression  in  the  cell, 
and  extended,  in  the  opposite  direction,  almost  down  to  the  nucleus.  The 
upper  free  end  of  the  cell  is  provided  furthermore  with  a  cuticular  rim.  I 
have  also  sometimes  seen  a  delicate  thread  running  from  the  nucleus  to  the 
basilar  process  of  the  cell.  Hasse  draws  something  similar  to  this  from  the 
Frog,  and  from  the  apparatus  of  the  semicircular  canals  in  Birds ;  there, 
however,  the  dark  line  runs  from  the  nucleus  of  the  cell  to  the  free  surface. 

Both  in  Birds  and  in  Frogs  Hasse  (18-24)  has  demonstrated  the  direct 
passage  of  the  undivided  non-medullated  nerve  fibres  into  the  basilar  pro- 
cesses of  the  hair  cells ;  this  was  the  first  trustworthy  observation  of  the 
termination  of  nerves  in  the  cochlea.  From  my  own  preparations,  which 
were  taken  from  the  Dove,  I  can  corroborate  his  statements ;  the  relations 
are  quite  the  same  here  as  in  the  inner  hair  cells  of  Mammals  (fig.  423). 
The  granule  cells  ai*e  also  present  in  Birds ;  they  form  a  narrow  layer  at  the 
base  of  the  hair  cells,  just  above  the  point  of  emergence  of  the  nerves, 
and  are  also  connected  with  delicate  processes.  Hasse  (21,  22)  considers 
them  as  stunted  epithelial  cell§. 

Among  the  lower  animals  my  experience  is  too  limited  to  justify  any 
statements  of  my  own.  According  to  Hasse  (23-25)  the  intemai  lining  of 
the  cochlea  and  the  termination  of  the  nerves  in  Frogs  are  the  same,  in  the 
main,  as  in  Birds ;  this  statement,  according  to  Leydig  and  Deiters,  would 
also  apply  to  Reptiles — except  as  regards  the  termination  of  the  nerves, 
which  was  not  observed.  I  will  repeat  the  remark  that  structures  resem- 
bling the  pillars  of  Corti — the  outer  hair  cells  and  the  lamina  reticularis — do 
not  occur  outside  of  the  Mammalian  class. 

Bemarks  an  the  Comparative  Anatomy  and  Physiology  of  the  Cochlea, 

The  anatomical  facts  prove  beyond  a  doubt  that  the  inner  hair  cells  consti- 
tute the  most  essential  part  of  the  cochleal  apparatus.  It  should  be  remarked 
here  that  the  hair  cells  of  Amphibians,  Keptiles,  and  Birds,  in  structure  and 
position,  resemble  more  closely  the  inner  hair  cells  of  Mammals,  in  which 
class  the  organ  of  Corti  and  the  outer  hair  cells  come  in  as  entirely  new 
elements,  which  reach  their  highest  development  in  Man.  In  Mammals 
undivided  axis-cylinders  serve  as  the  terminal  nerve  fibres  for  the  inner 
hair  cells,  in  precisely  the  same  manner  as  observed  by  Hasse  in  Birds  and 
Batrachians.  The  inner  hair  cells  are  never  double  cells,  nor  are  they 
attached  in  the  manner  that  is  peculiar  to  the  outer  hair  cells.  Whether 
or  not  in  Mammals  other  special  structures,  corresponding  to  Hasse^s  tooch- 
cells,  lie  between  the  inner  hair  cells — as  sometimes  appears  to  be  the  case 
in  longitudinal  sections  of  the  lamina  spiralis — I  am  at  present  unable  to 
determine.  The  arch  of  Corti  should  unquestionably  be  considered  as  an 
apparatus  that  is  destined  chiefly  for  the  support  of  the  hair  cells. 

The  membrana  tectoria  and  the  mass  of  otoliths  require  further  considera- 
tion.    Hasse  (20-24)  has  placed  both  of  these  structures  in  one  category 
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and  interpreted  them  as  vibrating  apparatuses,  whose  vibrations  (oommnni- 
cated  to  them  from  without)  are  transmitted  directly  to  the  ends  of  ike 
nerves  through  the  medium  of  the  cilia  of  the  hair  cells;  he  believed, 
therefore,  that  of  the  strucfcures  in  the  internal  ear  these  were  the  ones 
whose  particular  function  it  was  to  excite  the  sensation  of  hearing — ^a  view 
which,  as  is  well  known,  had  already  for  a  long  time  been  accepted  for  the 
otoliths.  I  myself  would  ascribe  to  these  structures  a  function  no  less  im- 
portant, but  directly  the  opposite  of  that  held  by  Hasse :  I  would  consider 
them  as  apparatuses  for  damping  the  sound.  Helmholtz  (Tonempfinduugen, 
etc.)  has  shown  that,  in  connection  with  the  apparatuses  of  the  internal 
ear,  a  very  perfect  mechanism  for  damping  must  necessarily  exist,  and  I  be- 
lieve that  no  portion  of  the  labyrinth  could  be  better  adapted,  by  reason  of 
its  anatomical  construction  and  position,  to  pei-form  this  function  than  the 
membrana  tectoria  and  the  otoliths.  The  latter  are  usually  aggregations  of 
small  crystals,  suspended  without  any  regular  order  in  a  mucous  mass, 
which  in  turn  lies  upon  the  auditory  nairs.  Even  the  large,  simple  otoliths 
of  Fishes  and  other  animak  are  in  reality  agglomerations  of  countless  small 
crystals.  The  reader  will  surely  agree  with  me  that  such  an  i^paratus, 
which  reminds  one  of  a  sand-bag,  can  scarcely  be  capable  of  performing 
regular  vibrations,  but  that  it  is  much  better  adapted  to  damp  the  vibra- 
tions of  other  bodies  with  which  it  comes  in  contact.  In  favor  of  this  view 
I  would  mention  the  observation  made  by  Hensen  *  that  the  Decapods 
make  use  to  a  certain  extent  of  whatever  particles  of  quartz  or  crystals  of 
uric  acid  may  be  thrown  in  their  way,  to  replace  the  otoliths  which  they  lose 
at  every  change  of  skin. — ^The  mucous  consistency  of  the  membrana  tectoria, 
of  which  mention  has  already  been  made,  and  its  perfectly  free  position, 
stretching  as  it  does  like  a  veil  of  jelly  over  that  portion  of  the  auditoiy 
end-apparatus  which  carries  the  hair  cells,  adapt  it  far  better,  I  think,  to 
serve  as  a  damping  apparatus  than  in  the  manner  ascribed  to  it  by  Haase. 

Cartfi  Organ  and  the  BeHna, 

It  Ib  not  foreign  to  onr  subject  if  at  this  point  we  inquire  into  the  morphological 
relation  between  those  two  apparatuses  of  sense  whose  duty  is  to  tiansfer  regular  ri- 
brations  to  the  nerve  termini.  A  oomparison  seems  the  more  called  for  since 
the  writings  of  Strieker.  Schenk,  Torok  and  others  have  shown  that  there  is  no 
essential  genetioal  difference  between  labyrinth  vesicle  and  primary  optic  vesicle, 
since  at  least  in  the  Batrachia  both  originate  from  the  same  gferminal  layer,  the 
sensorial  layer.  It  is  tme  that  our  inadequate  acquaintance  with  the  development 
prevents  us  from  instituting  a  detailed  oomparison,  yet  associating  what  is  already 
known  with  the  matured  organs  famishes  us  with  a  parallel  which  I  should  like  to 
draw  here,  even  if  more  or  less  imperfect.  That  sclera  and  bony  cochlea  correspond 
to  one  another,  none  will  deny :  1  refer  to  the  bony  formations  in  the  sclera  of 
Birds,  and  the  cartilage  in  the  sclera  of  Batrachia,  eta  The  connective  tissue  wall 
of  the  ductas  oodilearis  is  the  homologue  of  the  choroid,  and  the  scalse  (oomp. 
page  1017)  aeem  like  very  strongly  developed  perichoroidal  spaoes.  The  lamina 
fuses,  too,  of  the  solera  is  not  wanting,  for  the  periosteum  of  the  cochlear  wall  as 
well  as  the  more  central  delicate  portion  of  the  outer  cushion  of  connective  tissue 
(figs.  408  and  400)  bear  the  same  large-branched  pigment  bodies  as  the  sclera  does. 
The  corpus  ciliiure  is  eridently  represented  by  the  stria  vascularis,  which  in  fact  in 
Birds  exhibits,  as  tegmentum  vaBoulosum,  the  very  same  formations  as  we  have  al- 
ready seen  in  the  processus  ciliares. 

To  carry  the  comparison  further  we  must  remember  the  fact  that  in  the  eye  a  de- 
pression of  the  optic  vesicle  takes  place,  so  that  it  takes  the  shape  of  a  beaker,  whose 
pedestal  represents  in  a  certain  degree  the  opticus,  and  whose  walls,  as  the  immediate 
result  of  the  bowing  in,  must  be  double  (KoUiker  (62)  pag.  SJ70).  The  two  lamellae  of 
the  secondary  optic  vesicle  thus  formed,  whose  shape  resembles  a  beaker  with  the 

*  ZeUsohriftfar  wiu,  ZooL^  Bd.  13, 1863,  p.  319  et  seq. 
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cavi^  lookmg  forwards,  paas  oontinnouslj  into  each  other  along  the  edge  of  the  beak- 
er ;  Uie  outer  lamella  is  oontinned  into  the  optic  nerve ;  the  inner  constitates  alone 
the  floor  of  the  beaker  and  develope  into  the  retina  ;  the  outer  forms  the  tapetum 
nigrum.  Such  a  complete  depression  does  not  take  place  in  the  ductus  oochlearis. 
If,  in  the  case  of  the  primazy  optic  vesiole,  we  imagine  the  process  of  depression  to 
have  been  arrested  soon  after  its  commencement,  &e  optic  vesicle  will  then  appear 
like  a  bladder  flattened  on  the  side  where  the  depression  started,  and  in  cross-section 
it  will  look  somewhat  like  the  sections  of  the  ductus  oochlearis  represented  at  ^  and 
e\  of  fig.  407.  The  flattened  side  in  the  process  of  being  depressed  (the  tympanic  in 
the  figure)  would  be  that  veiy  one  which  developed  itself  into  the  retina ;  the  inter- 
mediate space  between  the  layer  of  rods  and  the  pigment  epithelium,  which  disap- 
pears subsequently  by  the  depression  being  carried  to  its  utmost  limits,  remains  unaf- 
fected *  we  should  have  here  a  wall  of  the  primitive  optic  vesicle  (here  the  tympanic, 
fig.  407  e%)  whose  cells  became  developed  in  the  intermediate  space  into  the  special 
elements  of  the  retina ;  while  all  the  rest  of  t^e  inner  surface  of  the  vesicle  was  in- 
Tested  with  the  short  columnar  pigment  epithelium  of  the  tapetum  nigrum,  which, 
however,  passes  continuously  on  all  sides  into  the  cells  of  the  retinal  pillow,  the  optic 
terminal  apparatus.  Such  are  the  actual  relations  in  the  ductus  oochlearis.  Its  in- 
termediate space  corresponds  with  the  intermediate  space  of  the  primitive  optic  veside ; 
in  place  of  the  depression  at  one  point,  the  innermost  layer  of  its  wall  (that  is,  the  one 
originating  from  the  sensorial  layer,  and  corresponding  to  the  primitive  optic  vesicle) 
is  developed  to  a  nerve  pad,  the  acoustic  termixial  apparatus  (Corti'sozgan),  which  in- 
stead of  having  the  form  of  a  disk  has  that  of  a  zone-shaped  plate,  and  whose  inner- 
most cell  layer  (hair-cells)  forms  a  gradual  transition  into  the  other  epithelial  forma- 
tions of  the  duct. 

In  histological  details  also  there  is  a  similarity  between  the  retina  and  Corti^s  oxgan. 
The  epitiielium  has  in  the  latter,  as  in  the  cells  of  the  tapetum  nigrum,  granular 
pigment ;  the  only  difference  being  that  in  the  ductus  oochlearis  it  .has  a  lighter  color. 
In  Han  these  pigment  granules  also,  as  previously  mentioned,  lie  in  the  lamina  reti- 
cularis. 

For  further  details  I  must  refer  to  the  section  shown  in  fig.  422.  I  find  the  layer 
of  rods  and  cones,  as  also  the  outer  layer  of  granules,  represented  in  Cortrs  organ  by 
the  hair-ceUs ;  the  outer  Moments  of  the  rc^  correspond  to  the  hairs ;  the  proto- 
plasmic body  of  the  hair-ceUs  is  the  homologue  of  the  soft  inner  segments,  the  rod 
or  cone  granules.  In  the  retina,  as  we  observe,  a  finer  subdivision  has  taken  place. 
Thus  tiie  rods  might  be  regarded  as  the  morphological  equivalents  of  the  outer  hair- 
ceUs,  the  cones  of  the  inner ;  at  least  the  relations  of  the  nerves  point  to  that  direction, 
since  tolerably  thick  bundles  of  axis  fibrilkB  pass  to  the  inner  hair-oells  exactly  as  to 
the  cones,  while  on  the  other  hand  the  outer  hair-cells,  like  the  retinal  rods,  contain 
only  fine  solitaxy  fibrillsB.  It  may  well  be  surmised  that  physiological  differences  exist 
between  the  inner  and  outer  hair-ceUs,  as  Max  Schultse  has  shown  us  in  the  rods  and 
cones.  The  stout  cuticnlar  formation  of  the  lamina  reticularis  would  be  without  its 
homologue  in  the  retina  if  we  were  not  to  compare  the  limitans  externa  with  it,  and 
yet  at  the  same  time  serious  objections  might  be  raised  against  such  a  comparison. 

The  spiral  fibre  bands  of  Corti*s  organ  (fig.  422)  can  certainly  be  compared  with 
the  intermediate  layer  of  granules,  and  the  acoustic  layer  of  grannies  {d)  finds  its 
counterpart  in  the  inner  granular  layer  of  the  retina;  at  any  rate,  the  entire  micro- 
scopic relations  of  the  two  strata  agree  in  the  principal  points.  The  layer  of  ganglionio 
celhi,  shown  in  the  gangUon  spirale,  are  at  a  great  distance  in  the  ductus  oochlearis; 
consequently  there  is  no  strict  homology  with  the  molecular  layer  of  the  retina ;  in 
,  place  of  this,  however,  may  be  taken  the  fine  retiform  connective  tissue  which  sur- 
rounds and  accompanies  the  fibres  of  the  acoustic  nerve  from  the  ganglion  to  the  en* 
trance  of  the  foramina  nervina.  In  making  a  thorough  comparison  there  is  one  thing 
further  to  be  taken  into  account,  viz. :  that  the  elements  of  the  retina  are  for  the 
most  part  disposed  in  layers  which  are  at  right  angles  to  one  another,  while  those  of 
Gorti*s  organ,  at  least  so  far  as  the  group  of  outer  hair-ceUs  is  conoemed,  are  arranged 
in  layers  parallel  to  one  another,  similar  to  what  is  observed  in  the  retina  at  the  ma- 
cula Intea. 

A  formation  corresponding  to  the  lens  and  the  vitreous  humor  must  not  be  looked 
for  in  the  ductus  oochlearis.  I  am  well  aware  how  incomplete  the  comparison 
must  still  remain  for  the  present ;  still  I  have  been  desirous  of  making  this  sketch,  be- 
cause we  may  expect  to  understand  the  labyrinth  more  thoroughly  if  our  studies  are 
prosecuted  in  this  direction,  though  morphological  and  physiologiaal  identity  are  often 
very  far  apart 
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We  shall  limit  oniselves  strictly  to  the  main  points  at  issue,  in  allnding  to  the  state- 
ments of  other  authois  whose  views  differ  from  those  advanced  here.  It  is  impossi- 
ble in  this  present  work  to  enter  minutely  into  the  details  of  each  cochlear  stmctnie, 
which  is  interpreted  about  as  variously  as  in  the  retina. 

First  of  all  we  shall  observe  that  Deiters  (13),  Lowenbeig  (37-39),  and  Henle  (26) 
maintain  that  the  msmbrana  tectoria  is  attached  to  the  outer  wall  of  the  ductus  ooch- 
learis  in  the  vicinity  of  the  ligamentum  spiraJe  acoessorium.  Gottstein  and  I  have 
never  seen  this  attachment  in  the  large  number  of  our  sections  through  the  coch- 
lea, most  of  which  were  successful,  nor  have  we  seen  it  in  other  sections  prepared  by 
injection  with  gelatine,  nor  have  Eolliker  (30),  Middendorp  (40),  and  Rosenberg  (49) 
had  any  better  success.  Further,  the  plates  of  Lowenberg  and  Henle,  too,  do  not  corre- 
spond. Accordingly  Lowenberg^s  fourth  oochlear  canal  (canal  que  j^ai  decouverfe, 
Lowenberg),  Henle^s  upper  chamber,  must  be  given  up.  Deiters  (13)  and  Henle  (36) 
furnish  the  most  detailed  description  of  the  crista  spiralis.  The  former  regards  the 
small  epithelial  cells  found  there  as  connective  tissue.  Hensen  (27),  with  whom 
Kolllker  (30)  and  Middendorp  (40)  are  inclined  to  agree,  believes  the  basis  substance 
of  the  crista,  which  I  hold  for  osteoid  substance,  to  be  an  epithelial  secretion.  Henle 
was  the  first  to  prove  the  connection  between  the  warts  of  the  crista  and  the  teeth ;  he 
also  demonstrated  thickenings,  tubercular  in  form,  on  the  tympanic  surface  of  the 
membrana  basilaris.  From  the  two  forms  of  the  lomuTia  retieula-ris  which  Henle 
describes  I  can  only  recog^ze  the  second  as  the  normal  one ;  the  former  is  an  arti- 
ficial product  of  the  latter.     This  lamina  is  best  seen  in  fresh  preparations. 

Henle  (26)  has  also  described  two  different  forms  of  inner  pUlars,  as  to  the  truth  of 
which  I  must  range  myself  with  Middendorp  (40 1,  and  doubt  it.  This  latter  author 
as  well  as  Deiters  (13)  believes  them  to  be  hollow ;  actual  cross-sections,  which 
I  have  often  enough  seen  both  in  my  own  and  in  Gottstein's  preparations,  show 
them  to  be  quite  solid  formations  resembling  close  bundles  of  fibre&  In  opposition 
to  the  lately  revived  statement  of  Eolliker  (30),  that  the  outer  pillars  have  varicosi- 
ties, I  can  only  assert  that  I  have  never  been  able  to  see  them,  under  any  drcum- 
stances ;  this  matter,  however,  is  of  no  importance  at  pr^lent. 

Lowenberg  (39)  describes  processes  at  tiie  lower  end  of  the  inner  Tiair-ceUs  whicb 
branch  and  unite  with  the  processes  of  the  granule-cells,  a  condition  of  things  which 
I  have  never  yet  seen. 

The  most  minute  description  of  the  outer  TuUr-cdU  is  furnished  by  Deiters  (13). 
All  later  observers  of  the  cochlea  in  Mammals  are  for  the  present  obscured  by  the 
brilliancy  of  this  excellent  investigator.  Oottstein's  explanation  of  the  outer  hair-eetUy 
which  is  accepted  in  the  present  article,  deviates  in  the  following  respect  from  Uiat 
of  Deiters.  The  latter  claims  for  the  outer  slope  of  Corti*s  organ  two  entirely  separate 
forms  of  cells  which  are  only  united  with  one  another  by  their  processes.  The  one 
bearing  hairs  (rod-cells,  Deiters)  passes  directly  into  the  basilar  process  (connecting 
pedicle,  Deiters),  and  is  firmly  attached  to  the  rings  of  the  lamina  reticularis.  Be- 
tween the  rod-cells  quite  independent  spindle-shai^  oells  appeared  [hair-cells,  Dei- 
ters, Deiters^  cells,  KoUiker  (30)] ,  whose  upper  process  passes  over  into  a  phalanx, 
the  under  one  into  the  attachment-pedicle  of  a  rod-cell.  I  am  unable  to  distinguish, 
as  G-ottstein  does,  the  spindle-shaped  cells  of  Deiters  as  entirely  separate  formations 
from  the  hair-cells  ;  at  any  rate  the  semi-diagrammatic  plates  in  the  manuals  of  Kol- 
liker  and  Frey  (figs.  512  and  571)  are  in  no  way  suited  to  furnish  a  true  representa- 
tion of  the  real  relations  of  the  parts.  I  have  always  found  that  every  two  conical  cells 
were  united  into  a  double  body.  The  so-called  Deiters'  cells  of  the  authors  can  be 
compared  morphologioally  with  Hasse's  tooth-cells  of  Birds  (compare  loa  cit.  (24),  tab. 
27,  fig.  S) ,  yet  are  here  consolidated  in  a  curious  way  with  the  hair-cells. 

The  greatest  differences  still  prevail  in  the  statements  about  the  relations  of  coch- 
lear nerves  ;  there  is  hardly  a  possible  kind  of  nerve  termination  that  has  not  been 
found  by  some  author.  Disregarding  terminal  loops  (R.  Wagner,  Harlees  (17) ),  and 
the  passage  of  all  or  at  least  some  nerve  bundles  upon  the  tympanic  surface  of  the 
membrana  basilaris  (Corti  (10),  Bottcher  (2)  Max  Schultze  (50),  Deiters  (13)  ),  which 
views  can  certainly  be  no  longer  maintained  by  their  originators,  all  observers  admit, 
since  the  discoveries  of  K'illiker  (33),  and  Max  Schultze  (50),  that  the  nerve  fibres 
enter  the  ductus  cochlearis  through  holes  in  the  membrana  basilaris,  and  there 
either  extend  onward  exclusively  in  a  radial  direction  (Rosenberg  (49),  B'ittcher  (4), 
Middendorp  (40) ),  or  in  a  radial  and  spiral  manner  (Max  Schultze  (50),  KoUiker  (30), 
Deiters  (13),  Hensen  (27),  Lowenberg  (39) ).     All  observers,  too,  are  united  as  to  the 


Digitized  by 


Google 


00NTE0VEE8IAL  POINTS.  1051 

existence  of  the  radial  nerve  fibres.  Still  we  find  bat  few  positiye  statements  as 
to  their  termination  attested  by  fig^ores,  and  such  only  can  be  noticed  here,  for  it  is 
impossible  to  allude  to  all  the  suppositions  which  have  been  expressed  without  the 
support  of  some  proof.  We  shall  mention  those  of  Bottcher,  Rosenberg,  Midden- 
dorp,  and  latest  those  of  von  Winiwarter  (57).  These,  apart  from  the  interesting 
discovery  of  Hasse  in  the  cochlea  of  the  Bird  and  Frog  {vide  page  1047),  are  the  only 
X>OBitive  expressions  in  regard  to  the  radial  nerve  termini  in  the  cochlea.  Bottcher  re- 
peats his  views,  laid  down  repeatedly  in  T859,  that  the  nerves,  after  their  passage 
through  the  habenula  perforata,  paea  over  in  part  into  the  cells  lying  on  the  inner 
row  of  rods,  in  part,  too,  imder  the  arch,  imd  here  run  transversely  through  to 
Cortrs  rows  of  oella  As  to  whether  any  precise  mode  of  termination  is  claimed 
here  is  unfortunately  not  to  be  deduced  from  the  verbally  quoted  references,  which 
were  the  only  ones  at  my  disposal ;  to  obtain  further  details  we  shall  have  to  wait 
for  the  complete  work  promised  by  Bottcher. 

E.  Rosenberg  mentions  only  the  termination  at  the  outer  hair-cells,  but  his  state- 
ments are  on  the  whole  correct,  and  he  is  oertamly  the  first  who  has  given  a  drawing 
of  this  condition.  It  is  true  that  he  forgets  at  the  same  time  to  say  that  this  figure  is 
in  good  part  diagrammatic ;  I  can  at  least  not  repress  some  doubts  of  the  existence  of 
one  of  his  preparations  which  corresponded  to  fig.  3,  Plate  II.  Whoever  is 
moderately  acquainted  with  the  hair-cells,  the  cells  in  the  sulcus  spiralis  intemus,  and 
Corti's  arches,  will  assent  to  this  without  further  comment. 

Middendorp,  on  the  other  hand,  is  only  acquainted  witii  the  inner  radial  fibres, 
which  he  believes  unite  with  the  cells  of  the  acoustic  granule-layer  and  then  termi- 
nate freely  between  the  inner  hair-ceUs.  Yon  Winiwarter,  as  well  as  Rosenberg  and 
Oottetein  *  observed  the  termination  of  the  outer  radial  fibres  in  the  outer  hair- 
oells ;  in  regard  to  the  relation  of  nerves  to  the  inner  hair-cells  no  views  are  advanced 
in  his  present  work. 

Max  Schultze  (50)  is  the  discoverer  of  the  spiral  fibre-bands  in  the  cochlea ;  the 
existence  of  these  structures  has  been  confirmed  lately  by  Deiters  (13),  Eolliker  (30), 
Hensen  (27),  and  Lowenberg  (39) ;  the  latter  has  fiumished  the  most  complete  de- 
scription of  them.  The  above-mentioned  authors  agree  with  Max  Schultze  (jiide  page 
1045 )  as  to  their  nervous  character.  Besides  the  discoverer  no  one,  however,  advances 
positive  views  in  regard  to  the  mode  of  termination  of  these  fibres  in  the  cochlea. 
According  to  the  views  represented  in  the  present  work  the  spiral  nerve-fibres  become 
connected  with  protoplasmic  remains  at  the  feet  of  the  inner  pillars,  and  also  with 
ceUs  which  lie  at  the  apex  of  the  arches,  probably  also  with  the  external  hair-cells. 

In  addition  to  the  bands  whose  existence  I  have  confirmed,  Deiters  (13),  Lowenberg 
(39),  and  Eolliker  (30),  describe  spiral  fibres  on  the  inner  side  of  Corti's  arch.  Ac- 
cording to  Max  SchultdBe  (50)  there  are  also  spiral  fibres  within  the  arch  itself. 

It  is  unquestionable  that  these  spiral  bundles  of  fibres  are  still  the  most  obscure 
part  in  the  anatomy  of  the  cochlea.  My  opinion  is  that  they  should  be  considered  as 
connected  with  that  small  layer  of  coarsely  granular  delicate  cells  in  the  sulcus  spi- 
ralis intemus  which  I  have  compared  with  the  inner  granule-layer  of  the  retina,  and 
for  which  I  recommend  the  name  of  acoustic  granule  layer  (vide  fig.  422).  For  this 
layer,  as  also  for  the  spiral  fibres,  the  same  different  interpretations  are  admissible, 
which  I  at  this  time  insist  on  for  the  inner  granule-layer  of  the  retina,  or  the  nan- 
nle-layer  of  the  cerebellar  cortex.  (Comp.  my  work  in  the  ZeUschrift  fur  rat.  Medi- 
dn,  1863,  Band  XX.)  So  have  also,  in  fact,  Max  Schultze  (50),  Deiters  (13)  in  part, 
and  Middendorp  (40)  connected  them  with  the  nerve  fibrillas  as  small  bipolar  gan- 
glionic cells;  while  Deiters  (13),  on  the  other  hand,  denied  any  nervous  character  for 
most  of  them,  and  Rosenberg  (49)  and  Hasse  (21)  for  all  formations.  Rosenberg^s  (49) 
statement  is  worthy  of  note,  viz.,  that  their  number  is  greater  in  young  animals— a 
fact  which  Gktttstein  was  able  to  confirm  in  young  Dogs.  Hasse  (20)  made  the  same 
observation  in  Birds ;  the  latter  (24),  page  409,  denies  all  relations  of  the  formations 
lying  between  the  haar-ceUs  and  below  them  to  nerve  fibres. 

In  stating  my  views  in  regard  to  the  ceUs  and  fibres  which'  are  the  subject  of  dis- 
pute I  will  say  that  the  observations  which  I  have  made  with  positiveness  in  regard 
to  the  nerve-endings  make  it  probable  that  neither  the  granule-cells  nor  the  spiral 
fibres  have  a  nervous  character ;  otherwise  we  should  be  obliged  to  claim  a  double  nerve 
ending.  The  difference  between  the  well-established  radial  nerve  fibres  and  the 
spiral  fibre-bands  (see  page  1 041 )  opposes  this  supposition.  Accordingly  all  that  remains 
for  us  is  to  conclude  that  these  fibres  and  cells  are  to  be  regarded  as  a  delicate 
neuroglia,  and  to  compare  it  with  the  non-nervous  elements  of  the  inner  granule-layer 

*  CentrammfuT  die  medUm.  WUsemehaftm^  Ko.  40, 1870. 
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and  iDfcermediate  grannie-layer  of  the  letina.     Still  this  point  can  only  be  determined 
by  farther  careful  examinationA  based  on  embryological  researches. 

The  older  literature  of  the  cochlea  is  recapitulated  pretty  tiioroughly  by  Hildebrandt- 
Weber  (Anfl.  4,  Bd.  iv.  page  7) ;  in  addition  one  may  compai^  the  writings  of  Deiten 
(13).  The  histology  of  the  cochlea,  excluding  certain  discoveries  of  Hi^chke^s  (28), 
dates  from  the  investigations  of  Gorti  (10)  (pUlars,  outer  hair-cells,  ganglion  spirale, 
stria  vascularis,  Gorti's  membrane,  etc.).  Beissner  (46)  furnished  very  valuable  contri- 
butions, which  first  made  it  possible  to  gain  an  accurate  morphological  conception  c^ 
the  cochlea  (Membrona  Reissneri  ductus  cochlearis) ;  Hensen  (37)  gave  us  the  canalis 
reuniens,  blind  commencement  and  end  of  the  ductus  cochlearis,  collection  of  cells  in 
sulcus  spiralis  int.,  and  many  single  points,  and  Kolliker  contributed  embryological 
investigations,  development  of  Gorti^s  organ  from  epithelial  cells,  lamina  vascu^iis, 
which  he  discovered  contemporaneously  with  Max  Schultze  (50),  secondary  formatioii 
of  the  scalaB,  passage  of  nerves  through  the  foramina  of  the  habenula  perforata.  Further, 
we  have  received  important  contributions  from  Max  Schultze  (spinal  fibres,  layer  of 
granule-cells,  basilar  processes  of  the  outer  hair-cells,  continuation  of  the  fibres  of  the 
auditory  nerve  as  non-medullated  primitive  fibriUas  quite  into  the  organ  of  Corti,  etc) 
and  from  Deiters  [(13-15)  inner  hair-cells,  first  accurate  description  of  the  outer  hair- 
cells,  and  of  the  lamina  reticularis,  as  also  a  number  of  details  on  almost  all  parts  of 
the  cochlea,  the  accuracy  of  which  every  good  preparation  testifies  to] .  Deiters*  descrip- 
tion has  been  decidedly  the  standard  of  all  later  researches  on  the  cochlea.  Other 
valuable  details  are  due  to  Reichert  (blind  sac  of  the  vestibule,  excellent  morphologica] 
description  of  the  cochlea,  and  especially  of  the  ductus  cochlearis)  and  to  Bottcher  [U-4) 
inequality  in  number  between  the  inner  and  outer  pillars,  which  he  also  described  vezy 
minutely ;  their  arcade-like  course ;  both  simultaneously  published  by  him  and  Glan- 
dius] .  The  granule  cells  in  the  sulcus  spiralis,  also  the  inner  hair-cells,  Bottcher  appears 
to  have  been  the  first  to  see,  though  he  gives  no  very  exact  definition  of  them.  Clau- 
dius furnished  the  first  histological  facts  in  regard  to  the  cochlea  of  Birds.  For  tJie 
more  recent  contributions  of  Henle  (36),  Middendorp  (40),  Lowenberg  (39),  Kolliker 
(30),  and  Rosenberg  I  must  ask  the  reader  to  consult  the  list 

Apart  from  what  Leydig  (86)  furnished  at  different  timee,  containing,  it  is  said^ 
the  first  notice  in  regard  to  the  appearance  of  hair-oells,  the  oomparaidve  histology  of 
the  cochlea  rests  principally,  and  thus  far  almost  entirely,  on  the  thorough  works  of 
Deiters  (14-15)  and  Hasse  (18-35),  which  also  essentially  enlarge  the  older  descrip- 
tions of  Windischmann  and  others.  Here,  also,  mention  must  be  made  of  the  com- 
parative anatomical  researches  of  Hyrtl  (39)  and  Claudius  (7-9),  which  offer  much 
that  is  interesting. 

For  the  embryological  history  of  the  cochlea  I  allude  to  the  works  classified  be- 
tween Nos.  58  and  65  of  the  bibliographical  list,  to  which  must  be  added  the  articles 
by  Huschke  (38),  Reissner  (46-47),  Kolliker  (34),  Hensen  (37),  Hasse  (30),  Bottcher 
(4),  RoBenbei]Br  (49),  and  Middendorp  (40). 

Some  portion  is  found  in  the  text ;  a  connected  statement  of  the  cochlear  devel- 
opment would  scarcely  be  possible  at  the  present  time. 

/ 
Methods  Employed  in  the  Iitvebtigation. 

I  do  not  think  it  neoessary  to  recommend  that  the  oochlea  be  examined  in  tiie 
fresh  state,  and  in  aqueous  humor.  Quite  as  good  views,  and  indeed  more  serviceable, 
on  account  of  the  somewhat  sharper  contours,  are  furnished  by  perosmio-acid  prepa- 
rations, and  I  should  maintain  that  they  were  just  as  important  for  the  cochlea  as  for 
the  retina.  A  strength  of  from  i^i  to  1  per  cent,  may  be  employed.  The  former  is  to 
be  preferred  for  preparations  that  are  to  be  teased  apart ;  the  latter  for  hardened  prepa- 
rations. A  i  to  i  per  cent,  solution  of  common  salt  is  also  veiy  serviceable  for  fredi 
preparations  that  are  to  be  torn  apart  The  pillars  are  most  easily  isolated  in 
a  5-per-cent.  solution*  of  chromic  acid ;  a  solution  of  chloride  of  gold  is  recom- 
mended by  Cohnheim  for  the  cornea,  and  a  1  per-cent.  solution  of  nitrate  of  silver 
as  well.  The  latter  is  advantageously  employed  for  the  spiral  fibres.  For  obtaining 
good  sections  I  should  recommend  the  adoption  of  the  following  plan  :  Take  a  larg« 
cochlea ;  remove  as  much  of  the  bony  substance  as  possible  by  means  of  very  pow- 
erful cutting  pliers,  then  open  the  coohleal  house  in  three  or  four  places ;  little 
oochlesB,  however,  should  remain  intact.  They  should  then  remain  twenty-fooz 
hours  in  a  pretty  large  quantify  of  chloride  of  palladium,  0.001  per  cent.,  or  in 
a  perosmic-acid  solution  from  0.3  (for  smaller  cochleeB)  to  0.5-1  per  cent,  (for  laiger 
ones).  Then  the  preparation  should  be  treated  twenty-four  hours  with  absolute 
alcohol,  should  be  brought  immediately  into  the  fluid  that  deprives  It  of  its  earthy 
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salts.  The  best  fluid  for  thiB  purpose  is  chloride  of  palladium  (0.001  per  cent.) 
with  iV  Pi^  muriatic  or  chromic  acid  (i  to  1  per  cent.).  After  this  process  is  com- 
pleted ^e  cochleiB  should  be  washed  in  absolute  alcohol,  and  enclosed  in  a 
fresh  piece  of  marrow  or  liver.  In  large  oochlesB  it  Ib  easy  to  cut  out  a  suitable 
piece  from  the  latter.  Then  the  preparations,  together  with  the  enclosing  substance, 
should  be  replaced  in  absolute  alcohoL  In  hardening,  the  latter  contracts  so  firmly 
about  the  cochlea  that  it  lies  immovable  in  it,  and  can  conveniently  be  divided  into 
the  smallest  pieces.  The  hollow  passages  of  the  cochlea  can  be  filled  with  gelatine  and 
glycerine  (equal  parts),  or  a  mixture  of  oil  and  wax,  before  they  are  enclosed.  ( Vid^ 
page  1  of  tlus  Manual,  ^*  Strieker's  General  Method,**  and  Elebs,  in  the  Archiv  ftir 
Mikroscop.  Anatomic,  voL  v.  1869,  page  164).  I  prefer  the  gela^e  and  glycerine 
mixture  unquestionably;  and  I  reganl  filling  the  cavities  according  to  the  plan 
given  above  as  superfluous,  and  only  possibly  of  advantage  in  maintaining  the  position 
of  Gerties  membrane.  My  best  preparations,  from  which  the  drawings  have  been  taken, 
were  not  from  coohleaa  ^ed  in  tlus  way.     It  is  important  to  use  a  sharp  knife. 
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CHAPTER  XXXVIII. 

DEVELOPMENT   OF  THE   SIMPLE   TISSUES. 

By  S.  STRICKER. 

The  status  nascens  of  a  Mammal  begins  with  the  fructification  of  the 
maternal  gei^m.  The  fructified  germ  is  a  single-celled  organism,  which 
afterwards  by  subdivision  becomes  many-celled.  When  the  subdivision  or 
segmentation  has  gone  on  to  a  certain  limit,  the  young  cells  arrange  them- 
selves in  strata  or  layers ;  from  the  different  layers  different  tissues  are 
developed,  and  by  the  combination  of  certain  tissues  the  different  organs  are 
produced.  Simultaneously  with  the  arrangement  into  layers  begins  the 
differentiation  of  the  tissues ;  hence  it  will  be  understood  why  the  doctrine 
of  embryonic  layers  is  so  peculiarly  an  object  of  attraction  to  histologists. 

By  the  terra  "embryonic  layers"  embryologists  understand  also  the 
membranes  with  which  the  embryo  later  becomes  enveloped.  These  mem- 
branes, however,  are  not  in  any  way  intimately  related  to  the  histiogenesis ; 
they  are  only  transitory  organs,  which,  like  all  the  other  organs,  are  deve- 
loped from  the  primary  layers.  The  doctrine  of  embiyonic  membranes  is 
therefore  a  part  of  the  history  of  development  of  organs ;  and  the  former 
cannot  be  treated  of  without  at  least  giving  an  outline-sketch  of  the  latter. 

After  this  preliminary  explanation  there  will  be  no  need  of  a  further  in- 
troduction. The  embryonic  layers  of  cells  will  occupy  our  attention  only 
in  so  far  as  they  may  be  found  to  assist  us  in  understanding  the  histio- 
genesis. 

.Mention  has  already  been  made  of  the  unimpregnated  germ  (on  page  517 
and  fol.).  To  that  thorough  treatise  I  have  only  one  or  two  remarks  to  add 
in  relation  to  the  nomenclature.  I  shall  always  avoid  the  expressions 
** plastic  yolk"  (Reichert),*  and  ** principal  yolk"  (His).  Both  expres- 
sions, as  will  be  shown  later,  are  based  upon  erroneous  views.  Further- 
more, the  advantage  of  brevity  cannot  be  asciibed  to  them,  so  that  no  valid 
reason  exists  why  they  should  be  used  in  prefei*ence  to  the  expression 
^*  germ,"  adopted  by  Kemak.  For  the  same  reason  it  will  also  be  better  to 
call  the  membrane  (Yon  Baer^s  Zona  pellucida)  surrounding  the  germ 
germ-membrane,  instead  of  vitelline  membrane.  It  will  only  be  in  those 
cases  where  the  germ  has  with  it  under  the  same  membrane  a  yolk  (food- 
yolk  (Reichert),  subordinate  yolk  (His) — as  in  the  eggs  of  Birds,  Scaly 
Amphibia  and  Osseous  Fishes) — that  I  shall  make  use  of  the  terms  vitelline 
membrane  or  vitelline  envelope  to  designate  this  membrane. 

According  to  universal  acceptation  the  fructified  germ  is  at  first  non-nuclea- 
ted.f     One  can  best  convince  himself  of  this  fact  in  the  Batrachia,  by  se- 

*  The  term  ^*  Bildungsdotter/^  in  the  article  referred  to,  ia  translated  rather  loose- 
ly by  germ-ydUc^  instead  of  the  more  exact  expression,  pkutio  ycik. — Trai78Lator's 
Note. 

f  Johannes  MUlier  (Monatsbericbte  der  Berliner  Akademie,  1851,  September)  is 
the  only  authority  who  has  made  definite  statements  concerning  the  conaervation  (in 
Entoconcha  mirabilis)  of  the  germinal  vesicle  and  its  gradual  transformation  into  the 
nndei  of  the  segmentation  cells. 
67 
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curing  a  pair  claAped  together  during  spawning,  and  then  examining  separate- 
ly the  eggs  already  born  and  those  that  are  still -^d thin  the  body  of  the  mother. 
It  is  necessary  to  select  fresh  eggs,  which  should  be  teased  apart  with 
needles ;  the  contents  thus  set  free  should  be  submitted  to  an  examination 
with  very  low  powers  of  the  microscope,  or  they  should  be  hardened  and 
sections  made  from  them.  In  this  way  it  will  he  ascertained  that  each  one 
of  the  eggs  taken  from  the  mother  possesses  a  vesicle-like  nucleus  (germinal 
vesicle),  whose  investing  membrane  can,  in  a  fresh  state,  be  torn  apart  with 
needles  under  a  magnifying  lens  ;  whereas,  in  the  youngest  {ructi£ed  ^ga, 
no  nucleus  can  be  demonstrated.  This  condition  of  things  is  interesting,  as 
it  teaches  us  that  a  Mammal  begins  life  as  a  small  non-nucleated  mass.  If 
we  harden  these  non-nucleated  Batrachian  germs,  we  can  sometimes,  in  sec- 
tions, make  out  a  small  cavity,  corresponding  in  size  to  the  former  nucleus. 
This,  according  to  Kemak^s  terminology,  is  Yon  Baer's  nucleus-cavity.  By 
this  designation  is  implied  that,  after  the  disappearance  of  the  nucleus,  the 
cavity  in  which  it  lay  still  persists. 

The  doctrine  is,  that  if  the  fructified  germ  be  placed  under  favorable 
conditions,  there  will  foi*thwith  be  produced  within  its  body  a  new  nucleus. 
As  to  this  nucleus  I  can  state  nothing  from  actual  experience,  and  it  would 
hardly  be  profitable  to  enumerate  the  different  views  pertaining  to  the  sub- 
ject. At  this  stage  the  eggs  are  generally  non-transparent,  so  that  in  a 
fresh  condition  the  nucleus  cannot  be  seen.  If  therefore,  notwithstanding 
this,  the  formation  of  a  nucleus  is  spoken  of  witli  such  positiveness,  we 
must  attribute  it  to  the  fact  that,  in  the  later  products  of  the  subdivision 
of  the  germ,  nuclei  may  be  distinctly  made  out,  which  appear  to  be  homo- 
geneous and  offer  a  certcdn  resemblance  to  oil  globules.  Taking  into  con- 
sideration the  circumstance  that  the  old  nucleus  vanishes  from  our  view,  it 
is  highly  probable  that  we  have  to  deal  here  with  a  real  new  formation. 

Before  undergoing  the  process  of  subdivision  the  germ  passes  through  a 
series  of  individual  changes  in  form. 

Mention  has  already  been  made  on  page  523  of  the  amoeboid  motions  in 
the  germ  of  the  Trout.  If  we  observe  attten  lively  the  freshly -laid  eggs  of 
Bufo  cinereus  we  shall  observe  that  they  possess  several  facets,  and  only  as- 
sume the  spherical  form  later  and  in  a  gradual  manner.  Changes  in  form 
have  been  supposed  to  take  place  in  the  Bird's  egg,  previous  to  segmenta- 
tion, merely  from  a  comparison  of  the  sections  obtained  from  hardened 
specimens  of  germs  at  different  stages  of  development.  In  this  connection 
we  should  also  mention  the  observation,  first  made  by  Bischoff  in  the 
Babbit's  egg,  that  the  yolk  (germ)  before  subdividing  receded  fix>m  the 
Zona  pellucida. 

It  remains  doubtful  whether  the  observation — ^reported  by  the  same  authority— 
relating  to  rotations  of  the  undivided  germ  within  the  vitelline  membrane  should 
also  be  mentioned  in  this  connectioa.  Biaohoff  made  the  observation  only  in  one 
animal,  and  since  that  time  nothing  has  been  added  to  oar  knowledge  conoeming  ro- 
tations *  in  the  nnsegmented  egg. 

SegTnentation  and  the  formation  of  Lay  en. 

A,  J^atrachia,  The  segmentation  of  the  Batrachian  eggs  was  discovered 
in  the  year  1824,  by  Prevost  and  Dumas,f  but  it  was  only  in  1826  that  its 
full  si^iificance  was  recognized  by  Mauro  Busconi.  I 

*  EfUwiekdung9geHch(ehte  des  Kanincheiu,  1842.     On  pages  68  and  69  of  this  woik 
the  litefatore  is  given  relating  to  the  rotationB  of  the  yolk, 
f  AnncUes  des  JSoiencea,  S6r.  1,  Tom.  II. 
t  DevdosP^meat  de  la  grmwv^^  o. 
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For  the  stndy  of  this  process  there  conld  not  indeed  be  found  a  more 
fisiTorable  subject  than  the  Batrachian  eggs.  With  the  approach  of  the 
first  days  of  spring  these  eggs  may  be  obtained  in  large  quantities,  and  if 
the  different  species  are  desired  they  may  be  repeatedly  found  at  intervals 
varying  from  a  few  days  to  several  weeks. 

It  must  be  borne  in  mind,  too,  that  the  segmentation  takes  place  before 
our  eyes  without  any  interference  whatever  on  our  part.  It  is  only  neces> 
sary  to  place  a  string  of  spawn  (Bufo)  or  a  cluster  of  them  (Rana)  under 
water  in  a  shallow  dish  in  order  to  be  able  to  follow  out  readily  the  entire 
process  with  the  aid  of  a  magnifying-glass.  With  this  mode  of  obsei'vation 
the  germ-membrane  remains  (by  reflected  light)  invisible,  thereby  conveying 
the  impression  that  the  germs  are  about  to  become  furrowed  on  their 
surface. 

If,  however,  we  place  a  group  of  eggs  in  a  small  glass  dish  and  examine 
them  by  aid  of  transmitted  light,  with  somewhat  stronger  magnifying 
powers  (40-50  linear),  we  shall  soon  convince  ourselves  that  the  transparent 
membrane  takes  no  part  in  the  segmentation. 

The  formation  of  the  first  furrows  in  the  Batrachian  germ  can  be  repre- 
sented best  by  drawing  a  cord  around  a  spherical  ball  of  modellers'  clay  in 
the  following  manner : — First  pass  a  cord  over  a  meridian  of  the  sphere, 
and  then  a  second  cord  over  a  great  circle  at  right  angles  to  the  first.  In 
the  next  place  tighten  both  cords  at  the  upper  pole  in  such  a  manner  that 
the  upper  third  only  of  the  sphere  will  be  cut  through  by  them.  Finally, 
pass  a  third  cord  around  the  sphere  parallel  to  the  equator,  at  about  the 
boundary  between  the  upper  and  second  third  of  the  aads  of  the  sphere,  and 
then  tighten  this  cord  so  as  to  cut  the  sphere  through  and  through.  By 
this  procedure  there  will  be  cut  off  four  segments  of  a  sphere,  surroimding 
the  upper  pole,  whereas  the  larger  lower  portion  of  the  sphere  remains  un- 
divided except  on  its  surface,  where  the  two  meridian  cords  indicate  the 
subsequent  subdivisions. 

The  formation  of  these  three  furrows  takes  place  gradually.  In  a  tem- 
perature of  18-20®  C.  the  process  would  occupy  three  or  four  hours  from 
the  act  of  birth. 

Before  the  definitive  establishment  of  a  furrow  the  surface  becomes  alter- 
nately wrinkled  and  smooth,  repeating  the  change  several  times.  From  the 
main  furrow,  moreover,  proceed  numerous  small  side  furrows,  which  are 
only  transient  in  character.  Eeichert  described  these  side  furrows  as  the 
circle  of  folds,  and  Max  Schultze  *  has  shown  that  they  are  the  expression 
of  motion  in  the  germ. 

A  cavity  is  formed  at  the  point  of  intersection  of  the  three  first  furrows 
(which  is  situated  in  the  upper  half  of  the  egg,  if  it  be  floating  in  water).  I 
am  unable  to  say  from  actual  experience  whether  this  cavity  coincides  or 
not  with  the  nucleus-cavity.  It  increases  in  size  by  the  retraction  and  round- 
ing off  of  the  confronting  angles  of  the  segments. 

The  next  step  in  the  process  of  segmentation  is  restricted  chiefly  to  these 
four  upper  segments.  They  subdivide  into  smaller  and  smaller  pieces,  and 
at  the  same  time  the  hollow  place  grows  larger,  until  finally  there  is  pro- 
duced a  spacious  cavity  (i^^,  &g,  425)  in  the  upper  third  of  the  egg.  With  a 
view  to  the  subsequent  steps  of  the  process,  we  can  perhaps  best  obtain  a 
clear  idea  of  this  cavity  by  imagining  to  ourselves  a  spherical  apple,  whose 
upper  third  is  so  hollowed  out  that  nothing  but  the  skin  remains.     While, 

*  De  ovorom  ranar.  segment.    1868. 
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Fig.  435. 


therefore,  the  larger  lower  portion  of  the  apple  is  solid,  its  upper  portion  is 
simply  a  cavity  covered  only  by  the  thin  skin. 

We  designate  the  cavity  in  the  Frog's  egg  by  the  term  *'  Baer's  cavity 
of  segmentation ;  ^  the  thm  dome  or  shell  which  covers  it,  and  which  is 
composed  of  small  elements  of  segmentation,  or  embryonic  cells,  we  call  the 
"  cover  "  (D)j  and  the  solid  lower  half  the  "  bottom  "  of  the  cavity  of  seg- 
mentation. 

During  the  growth  of  this  cavity  the  process  of  segmentation  is  also  going 
on  steadily  in  the  lower  solid  portion,  but  here  again  it  manifests  itsefi 
more  on  the  surface  than  in  the  interior.  In  this  way  it  happens  that  very, 
soon  the  entire  egg  becomes  enveloped  in  a  mantle  of  small  segmentation-' 
sections  or  embryonic  cells.  The  condition  of  things  now  corresponds  more 
fully  to  the  apple  partially  hollowed  out. 

The  skin  of  the  apple  represents  the  mantle  of  small  cells,  while  the  flesh 
in  the  lower  solid  portion  answers  to  that  remnant  of  the  germ  which  sub- 
divides only  very  slowly,  and  still  consists,  at  the  time  when  the  mantle  has 
already  completed  its  subdivision,  of  very  large  segmentation-sections.  But 
the  picture  is  rendered  complete  only  after  we  have  cut  out  from  the  skin, 
at  the  lower  pole  of  the  spherical  apple,  a  cii*cular  piece,  exposing  the  flesh 
to  view  in  this  spot.  The  progressive  dindnution  in  size  (subdivision)  of 
the  superficial  cells  does  not  extend  as  £9ir  as  to  the  lower  pole.     The  small 

spot  (JP)  which  is  left  here  is  at  first  irregular 
then  afterwards  circular  in  its  outlines,  and 
is  composed  of  large  polygonal  areas;  the 
centre  of  the  spot  coincides  with  the  lower 
pole. 

While  in  all  Batrachian  eggs,  at  this  stage, 
the  external  surface  of  the  mantle  is  dark 
brown  in  color,  this  spot  remains  of  a  whitish 
hue — provided  the  lower  half  of  the  egg  was 
of  this  color  originally  (Bufo  fiiseus) — or  be- 
comes white,  where  the  lower  half  of  the  egg 
was  brown  (Bana  temporaria,  Bnfo  ciner. 
and  viridis)  when  freshly  laid. 

The  large  white  cells,  which  form  the  bot- 
tom of  the  cavity  of  segmentation,  and  which 
at  the  lower  pole  are  exposed  to  view  (Z,* 
fig.  425),  were  termed  by  Beichert  the 
*^  central  vitelline  mass.''  Bemak  held  with 
Busconi  that  in  the  Batrachian  eggs  there  . 
was  no  element  analogous  to  the  vitellus, 
and  therefore  substituted  the  word  '^gland- 
germ  "  for  that  term.  But  this  term,  too,  I 
am  unwilling  to  accept,  because  the  grounds 
which  led  Bemak  to  adopt  it  have  been  shown 
to  be  untenable.  These  cells  are  not  the  only 
elements  that  contribute  to  the  formation  of 
glands;  they  have  not  even  become  lami 
nated  elements  of  segmentation,  from  which  the  different  tissues  are  devel 
oped.  For  this  reason  I  shall  call  them  germ-cells,  thereby  intending  to 
convey  the  idea  that  their  lustogenetical  character  is  not  yet  determined. 


Fig.  425  roproBonts  a  meri- 
dional section  of  an  egg  (from 
Bufo  cinereus)  whose  degree  of 
deyelopment  does  not  quite  cor- 
respond with  that  described  on 
this  page.  F^  cavity  of  fl^:men- 
tation;  J),  its  cover;  P,  white 
spot  at  the  lower  pole ;  Z,  germ- 
cells  at  the  bottom  of  the  cavity 
of  segmentation'  z,  germ-oeUs 
which  extend  np  from  the  bot- 
tom of  the  cavity  on  to  the 
cover ;  JV^,  section  of  Bnsooni^s 
furrow;  R,  dorsal  half;  B,  ven- 
tral half. 


*  The  small  2  in  the  midst  of  the  germ-cells  is  evidently  intended  for  a  ciqiital  Z, 
— Tbakslatob's  Note. 
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The  germ-cells,  at  the  spot  where  they  are  exposed  to  view,  are  at  finst 
aharply  separated  by  a  semilunar  fissure  (N)  from  the  external  mantle, 
which  is  composed  of  smaller  cells,  -and  is  of  a  brownish  color  on  the 
outside.  This  fissure  is  called,  in  honor  of  its  discoverer,  the  Rusconian  * 
fiirrow.  Later  this  furrow  becomes  circular  in  shape,  and  the  large 
germ  cells,  surrounded  now  by  a  circular  limit,  have  been  designated 
by  Ecker  f  as  the  **  vitelline  plug."  That  half  of  the  egg  in  which  the 
semilunar  furrow  originates  I  have  designated^  as  the  dorsal  half,  be- 
cause from  it  is  developed  the  back  of  the  embryo ;  the  long  axis  of  the 
back  coincides  with  a  line  drawn  from  the  middle  of  the  furrow  to  the 
upper  pole.  The  opposite  half  I  have  termed  the  ventral  half.  It  was 
known  already  to  Yon  Baer  that  at  a  later  stage  the  ovules  perform  in  the 
water  a  revolution  of  90°,  thereby  converting  the  meridian  into  an  equator. 
By  this  revolution  the  dorsal  half,  which  was  situated  laterally,  is  made  to 
lie  on  top.  This  revolution  is  brought  about  by  the  formation  of  a  second 
cavity,  which  is  stretched  out  within  the  dorsal  half.  By  the  formation  of 
this  cavity,  furthermore,  the  centre  of  gravity  of  the  ovule  becomes  displaced, 
and  the  revolution  follows  as  a  necessary  consequence  of  this  displacement. 
This  second  cavity  {JVy  fig.  427)  was  known  to  E,usconi.§  Golubew,  |  by 
historical  research,  has  discovered  several  errors  in  the  nomenclature  of  the 
two  cavities ;  he  has  also  settled  the  fact  that  Yon  Baer's  cavity  should  be 
called  the  elliptical,  and  RusConrs  the  semilunar. 

Remak  ^  has  adopted  the  view  that  the  Rusconian  cavity  originates  from 
the  furrow  of  the  same  name  by  an  extension  of  the  latter  into  the  substance 
of  the  ovule,  in  the  form  of  a  diverticle.  Theoretical  considerations  have 
led  him  to  this  belief.  He  assumed  that  the  Bird's  germ  was  composed  of 
three  layera  or  lamin»  of  cells.  The  top  or  outermost  lamina  he  called  the 
**  homy  layer,"  or  "  sensorial  layer ; "  the  second,  "  middle  layer,"  or  "  moto- 
rial  layer,"  also  ^'  motorial  and  germinative  layer ; "  and  finally  the  third, 
**  intestinal  and  glandular  layer."  The  fact  that  the  Bird's  germ  is  arranged 
in  layers  and  bends  inwards  underneath  has  been  known  since  the  investiga- 
tions of  C.  F.  Wolf.  Now  Remak  thought  that  the  analogy  between  the 
Birds'  germ  and  that  of  the  Batrachia  was  rendered  plausible  on  the  follow- 
ing grounds. 

In  the  cover  of  the  cavity  of  segmentation  he  sought  for  the  analogues  of 
the  sensorial  and  motorial  layers,  while  the  analogue  of  the  glandular  layer 
in  Birds  appeared  to  him  to  be  the  little  white  field  at  the  lower  pole  of  the 
Batrachian  egg.  The  Frog's  germ,  he  said,  is  not  laminated  in  its  structure, 
and  consequently  cannot  bend  in  underneath  as  in  the  Bird's  germ.  Never- 
theless the  under  surface  of  the  spherical  Batrachian  germ  sinks  in  imtil 
it  comes  in  contact  with  the  motorial  layer,  which,  as  already  mentioned, 
he  imagined  to  himself  as  terminating  at  the  inner  surface  of  the  mantle- 
like layer.  I  have  shown,**  however,  that  the  Rusconian  furrow  originates 
by  a  separation,  and  not  by  a  sinking  in,  of  the  elementary  forms.  I  noticed, 
in  sections,  that  from  this  furrow  a  delicate  trace  of  separation  ran  upwaids 
along  the  dorsal  half,  in  a  direction  not  quite  parallel  to  the  surface  of  the 
mantle.  I  therefore  believed  myself  justified  in  considering  this  trace  of 
separation  as  the  commencement  of  the  Rusconian  cavity,  and  in  assuming 
that  it  originated  not  by  a  sinking  in  but  by  a  separation  of*the  elementary 
forms. 

*  DSvdoppementy  etc.  f  leon^  phygMog. 

1  Zdtschrift  f.w.  Zodogis.    Bd.  XI.  S  MttUer's  Are^,  1886. 

I  Bollett,  Uhterwchungefk    Leipdg,  1870.      IT  I'Oo.  clt.  **  Loa  cit. 
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As  regardfl  the  question  of  sinking  in  or  separation  of  the  elementary 
forms,  Golubew — the  only  author  who,  since  the  time  of  my  writrng,  has 
expressed  a  decided  opinion  on  the  subject — adopts  my  yiew  of  the  case. 
Golubew,  *  however,  8|)eaks  of  my  description  of  the  first  steps  in  the  devel- 
opment of  the  Kusconian  cavity  as  being  not  exactly  in  accordance  with  the 
&ct8.  I  cannot  entei*,  especially  in  this  place,  into  a  discussion  of  this  ques- 
tion ;  for,  in  justice  to  my  subject,  I  can  only  dwell  upon  the  anatomical 
details  in  so  far  as  they  ai*e  necessary  to  a  clear  understanding  of  the  layers. 
As  far,  however,  as  the  relations  of  the  fissure  to  the  embryonic  layers  are 
concerned,  no  difference  of  opinion  exists. 

Bemak  has  noticed  that  from  the  bottom  of  the  cavity  c^  segmentation, 
at  the  point  where  it  passes  into  the  cover  of  the  cavity,  a  group  of  white 
germ-cells  extend  up  quite  a  distance  over  the  inside  of  the  cover  {z,  fig.  425). 
I  have  shown,  f  furthermore,  tljat  these  outlying  cells  are  of  fundamental 
importance  in  the  formation  of  the  laminae. 

I  have  shown  that  the  cover  of  the  cavity  of  segmentation  (2>,  fig.  425) 
serves  only  as  a  foundation  for  the  ^nsorial  layer  |  (Hemak),  and  that 
from  the  cells  which  are  deposited  on  the  inner  side  of  the  cover  are 
developed  the  analogues  of  what  Remak  has  called  the  middle  and  glandular 
layers. 

After  I  had  learned  that  these  germ-cells  at  first  extend  up  on  the  dorsal 
half  only  to  an  inconsiderable  height,  but  afterwards  push  their  way  &rther 
and  farther  until  they  even  pass  beyond  the  upper  pole  and  approach  the 
germ-cells  of  the  ventral  half,  which  in  like  manner  are  pushing  their  way 
upwards  along  the  inner  side  of  the  cover ;  after  I  had  leamed.§  further- 
more, that  on  the  glass  slide  the  cells  of  the  Batrachian  germ  possess  the 
independent  power  of  changing  their  form  and  locality,  I  expressed  the  view 
that  the  germ-cells,  mentioned  above,  work  their  way  upwards  spontaneous- 
ly, in  direct  opposition  to  the  law  of  gravity.  This  view,  too,  GJolubew  | 
has  not  been  able  to  share ;  he  believed  that  the  growth  of  these  cells  in  an 
upward  direction  was  due  to  processes  of  subdivision. 

I  cannot  in  this  place  enter  into  a  discussion  concerning  our  confiicting 
views.  The  question  as  to  whether  the  cells  shift  their  location  by  wander- 
ing or  by  mutual  pressure  during  the  activity  of  the  process  of  subdivision 
is  in  itself  a  matter  of  intei*est,  but  in  its  bearings  upon  the  doctrine  of  the 
layers  it  has  a  subordinate  significance.  The  only  point  of  importance  here 
is  the  circumstance  that  the  cells  actually  do  become  displaced  in  order  to 
assist  in  the  formation  of  the  embryonic  layers — a  matter  which  may  now 
again  be  considered  as  settled. 

It  has  already  been  stated  on  a  previous  page  that  the  fissure,  which  com- 
mences at  the  Busconian  furrow,  pursues  iia  course  upwards  along  the  dor- 
sal half. 

When  the  semilunar  fissure,  in  the  progress  of  its  growtii  upwards, 
reaches  the  limit  of  the  cavity  of  segmentation,  it  encounters  the  afore- 
mentioned white  germ-cells,  which  extend  up  from  the  bottom  of  the  cavity 
of  segmentation  over  the  dorsal  half  of  the  cover.  It  is  into  this  outlying 
mass  of  cells  now  that  the  fissure  penetrates. 


•  Log.  cit.    Taf.  D,  fig.  2. 
+  Loc.  dt. 

i  The  same  interpretation  was  afterwards  given  by  Ootte.    (See  Max  Schnltse'i 
Arehiv,  Bd.  4.) 

*'  Ueber  die  selbstandigen  Bewegongen,  eta,'*  Wiener  SitBunggbaicht,  1863, 
Loc.  dt. 
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Fig.  42«. 


Bj  making  a  number  of  horizontal  sections  through  the  egg,  commenc- 
ing at  the  lower  pole,  it  will  be  seen  that  the  fissure  in  the  dorsal  half  is 
nearly  semilimar  in  shape ;  it  is  bounded  oh  the  outside  by  the  mantle-like 
layer  consisting  of  small  cells,  on  the  inside  by  the  white  germ-cells  {z).  In 
this  lower  portion,  however,  the  mantle  is  much  thicker  than  above,  where 
it  forms  the  cover  of  the  cavity  of  segmentation.  In  other  words,  the  sub- 
division of  the  large  gei-m-cells  into  smaller  cells  has  progressed  in  this  re- 
gion toward  the  axis  of  the  egg.  All  that  lies  on  the  outside  of  this  fissure 
is  no  longer  the  analogue  of  the  sensorial  layer  (Remak),  but  contains  the 
rudiments  for  all  germ-layers.  From  the  fissure  there  is  developed  later  a 
|K>rtion  of  the  visceral  cavity,  and  what  now  lies  to  the  outside  of  the  fis- 
8Ui*e  will  subsequently  constitute  the  entire  thickness  of  the  back.  In  suf- 
ficiently thin  sections,  made  from  preparations  that  have  been  hardened  in 
chromic  acid,  it  is  possible  to  distinguish  in  this  part  of  the  back  two  very 
distinct  layers  of  unequal  width.  The  external  thinner  layer  consists  of 
small  cells  and  is  the  analogue  of  the  senso- 
rial layer  (Remak) ;  the  internal  thicker 
layer  consists  of  larger  cells,  which,  however, 
are  considerably  smaller  than  the  large  germ- 
cells  in  the  centre  of  the  bottom  of  the  cavity 
of  segmentation.  This  inner  thicker  layer 
splits  up  later  into  two  layers,  the  innermost 
of  which  is  composed  of  single  cells  (intesti- 
nal and  glandular  layer,  Remak),  while  the 
other  represents  the  middle  or  motorial  and 
germinative  layer,  which  is  here  pretty 
strongly  developed. 

The  deposit  of  cells  («),  which  in  section 
appears  sickle-shaped,  increases  steadily  in  an 
upward  direction  towards  the  pole ;  at  the 
same  time  the  (in  a  horizontal  section)  semi- 
lunar fissure  keeps  pace  with  it  in  its  up- 
ward progress.  Owing  to  the  fact  that  the 
fissure  penetrates  between  these  newly  de- 
posited cells,  a  portion  of  them  on  the  outer 
side  of  the  fissure  remains  attached  to  the 
cover  of  the  cavity  of  segmentation  as  a  per- 
manent deposit,  while  the  other  portion  (Z>), 
which  is  at  the  same  time  the  thinner  of  the 
two,  remains  as  a  septum  between  the  fissure 
and  the  cavity  of  Von  Baer. 

If  meridional  sections  be  made  through  eggs  which  have  reached  the 
stage  of  development  we  are  now  discussing,  in  such  a  manner  as  to 
divide  the  dorsum  into  two  halves  (fig.  427),  it  will  then  be  seen  that 
those  cells  which  extended  from  the  bottom  of  the  cavity  of  segmen- 
tation up  on  to  its  cover  and  remained  adherent  to  this  cover  after  the 
formation  of  the  semilunar  fissure,  lead  in  a  downward  direction  to  those 
cells  which  were  previously  described  as  belonging  to  the  thicker  inner 
layer  of  the  lower  portion  of  the  dorsum.  In  other  words,  that  por- 
tion which  subsequently  became  adherent  to  the  cover  of  the  cavity  of  seg- 
mentation is  the  foundation  for  the  motorial  and  intestinal  and  glandular 
layers. 

I  have  already  stated  that  the  original  cover  of  the  cavity  of  segmenta- 
tion represented  only  the  analogue  of  Remakes  sensorial  layer.     Thu  layer 


Fig.  426.  A  vertical  section 
passing  through  a  great  circle  of 
the  egg  of  Bufo  cinereus.  For 
the  sake  of  clearness  the  cavity, 
which  extends  from  JV  to  beyond 
Zy  has  been  drawn  throughout 
its  whole  length  as  a  broad  fis- 
sure, while  in  reality  this  is  only 
true  of  its  upper  half.  D,  cover ; 
Zy  bottom  of  the  cavity  of  seg- 
mentation, ^j'  Py  small  white 
area  beneath. 
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Pig.  427. 


now  is  composed  in  the  Batrachia,  as  Yan  Bambeke  *  and  I  f  have  both 
shown,  of  two  thicknesses :  the  one  superficial,  consisting  of  a  single  layer 
of  brown  cells ;  the  other  deeper  in,  consisting  in  some  places  of  a  single,  in 
others  of  a  multiple  layer  of  whitish  cells.  The  outer  brown  cells  consti- 
tute the  foundation  from  which  the  homy  coverings  of  the   animal  are 

developed,  while  the  inner  whitish  cells  serve 
to  form  the  sensorial  layer  proper. 

In  Birds  and  Mammals  both  of  these 
thicknesses  are  so  intimately  united  together 
that  even  in  the  very  best  transverse  sections 
a  differentiation  \s  impossible.  For  this 
reason  Remak  has  looked  upon  them  both  as 
a  unit,  and  has  termed  the  entire  layer 
**  sensorial  layer "  (central  portion)  or 
"  homy  layer  "  (peripheral  portion).  In 
80  doing,  however,  he  has  given  expiiession 
to  the  theoretical  doubts  which  must  arise 
against  the  supposition  that  the  homy  and 
nervous  elements  both  originate  from  the 
same  layer.  All  the  more  interesting  there- 
fore is  the  circumstance  that  in  the  Batra- 
cilia,  and  also — as  I  shall  show  further  on — 
in  Fishes,  homy  and  nervous  elements  are 
foimd  distinctly  separate,  even  in  the  first 
stages  of  development.  Bearing  these  rela- 
tions in  mind,  I  shall  designate  the  external 
bi  own  layer  of  cells  as  the  horny  layer,  and 
the  deeper  whitish  layer  of  cells  as  tiie  nerve 
layer.  In  the  case  of  Birds  and  Mammals, 
however,  and,  in  fact,  wherever  else  further 
investigations  may  be  needed  on  this  point, 
I  shall  designate  the  external  germ-layer 
(Remak)  as  the  united  homy  and  nerve- 
layer, 

I£  we  recapitulate  briefly  the  results  of 
our  description,  it  will  be  remembered  that 
the  homy  and  nerve  layers  originate  in  an 
external  mantie-like  zone  of  the  spherical 
egg,  while  the  motorial  and  glandular  layers 
originate  in  the  large  germ-cells  which  are 
collected  together  as  a  reserve  stock  in  the 
lower  lialf  of  the  egg.  The  germ-cells  carry 
out  this  metamorphosis  in  part  directly,  in  the  spot  where  they  lie  (lower 
half  of  the  egg),  in  part,  however,  after  first  being  displaced,  either  actively 
or  passively.  The  direction  of  this  displacement  is  from  what  was  origi- 
nally the  lower  pole  to  the  upper  pole,  or — which  means  the  same — from 
the  tail  to  the  head  of  the  future  larva. 

As  soon  as  the  Rusconian  furrow  becomes  a  complete  circle,  there  is  also 
developed  firom  its  abdominal  half  a  fissure  which  grows  in  the  direction  of 
the  upper  pole.     This  fissure,  however,  scarcely  attains  one-fourth  of  the 


Fig.  427.  This  Ulostration, 
whidb  has  already  once  been 
pnblished,  was  drawn  by  me  in 
I860,  from  a  remarkably  success- 
ful preparation.  I  am  unable 
now  to  say  to  what  extent  I  was 
at  that  time  diagrammatic  in 
filling  in  the  finer  details  of  the 
drawing.  In  the  main  features, 
however,  I  drew  it  as  truthfully 
as  posfdble.  I  therefore  do  not 
hesitate  to  make  use  of  this 
drawing  again,  even  though 
since  that  time  the  same  rela- 
tions have  been  illustrated  in  a 
beautiful  manner  by  Qotte  Van 
Bambeke  and  Gk)lubew.  My 
drawing,  it  appears  to  me,  ren- 
ders the  subject  much  easier  to 
tmderstand;  and,  after  all«  this 
is  the  main  thing.  2),  F^  P, 
Z,  2,  the  same  as  in  fig.  426.  a, 
dorsum  of  the  embryo  ;  *,  boun- 
dary between  the  food-cavity 
{N)  and  the  cavity  of  segr^^enta- 
tioxL 


*  **Becherche8  sur  le   d^veloppement  du  Pelobates  hnm^^  (Ifemoire  puiUe  par 
Vaead.  Bdgique,    Tome  84). 
t  Loo.  oit. 
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height  of  the  collection  of  germ-cells,  and,  at  the  blind  end  of  the  egg,  it 
broadens  out  somewhat.  (These  dimensions  will  of  course  vary  considerar 
bly  in  the  different  species.)  Remak  has  named  this  fissure  the  ''anal 
cavity." 

The  first  fissure,  which  is  situated  in  the  dorsal  half,  and  is  semilunar  in 
shape  when  seen  in  transverse  section,  is  completed  by  the  anal  cavity.  If 
we  now  carry  a  horizontal  section  through  the  egg  near  the  level  of  the 
lower  pole,  there  will  be  displayed  to  view  a  fissure  with  circular  outlines. 
Close  to  the  lower  pole  this  circle  becomes  somewhat  narrower,  and  finally 
terminates  at  the  exposed  Kusconian  furrow.  Here  then  we  have  a  funnel- 
shaped  space,  commencing  at  this  furrow  and  giving  lodgment  to  the  plug, 
which  is  composed  of  white  germ-cells  (Ecker's  vitelline  plug).  By  the  grad- 
ual narrowing  of  the  canal,  in  which  the  outermost  portion  of  the  plug  lies, 
the  white  field  becomes  so  small  as  to  be  recognizable  merely  as  a  whitish 
point.  Even  this,  at  a  later  date,  disappears,  and  there  is  then  left  a  canal 
which  can  be  recognized  only  in  sections  and  by  the  aid  of  a  powerful  mag- 
nifying-glass,  and  which  has  been  termed  unanimously  by  all  authors  the 
anal  opening.  Owing  either  to  the  retrocession  of  the  greatly  diminished 
plug  of  white  germ-cells,  or  to  its  becoming  broken  off— an  undoubted  oc- 
currence in  Bufo  cinereus — ^the  Kusconian  cavity  thenceforth  communicates 
with  the  anal  cavity  throughout  its  entire  breadth.  A  small  ring-shaped 
pad,  visible  with  the  naked  eye  on  the  outer  wall 
of  this  cavity,  still  marks  the  place  where  formerly  ^-  ^^* 

the  vitelline  plug  obstructed  the  cavity,  and  the 
depression  in  the  pad  affords  a  good  landmark  to 
guide  us  in  making  the  section — where  our  ob- 
ject is  to  hit  the  mouth  of  the  canal. 

In  the  mean  time  the  egg  has  performed  its 
partial  revolution,  the  meridian  hi^  become  the 
equator,  the  anal  opening  lies  at  one  side,  the 
dorsal  half  is  above,  and  the  ventral  half,  together 
with  its  mass  of  germ-cells,  protruding  very  mark- 
edly into  the  food-cavity,  is  below.  A  trace  of 
Von  Baer's  cavity  of  segmentation  usually  re- 
mains for  a  long  time  in  this  mass  of  cells. 

From  this  time  on  the  egg  can  be  considered  as 
a  vesicle  surrounded  by  walls  or  laminas  of  sev- 
eral thicknesses,  and  modified  by  the  circum- 
stance that  in  the  lower  half  of  the  vesicle  the 
innermost  layer  is  lifted  up  by  the  subjacent 
mountain  of  germ-cells.  As  a  rule,  however, 
the  different  layers  are  not  in  all  places  of  the 
same  thickness.  But  at  this  point  I  must  break 
off  with  the  description,  for  the  variations  just 
alluded  to  constitute  the  beginning  already  of 
the  foundation  of  the  organs,  which  cannot  be 
described  in  this  place. 

^.  FotJoCs  germ.  In  the  Fowl's  egg  the  germ 
consists  of  the  so-called  CockVtread,  which  in 
company  with  the  yellow  yolk  is  enclosed  in  a  common  membrane.  Pan- 
der *  described  the  CockVtread  as  consisting  of  two  easily  distinguishable 
portions,  one  of  which  dipped  down  into  the  yellow  of  the  egg,  while  the 


Pig.  428.  F,  N,  a,  P,  JZ, 
the  same  as  before;  KK^ 
section  of  the  circular  pad 
and  confines  of  the  anus; 
the  dotted  line  indicates  the 
former  connection  between 
the  vitelline  plug  and  the 
mass  {Z)  of  germ-cells  ;  at 
this  stage  the  egg  has  al- 
ready completed  its  i>artial 
revolution,  thereby  causing 
the  back  to  lie  above,  and 
the  belly  below. 


*  Beitrdge  ear  Bntwiekdung  dea  ff&hnoheiu,    Warzbaxg,  1817. 
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other  was  spread  out  like  a  layer  over  it«  surface.  The  latter,  he  says,  is  a 
round  disk,  in  and  from  which  the  fcetus  is  formed,  and  which,  therefore, 
may  very  properly  be  termed  the  gem^^membrane.  The  other  portion  Pan- 
der called  the  nudtus  of  the  Cock^s-tread.  It  is  a  component  part  of  the 
io-caUed  white  yolk,  and  lies  beneath  the  central  transparent  portion  of  tiie 
germ-membrane,  thou^  not  connected  with  it. 

The  doctrine  enunciated  by  Pander,  that  the  embryo  is  formed  exdn- 
sively  from  the  germ-disk,  remains  even  to  the  present  time  unshaken  in  its 
foundations. 

Reichert  *  and  Hisyf  judging  from  diflferent  stand-points,  hare,  it  is  tnie^ 
supposed  that  the  fonned  elements  of  the  white  yolk  entered  into  the  new 
body  of  the  animal.  His,  moreover,  on  the  basis  of  this  supposition,  has 
designated  the  germ-disk  as  the  principal  germ  (Archiblast  or  Neuroblast), 
and  the  portion  oonti  ibuted  from  the  white  yolk  as  the  Buhordinate  germ 
(Parablast  or  Hjemoblast).  Tliese  views,  however,  are  not  sufficiently  sup- 
ported by  facts,  and  it  will  bo  seen  farther  on,  in  the  course  of  my  descrip- 
tion, that  the  observations  which  gave  birth  to  these  views  will  admit  of 
another  interpretation,  conformable  to  the  general  principles  of  biology. 

Pandoras  description  relates  to  fructified  eggs  taken  from  under  a  settii^ 
Fowl,  before  they  become  hatched.  The  commencement  of  hatching,  how- 
ever, must  not  be  considered  as  in  any  sense  the  commencement  of  develop- 
ment. The  processes  which  are  of  the  most  importance  for  our  deacriptioa 
take  place  on  the  passage  through  the  oviduct.  It  is  there,  for  instance, 
that  segmentation  of  the  germ  takes  place,  and  that  the  elements  of  segmen- 
tation begin  to  arrange  themselves  in  layers.  In  the  hatching  egg  the  dis- 
position into  layers  is  found  to  have  attained  different  d^^ees  of  advance- 
ment in  different  cases ;  it  would,  therefore,  on  this  account  alone,  be  unad- 
visable  to  attribute  a  definite  histological  character  to  this  period. 

The  segmentation  of  the  FowPs  germ  was  first  desciibed  by  Coste.^  His 
description,  however,  embraced  only  what  could  be  se^i  by  simple  observa- 
tion of  the  surface  of  the  germ-disk,  during  the  process  of  segmentation. 
OeUacher§  examined  sections  of  Fowls'  germs  in  the  various  stages  of  seg- 
mentation, and  in  his  treatise  we  find  for  the  first  time  a  description  that 
corresponds  with  the  conditions  as  really  observed.  I  must  therefore  drat 
give  an  account  of  this  description.  Inasmodi  as  Oellacher's  investigations 
were  carried  on  under  my  special  notice,  my  description  will  also  in  part  be 
based  upon  personal  observations. 

AH  the  preparations  mentioiied  here  were  obtained  ul  the  f  oUowing  manner :  The 
yolks  of  eggs,  taken  either  from  the  oviduct  or  from  under  a  setting  Hen,  during  the 
first  day  of  hatching,  were  carefully  freed  from  albumen  and  washed  cautioiiidy  m 
dilate  chromic  acid ;  the  precipitates  of  albumen,  thus  prodnced,  were  then  removed 
by  the  forceps,  and  the  oleansed  yolk  again  placed  in  a  fresh  dilute  solution  of  duomio 
acid.  At  the  expiration  of  a  few  days  the  segment  of  the  yolk,  in  which  the  germ- 
membrane  is  visible,  should  be  lifted  off  and  oarefully  plaoed  in  alcohol :  here  it  ia  to 
remain  until  deprived  as  thoroughly  as  possible  of  its  water,  and  then  it  Bhoold  be 
embedded.  For  this  purpose  a  small  paper  box  |  most  first  be  prepared  and  then  half 
filled  with  a  mixture  of  wax  and  oil.  When  the  mixtnre  in  the  small  box  has  stiffened 
to  such  an  extent  that  we  may  be  confident  that  a  preparation  laid  upon  it  will  not 
sink  to  the  bottom,  then  place  the  specimen  in  the  deaired  position  on  the  semi-eolid 
mass,  and  fill  the  box  full  with  the  fluid  mixture.  As  soon  as  the  second  portion  com- 
mences to  stiffen,  the  position  of  the  preparation  should  be  accurately  noted,  so  that 

•  EnUDickdungdehen  im  Wirbdt/iierreiche.    1840. 

♦  Untersuchungen  uber  die  erste  Aniage  de$  WirMthiffrMbeg.     1888. 
^             I  See  his  ''  Jluttoire  du  deodnppemetU  de&  fiorps  arganm^;^ 

§  Striokar.     Stud.,  1870.  (  See  Addenda.— TRAi2SiJU:OR'a  Note. 
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when  the  mixfciire  has  beoome  solid  a  line  may  be  dzawn  indioating  the  direction  in 
which  the  section  is  to  be  made.  The  wax  and  oil  should  be  mixed  in  such  propor- 
tions that  the  consistency  of  the  mixture,  when  stiff,  shall  be  suited  to  the  consistency 
of  the  preparation  and  the  indiTidual  notions  of  the  inyestigator.  I  cannot  avoid  the 
present  opportonity  of  expiessing  my  asftonishment  at  the  obstinacy  with  which  skilled 
mlcroecopists  refuse  to  avail  themselves  of  the  advantages  which  ^e  mixture  affords. 
The  mixture  of  two  substances  of  such  different  consistency  as  wax  and  oil  enables  us 
to  obtain  all  the  different  degrees  of  consistency  between  both  of  them  separately. 
For  the  extremely  delicate  embryological  preparations  these  advantages  are  in- 
valuable. 

I  will  also  cnxBorily  remark  that,  if  the  prepazmtion  contains  cavities,  these  must  be 
opened  in  order  that  the  mixture  may  fill  them  completely.  It  is  only  when  the  pre- 
paration and  the  wax  mixture  are  in  the  fullest  contact  that  we  can  expect  to  obtain 
(^od  sections. 

The  little  paper  boxes  should  be  of  such  a  size  that  the  investigator  can  hold  firmly 
in  his  hand  the  solid  mass  therein  moulded.  The  knives  iised  in  making  the  sections 
should  be  laige,  of  the  highest  degree  of  sharpness,  and  ground  flat  at  least  on  one 
side ;  the  upper  saitace  of  the  blade,  furthermore^  should  be  covered  with  a  coating 
of  oil  of  turpentine.  After  comi^eting  the  section  the  preparation  should,  by  the  aid 
of  oil  of  turpentine,  be  floated  off  on  to  the  slide,  where  it  can  be  mounted  permanent- 
ly aoeording  to  the  ordinary  method  (oH  of  cloves,  Damar  varnish,  and  a  wall  of  paper). 

So  f&r  as  the  real  topographical  relations  can  be  ascertained  from  sections 
through  eggs  hardened  in  chromic  acid,  the  folly  matured  germ  displays  the 
form  of  a  biconvex  lens,  which  at  one  pole — ^in  tlie  natural  position,  the 
under  one — ^is  somewhat  depressed.  The  diameter  of  the  germ  measures 
Ikbout  0.5  mi;n. ;  its  thickness  between  the  depressed  portions  is  0.05  mm. ; 
between  the  biconvex  portions,  0.06  mm.  In  a  body  like  this  the  spot 
where  the  germ  is  to  be  sought  for  is  marked  out  very  cUstiuctly.  Above  it 
lies  the  vitelline  membrane,  while  beneath  it  is  a  finely  granular  mass,  con- 
cerning which  it  cannot  at  this  stage  be  determinted  whether  it  belongs  to 
the  germ  or  not.  In  this  stage  Oellacher  was  not  able  to  discover  a  germi- 
nal vesicle  in  the  sections. 

The  first  furrow  of  the  germ  was  found  in  an  egg  which — acoording  to 
the  time  usually  occupied  by  the  Hen  in  laying  an  egg — had  yet  from  12  to 
14  hours  to  spend  in  the  oviduct.  The  body  interpreted  to  be  the  germ 
eocupied  a  situation  similar  to  the  one  before  described,  but  was  rather 
larger  and  thicker.  From  the  centre  of  the  convex  surfiice  of  the  germ,  a 
tortuous  line  of  subdivision  of  the  substance  pursued,  a  somewhat  oblique 
course  downwards. 

A  view  of  the  second  phkse  in  the  process  of  segmentation  was  obtained 
in  an  egg  whose  shell  already  contained  lime  salts  in  a  sufiicieDt  quantity  to 
Admit  of  demonstration.  In  the  iqpot  where  the  germ  is  to  be  sought  for, 
there  was  again  visible  an  approximately  concavo-convex  disk ;  it  appeared 
thinner,  however,  and  larger  than  that  of  the  previous  stage.  In  this  case 
five  furrows  penetrated  from  the  surface  into  the  substance  of  the  disk,  so 
that  when  seen  in  section  it  appeared  to  be  subdivided  into  six  fields^;  of 
these  the  two  outermost  were  the  longest,  while  the  four  middle  ones  did 
not  vary  materially  from  each  other  in  their  dimensiona 

At  this  period  also  it  was  impossible  to  determine  positively  whether 
beneath  these  fields  other  subdivisions  of  the  germ,  though  perhaps  not 
quite  so  sharply  outlined,  did  not  exist. 

A  view  of  the  next  stage  was  obtained  in  an  egg  whose  shell  was  already 
hard,  though  relatively  very  thin.  Here  there  existed  already  a  distinct 
division  between  the  germ  and  the  yolk,  for  an  appreciable  cavity  separated 
the  two.  A  section  through  the  middle  of  the  germ  showed  that  it  was 
composed  of  polygonal  fields^  <Kf  which  as  many  as  six  could  be  counted  in 
passing  firom  the  smrfiEios  down  to  the  cavity. 
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The  shape  of  the  germ  as  a  whole — and  we  could  speak  positively  con- 
oeming  its  shape,  owing  to  the  fact  that  its  lower  boundaries  were  so 
sharply  drawn — always  approximated  to  that  of  a  bi-convex  lens,  whose 
upper  surface  lay  in  immediate  contact  with  the  vitelline  membrane,  while 
its  uneven  under  surface  formed  the  upper  boundary  of  the  shallow  cavity 
separating  the  germ  from  the  yolk.  The  largest  fields  occurred  at  the  bor- 
ders and  were  filled  with  larger  granules  than  in  the  middle  parts.  In  some 
of  the  fields  a  nucleus  was  distinctly  visible. 

In  a  later  stage— which  was  also  observed  in  an  egg  taken  from  the  ovi- 
duct— the  process  of  segmentation  was  found  to  have  advanced  much  further. 
The  larger  polygonal  fields  were  only  present  along  the  borders.  In  the 
central  parts  the  formed  elements  were  smaller  and  more  loosely  joined 
together ;  their  contents,  moreover,  in  the  upper  layers  were  finely  granu- 
lar, but  in  the  lower  layers  they  became  coarser.  Throughout  the  periphe- 
ral portions,  the  germ-disk  lay  upon  the  yolk ;  in  the  central  portion, 
however,  the  two  were  separated  from  each  other  by  an  intervening  shallow 
cavity.  At  the  bottom  of  this  cavity  lay  a  few  formed  elements,  similar  in 
their  external  appearance  to  those  composing  the  deepest  layer  of  the  germ- 
disk. 

A  still  later  stage  of  an  oviduct-egg  presented  but  few  features  wor- 
thy of  mention.  The  process  of  subdivision  had  made  still  further  pro- 
gress even  along  the  borders  :  the  formed  elements  in  general  were  smaller, 
the  entire  disk  was  somewhat  thinner,  the  cavity  deeper,  and  at  the  bottom 
of  it  lay  a  few  large,  spherical,  strongly  granular  formed  elements.  Finally, 
in  another  oviduct-egg  a  still  later  stage  of  development  was  found.  The 
elements  of  segmentation — ^the  embryonic  cells,  we  can  also  say — were  in 
some  spots  separated  into  two  layers;  in  the  upper  layer  (/S,  fig.  429)  the 
cells  were  small  and  closely  packed  together,  wherefus  in  the  under  one  {D) 
they  were  larger,  more  coarsely  granular,  and  arranged  with  great  irregu- 
larity, forming  in  certain  spots  a  simple  row,  in  others,  again,  small  heaps 
(on  transverse  section),  of  two  or  three  cells  in  depth,  by  whose  accumula- 
tion projections  were  produced. 

In  freshly  laid  eggs  the  germ  is  sometimes  no  further  developed  than  what 
we  have  just  described,  while  at  other  times  the  under  layer,  which  is  com- 
posed of  larger  cells,  is  more  sharply  separated,  throughout  its  whole  extent, 
from  the  upper  layer. 

We  may  say  in  general  that  in  freshly  laid  eggs  the  separation  of  the 
germ  into  two  layers  is  at  one  time  more,  at  another  less  pronounced,  but 
that  the  process  of  segmentation  will  be  found  to  have  not  yet  entirely 
ceased.  The  formed  elements  of  the  under  layer  are  still  pretty  large :  a  few 
very  large  segmentation-spheres  (-3f,  fig.  403)  may  even  yet  be  found  pro- 
jecting prominently  downwards  into  the  cavity,  or  sometimes  even  resting 
upon  the  bottom  of  the  cavity,  so  that  in  transverse  sections  the  germ- 
membrane  appears  as  if  supported  upon  pillars.  Occasionally  these  lai^ 
elements  are  found  lying  on  the  bottom  of  the  cavity,  without  touching  the 
germ-membrane  above.  In  such  cases  it  will  of  course  remain  doubtful 
whether  these  elements  became  detached  during  life  or  through  the  action 
of  the  reagent  employed.  At  the  same  time  the  appearance  of  larger  and 
smaller  elements,  like  these  lying  on  the  bottom  of  the  cavity,  is  an  afifair 
of  s;tch  constant  occurrence  that  one  cannot  avoid  the  conclusion  that  they 
must  either  have  £Edlen  down  already  during  life,  or  have  remained  lying 
there  after  the  removal  of  the  germ-membrane. 

Near  the  free  border  the  germ-membrane  is  thickened  by  the  presence  on 
its  under  surface  of  large  segmentation-spheres ;  from  this  point  on,  how- 
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erer,  it  rapidly  diminishes  to  a  thin  edge.  The  last-mentioned  thickening 
rests  upon  the  yolk,  so  that  the  entire  germ  may  be  said  to  lie  like  a  cover 
over  a  shallow  depression  in  that  body.  The  cavity  resulting  therefrom  was 
called  by  Eemak  the  "  germ-cavity."  The  wall  limiting  the  cavity  His 
termed  the  "  germ-wall."  This  wall,  however,  is  not  a  part  of  the  germ  :  it 
belongs  to  the  yolk,  and  therefore  its  designation  as  germ- wall  is  inconsistent 
with  the  facts. 

Fig.  429. 


■■■■SSP 

Fig.  429.  Section  of  the  germ  of  an  egg  freshly  laid  in  the  month  of  June. 

Inasmuch  as  the  descriptions  of  embryologists  refer  also  to  the  stage  last 
discussed,  it  would  be  the  proper  thing  here  to  give  a  sketch  of  the  literature 
of  the  subject. 

The  prevaHiDg  doctrine  concerning  the  development  of  Vertebrates  from  the  so- 
called  germ-lay  en  owes  its  orig^  to  Caspar  Friedrich  Wolff.  *  From  him  we  learned 
that  the  entire  complex  intestinal  system  is  developed  from  a  simple  laminated  foon- 
dflition-work. 

Pander  f  perfected  Wolff^s  theory.  The  germ-membrane,  according  to  him,  consists 
of  a  layer  of  granules,  constituting  the  foundation  from  which  later  the  imder  germ- 
layer  will  be  formed.  Above  this  layer,  furthermore,  there  will  be  developed,  during 
the  first  hours  of  hatching,  a  second  layer  of  similar  granules — the  subsequent  upper 
layer ;  consequently,  abcmt  the  twelfth  hour  of  hatching  the  germ-membrane  will  be 
found  to  consist  of  two  laminss,  the  upper  one  of  which  he  calls  the  serous^  the  under 
one  the  mucous  lamina.  Although  he  likewise  describes  the  middle  layer  as  the  vas- 
cular layer,  yet  his  description  in  this  part  lacks  clearness ;  at  times,  for  instance,  he 
describes  the  layer  as  a  fully  formed  mass  in  which  vessels  become  developed,  then 
again  he  represents  it  as  the  result  of  the  development  of  the  vessels.  Nevertheless 
he  clearly  understood  the  fact  that  after  hatching  had  continued  for  a  period  of  twen- 
ty-four hours,  three  easily  separable  germ-layers  could  always  be  found  in  the  germ- 
membrane.  Pander  moreover  was  the  first  person  who  attempted  to  draw  up  a  gene- 
ral plan  of  development  for  the  organism.  He  attributed  to  the  upper  germ-layer  the 
origin  of  all  those  organs,  which  since  the  time  of  Bichat  and  BeU  have  been  termed 
animal — namely,  the  nervous  system  together  with  the  organs  of  sense,  also  the  mus- 
cular and  osseous  systems  ;  the  middle  layer  he  considered  to  be  simply  a  vascular 
layer ;  while  the  under  layer,  according  to  him,  serves  as  a  foundation  for  the  intesti- 
nal system,  together  with  its  accompanying  glandular  organs. 

The  investigations  of  Von  Baer  X  were  connected  with  those  of  Pander  and  may  be 
considered  as  a  continuation  of  the  same.  Von  Baer  describes  in  the  unhatched  egg 
a  single  layer — the  rudiment  of  a  germ-layer.  He  states,  furthermore,  that  during 
the  first  hours  of  hatching  a  second  layer  is  formed,  not  ab<»>€  the  first-mentioned 
layer,  as  Pander  holds,  but  under  it,  and  that  it  constitutes  the  groundwork  of  the 
under  germinal  layer.  Von  Baer  gives  the  same  description  as  Pander  of  the  middle 
germ -layer  (vascular  layer).  Von  Baer's  general  plan  of  development  was  also  more 
perfect  than  those  of  his  predecessors.  He  demonstrated  the  fact  that  the  middle 
germ-layer  participated  in  the  formation  of  the  fibrous  groundwork  of  the  intestine 
and  glands  belonging  to  it.  Aocording  to  him  the  two  layers,  which  originated  during 
the  first  hours  of  hatching  again  subdivide  each  into  two  layers,  the  upper  ones  form- 
ing the  ciUaneoiu  and  mumil(»r  plates^  the  under  ones  the  mfuoaiu  and  intestinal  flbratu 

*  De  formatione  intestinorum,  1768-^.    Deutsoh  von  Meckel,  1812. 

{Loco  citato. 
Usber  die  HhUwiokdunffsgesehichte  der  Thiers,  1822,  L 
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j)kUe8,  The  two  upper  layers  together  he  caUed  the  animal  JayeTy  wfafle  both  lover 
ones  he  designated  as  the  veffetative  layer.  Beicheit  *  gave  stiU  a  different  interpre- 
tation to  the  affair.  He  distinguished  in  the  germ -membrane  of  the  impregnated  bat 
nnhatched  egg  a  layer  of  bodies,  from  whidi  dnrii^  the  first  honrs  of  hatching  ft 
membrane  (enveloping  membrane)  becomes  developed.  The  formation  of  this  mem* 
brane  wae  considered  bj  Reichert  as  a  necessary  f orastep  to  the  farther  development 
of  the  embryo,  inasmuch  as  from  its  inner  side  the  yolk-cells  are  produced  and  depo- 
sited there  in  layers.  At  first  the  foundation  for  the  nervous  system  is  formed,  then 
that  of  the  middle  layer,  which,  owing  to  its  situation  between  the  upper  and  lower 
germ-layers,  he  designated  as  the  membrana  intermedia.  When  the  formation  of 
this  membrane  is  completed,  the  development  of  the  under  layer  commences  by  an 
accumulation  of  yolk-oells  upon  the  under  surface  of  the  foimer  :  this  takes  place  at 
a  time  when  the  embryo  is  already  beginning  to  become  separated  from  the  germ- 
membrane  by  the  prooees  of  constriction.  As  regards  the  significanoe  of  the  germ- 
layers  in  the  subsequent  development  of  the  embryo,  Eeichert  held  that  the  upper 
layer  takes  no  part  in  the  formation  of  the  eynbiyo  itself,  but  ceases  to  live  during  the 
embryonic  life  of  the  organism.  In  reference  to  the  middle  layer,  moreover,  he  was 
the  first  to  prove  the  suMivision  of  the  side  plates  and  the  participation  of  the  mid- 
dle layer  in  the  formation  of  the  walls  of  the  trunk.  The  homy  layer  of  the  skin, 
the  cutaneous  glands,  the  muscular,  osseous,  and  vascular  systems,  as  well  as  the  in- 
testinal fibrous  membrane  with  the  glandular  oigans  belonging  thereto,  are  also  devel- 
oped, according  to  him,  from  this  layer.  The  under  layer  is  described  by  him  as 
simply  furnishing  the  grofundwork  for  the  development  of  the  epHbelinm  in  the 
organs  of  digestion. 

Remak  was  the  first  to  speak  of  the  germ  membrane,  in  the  impregnated  though  nn- 
hatched egg,  as  consisting  of  two  layers.  The  next  changes  then,  according  to  this 
authority,  take  place  in  the  under  layer :  it  becomes  more  compact,  though  sdll  looser 
in  texture  and  less  transparent  than  the  upper.  Then  follows  a  histologioal  differen- 
tiation of  its  elements :  a  layer  of  cells  becomes  detached  and  lines  &e  under  sur- 
face like  an  epitheliuuL  As  regards  the  relation  of  the  germ  layers  to  each  other  in 
the  region  of  tiie  area  germinitiva  (Fruchthof),  the  upper  and  middle  ones  appear, 
at  a  veiy  eariy  date,  to  be  thickened  and  mutually  adherent  at  the  centre  of  the  area. 
The  under  layer,  however,  does  not  form  adhesions  with  the  others  in  this  place. 
Excepting  in  the  middle  portion  of  the  area  germinitiva,  all  three  layers  can  be  easily 
separated  from  each  other  throughout  their  entire  extent.  Having  ascertained  the 
anatomical  individuality  of  the  germ  layers,  Remak  further  endeavored  to  establish 
their  relation  to  the  different  organs,  during  the  subsequent  development  of  the 
organism.  The  names  which  he  has  given  to  the  layers  are  of  themselves  a  suffi- 
cient explanation  of  this  relation.  He  calls  the  upper  layer— as  already  stated 
—the  homy  or  seiuorial  layer,  the  middle  one  the  motorial  and  germinative  layer ^  and, 
finally,  the  under  one  the  mtestinai  and  glandular  layer,  owing  to  the  &ct  that  from  it 
is  developed  the  epithelium  of  the  intestinal  system  with  its  appropriate  glandular 
organs. 

Hisf  again  described,  in  the  fructified  though  nnhatched  egg,  only  a  single  layer  of 
bodies  (constituting  the  foundation-work  for  the  upper  germ-layer  (archiblast  or  neu- 
roblast). According  to  him  tiie  under  layer  is  developed,  during  the  first  hours  of 
hatching,  by  a  lengthening  and  fusion  of  the  (subgerminal)  processes,  which  pro- 
ject from  the  under  surface  of  the  upper  layer,  and  consist  of  one  or  several  rows  of 
cells.  In  other  words,  tiie  under  layer  is  from  the  very  start  a  production  of  the 
upper.  From  these  two  layers,  according  to  His,  is  formed  the  entire  embryo,  with 
the  exception  of  the  system  of  blood-ves^ls  and  the  group  of  connective  substances, 
both  of  which  are  formed  from  the  so-called  white  yolk.  He  taught,  furthermore, 
that  in  the  oentral  portion  of  the  area  germinitiva,  a  layer  separates  itself  from 
the  upper  germ-Uyer,  and  one  also  from  the  lower ;  fizudly,  that  an  axial  cord  of 
connection  is  formed  between  the  upper  and  lower  germ-layers. 

Hensen:^  states  that  the  separation  of  the  germ-membrane  into  germ-layers  takes 
place  at  a  later  date  than  was  supposed  by  Remak.  He  desozibes,  furthermore,  in 
that  period  of  the  development  of  the  embryo  in  which  the  chorda  dorsalis  manifests 
itself  in  the  centre  of  the  area  germinitiva,  a  ^*  special  membrane,  firm  and  non- 
nucleated,"  to  which  he  has  given  the  name  of  '^  membrana  prima.'*  It  is  situated 
between  the  upper  and  middle  layers,  lying  closer  to  the  upper  than  to  the  lower,  and 
has  important  bearings,  according  to  Hensen,  upon  the  development  of  the  embryo. 

*  Loco  citato.  t  Lo^'o  citato. 

X  Virchow's  ArMo,  Bd.  zzz.    Max  Sehultae't  AroMo,  Bd.  iii 
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Aocording  to  Thasy*  the  middle  portion  of  the  germ-membrane,  the  embiyonio 
plate,  is  composed  of  two  laminm  at  aboat  the  fifteenth  honr  of  hatching ;  of  these 
lamina  he  interptets  the  under  one  to  be  the  foundation  from  whioh  the  subsequent 
middle  germ-lajer  is  formed.  He  maintains  that  Remakes  supposition,  that  the  mid- 
dle layer  is  produced  by  subdivision  of  the  u^der  layer  of  the  germ-membrane,  has 
not  yet  been  proved.  The  under  layer,  he  says,  perhaps  becomes  developed  later 
from  the  yolk. 

Waldeyer,f  again,  sided  with  Bemak,  in  no  far  as  the  latter  taught  that  the  middle 
'  germ-layer  and  the  intestinal  and  glandular  layer  were  developed  from  what  was 
originaUy  the  under  layer.  Still  Waldeyer,  independently  of  Peremeschko,  recognized 
the  fact  that  a  large  part  of  the  cells  which  are  subsequently  found  in  the  embryonic 
mass  arrive  there  by  wandering  between  the  germ-layers.  In  regard  to  the  cells, 
however,  which  are  found  at  the  bottom  of  the  germ-oavity,  Waldeyer  was  unable  to 
decide  whether  they  were  segmentation<8pheres  or  products  emanating  from  the 
white  yolk.  Moreover,  what  His  called  ^^subgerminal  processes,"  he  did  not  con- 
sider as  products  at  the  upper  germ-layer,  but  as  primary  offshoots  from  the  ^^-cells. 

As  the  statements  of  Peremeschko  J  and  Oellacherg  form  the  basis  of 
my  own  deHcription,  I  shall  omit  them. 

By  comparing  my  dencription  with  the  historical  sketch  above,  it  will  be 
seen  that  my  interpretation  of  the  germ-disk  in  the  freshly  laid  egg  ia  the 
same  as  Remakes,  namely,  that  it  is  composed  of  two  laminae.  I  would 
further  add  that  the  separation  between  the  laminee  is  not  a  perfect  one 
throughout  the  entire  extent,  for  there  are  sometimes  places  where  the  two 
still  adhere  closely  to  each  other ;  it  is  only  after  they  have  been  subjected 
to  the  heat  of  incubation  that  the  separation  becomes  complete. 

The  cells  of  the  under  layer  change  their  form  and  arrangement  during 
the  first  hours  of  incubation.  They  become  flattened,  and,  when  seen  in 
tiiansverse  section,  appear  spindle-shaped  (Dy  fig.  430).  Hence  after  incuba- 
tion has  gone  on  for  a  few  hours,  we  can  ascertain,  beyond  even  the 
shadow  of  a  doubt,  from  thin  transverse  sections  of  well-preserved  speci- 
mens, that  there  are  two,  and  only  two  layers :  the  upper  layer  is  thicker, 
more  compact,  and  has  a  depth  of  two  to  three,  or  even  more  cells ;  while 
the  under  layer  consists  of  a  number  of  flattened  cells,  which  in  transverse 
section  appear  spindle-shaped.  The  under  layer,  immediately  after  its  se- 
paration from  the  subdivided  germ,  consisted  in  some  places  of  a  single 
thickness  of  colls,  while  in  other  places,  in  a  transverse  section,  small  heaps 
of  cells  could  be  recognized  projecting  from  the  layer.  What  became  of 
these  heaps  of  cells  in  the  mean  time,  I  am  unable  to  say. 

Peremeschko,  however,  has  made  the  communication  that  the  hirge  granu- 
lar cells,  lying  on  the  bottom  of  the  germ-cavity,  increase  very  considerably 
in  numbers  during  the  first  hours  of  incubation.  Now,  since  with  this 
increase  in  numbers  there  is  not  at  the  same  time  a  corresponding  diminu- 
tion in  size,  it  is  very  natural  to  suppose  that  the  cells  which  project  from 
the  under  germ-layer  fall  to  the  bottom  of  the  cavity.  This  supposition, 
moreover,  appcai-s  all  the  more  probable,  when  we  recall  to  mind  the  fact, 
mentioned  in  a  previous  part  of  our  description,  that  some  of  the  elements 
of  segmentation,'which  are  situated  in  the  lower  portion  of  the  germ,  remain 
lying  at  the  bottom  of  the  cavity  at  the  time  when  the  germ,  in  the  produc- 
tion of  this  very  cavity,  separates  itself  from  the  subjacent  parts. 

According  to  my  description,  therefore,  the  under  one  of  the  two  original 
layers  is  not  identical  with  the  layer  described  by  Bemak  under  the  same 
name.  From  this  under  layer,  according  to  Bemak,  are  separated,  by  split* 
ting,  the  middle  layer  and  what  becomes  subsequently  the  under  layer.     In 

*  Der  PrimUifistreifdefi  Bikhnthem.  f  ZeUschrift  fAr  rat  MmL  1860. 

t  WieMT  8iteung$beriMe,  1869.  g  Loco  citato. 


Digitized  by 


Google 


1072  DEVELOPMENT  OF  THE  SIMPLE  TISSUES. 

point  of  fact,  however,  the  process  is  differeut.  The  onginal  under  layer 
consists — at  least  above  the  germ-cavity,  and  before  the  middle  layer  has 
made  its  appearance — of  only  a  single  stratum  of  flattened  cells,  and  it 
retains  this  structure  for  still  quite  a  time  after  the  formation  of  the  mid- 
dle layer.  The  much  thicker  middle  layer  cannot  originate,  by  splitting, 
from  this  stratum  of  flattened  cells. 

Peremeschko  has  seen  the  first  traces  of  the  middle  layer  at  about  the 
seventeenth  hour  of  incubation.  It  must  be  remembered,  however,  that  the 
number  mentioned  here  is  only  approximately  correct,  for  allowance  must 
be  made  for  the  degree  of  temperature  employed  in  hatching,*  and  the  con* 
dition  of  the  egg  at  the  commencement  of  the  process.  With  this  reserva- 
tion I  append  the  statements  of  Peremeschko. 

At  about  the  seventeenth  hour  of  incubation  there  appeared  between  the 
upper  and  lower  layers  coarsely  granular  elements,  which,  in  respect  to  size 
and  contents,  differed  materially  from  the  cells  both  of  the  upper  and 
under  layer,  but  yet  were  the  same,  to  all  appearance,  as  those  lying  on  the 
bottom  of  the  cavity ;  soon  afterwards  the  central  groundwork  of  the  mid- 
dle layer  was  formed.  In  some  preparations  it  was  noticeable  that  this 
groundwork  consisted  in  part  already  of  the  cells  which  characterize  the  sub- 
sequent middle  layer,  in  paH  still  of  the  characteristic  large,  coarsely  gra- 
nular elements  {M^  fig.  430) ;  the  upper  layer  appeared  to  be  separated  from 
the  layer  in  question  by  pretty  sharp  limits.      The  central  partiony  then^ 

Fig.  480. 


Fig.  430.  Section  through  the  Fowrs  germ  (first  day  of  hatchmg). 

of  the  middle  layer  hecanne  developed  earlier  than  the  other  parte  of  the  layer. 
Preparations  in  which  the  central  portion  was  already  developed,  displayed 
on  both  sides  of  it,  as  far  as  to  the  periphery,  and  even  a  little  beyond  it, 
in  the  space  separating  the  upper  and  lower  layers,  newly-formed  cells, 
characteristic  of  the  middle  layer :  they  occurred  in  the  form  of  thin  lamin» 
or  small  groups,  and  sometimes  among  them  were  scattered  the  larger, 
coarsely-granular  elements ;  in  certain  spots  these  last  could  also  be  seen  in 
a  state  of  transition  to  groups  of  cells.  From  this  observation  it  may 
therefore  be  assumed  that  the  middle  layer  is  developed  from  the  large, 
coarsely-granular  elements. 

During  this  process  of  development  of  the  middle  layer  we  notice  that 
the  formed  elements,  collect-ed  in  large  quantity  in  one  spot  (bottom  of  the 
germ-cavity),  gradually  diminish  in  bulk,  while  elements  that  look  just  like 
them  make  their  appearance  in  an  adjoining  space  (between  the  upper  and 
under  layers),  increase  in  number,  and  become  transformed  into  groups  of 
smaller  cells. 


*  In  hatching  I  make  use  of  a  water-bath  which  is  kept  at  a  temperature  of  39^ 
Cels.  (circa  102^  Fahr.),  by  means  of  a  self -regulating  gas  flame. 
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We  are  oonaeqnentlj  led  to  oonjectui*e  that  the  process  is  one  of  translo- 
cation ;  that  the  granular  bodies,  which  before  lay  at  the  bottom  of  the  cavity, 
have  found  their  way  to  the  space  between  the  two  first  germ-layers. 

At  about  the  twenty-third  hour  of  hatching  all  three  germ -layers  were 
fully  developed.  The  cells  of  each  layer  bore  such  characteristic  features 
that  they  could  easily  be  distinguished  one  from  the  other.  Mention  was 
made  above  concerning  the  cells  in  the  upper  and  under  germ-layers :  those 
of  the  middle  layer  were  small  round  cells,  with  extremely  delicate  outlines 
and  oblong,  aharply  defined  nuclei. 

The  relation  of  these  layers  to  each  other  is  such  that  ifc  is  possible  to 
demonstrate  them  as  separate  objects,  excepting  in  the  middle  portion  of 
the  germ-membrane,  where  the  middle  layer  is  inseparable  from  the  upper. 
The  large  elements,  which  have  frequently  been  spoken  of  as  lying  on  the 
bottom  of  the  cavity,  were  studied  by  Peremeschko  as  to  their  behavior 
upon  the  heated  slide.*  They  change  their  form  at  a  temperature  of  32^ 
-34°  C.  (circa  90^-93°  Fahrenheit).  This  change  in  form  commonly  con- 
sists at  first  in  a  general  shrinking,  which  can  be  inferred  from  the  circum- 
stance that  they  diminish  in  size  and  become  opaque ;  their  shape  at  the 
same  time  becomes  oval  or  round,  with  irregular  edges ;  afterwards  they  in- 
crease in  size,  and  again  become  more  transparent.  This  phenomenon  of 
distention  and  contraction  was  repeated,  in  one  specimen,  several  times. 
He  observed  the  changes  in  form,  both  in  hatched  and  unhatched  eggs,  but 
they  took  place  very  slowly. 

Peremeschko's  observations  were  afterwards  confirmed  by  Oellaeher.  I 
had  the  opportunity  of  seeing  the  different  appearances  bearing  on  these 
points  so  often  that  I  can  testify  to  the  truthfulness,  in  the  nudn,  of  their 
statements. 

By  comparing  the  arrangement  of  the  elements  of  segmentation  in  the 
Batrachian  and  FowPs  germs,  the  following  fiicts  are  ascertained :  The 
outer  germ-layer  or  Remakes  sensorial  layer  in  the  Batrachiais  divided  into 
two  strata,  while  in  the  Fowl's  germ  it  remains  single ;  in  both  cases,  how- 
ever, it  originates  from  a  supei^cial  layer  of  cells  which  had  subdivided 
earlier  than  the  deeper  layer ;  from  this  latter  originate  the  other  two 
layers,  the  under  and  middle  layers.  In  a  certain  stage,  then,  there  are 
fouud  lying  opposite  to  each  other  in  both  germs  an  upper  layer  of  small 
cells  and  an  under  one  of  large  cells. 

In  the  Batrachia,  as  well  as  in  Fowls,  the  larger  cells  (which  subdivide 
more  slowly)  experience  at  first  a  partial  dislocation  within  a  cavity  which 
becomes  developed  during  the  progress  of  the  segmentation :  in  the  Batra- 
chia it  is  the  large  germ-cells  that  push  their  way  up  over  the  inside  of  the 
cavity  of  segmentation ;  while  in  Fowls  it  is  the  large,  coarsely  granular 
elements  which  at  first  £eJ1  to  the  bottom  of  the  cavity,  and  then,  in  order 
to  get  between  the  upper  and  under  layers,  must  wander  thither  either 
actively  or  passively.  In  both  cases  the  slowly  subdividing,  large  elements 
form  the  foundation  of  the  middle  and  glandular  layer ;  it  is  only  in  regard  to 
the  mode  by  which  they  accomplish  this  that  differences  of  opinion  exist.  In 
the  case  of  the  Fowl  we  know  that  with  the  formation  of  the  first  deposit 
the  mirhUe  layer  has  not  yet  reached  completion.  I  will  show  later  that 
during  the  second  day  of  development  there  occurs  a  second  immigration  of 
large,  coarsely  granular  elements,  destined  to  lay  the  foundation  from  which 
the  vessels  are  to  be  formed ;  I  would  mention,  however,  in  passing,  that 


•  See  introduction.— Translator's  Note. 
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the  supply  of  these  large  elements  at  the  bottom  of  the  germ- cavity  was  not 
exhausted  by  the  first  emigration. 

In  the  Batrachian  eggs  we  find  no  analogue  for  this  subsequent  comple- 
tion of  the  middle  germ-layer  by  the  accession  of  a  special  deposit  for  the 
blood-vessels.  The  reason  for  it,  however,  lies  in  the  fietct  that  nothing  is 
yet  known  concerning  the  first  rudiments  of  blood-vessels  in  these  eggs. 
At  all  events,  after  the  formation  of  the  middle  layer,  there  is  also  left  be- 
hind, in  the  Batrachian  egg,  a  supply  of  large  elements  of  segmentation 
(fig.  428),  concerning  whose  destiny  we  as  yet  know  nothing. 

(7.  Trout^s  gervi.  In  the  interest  of  comparative  anatomy,  I  will  also 
communicate  in  brief  the  facts  that  have  been  ascertained  concerning  the 
embryonic  layers  in  Osseous  Fishes.  Rynck  *  studied  this  question  on 
Trout's  eggs  under  my  immediate  observation,  and  his  communication  is 
the  only  one  that  is  founded  on  data  from  sections.  From  it  we  learn  that 
the  subdivided  germ  \  lies  upon  the  yolk  throughout  its  entire  extent  at 
first,  but  that  afterwards,  while  the  germ  spreads  itself  out,  there  is  formed 
the  cavity  which  LerebouUet  J  has  already  made  known  to  us.  This  cavity 
is  in  eveiy  respect  the  analogue  of  the  germ-cavity  in  the  Fowl's  egg.  The 
germ  is  stretched  out  over  the  cavity,  its  thickened  edges  lying  upon  the 
yolk  at  the  periphery  of  the  cavity.  The  portion  stretched  out  over  the 
cavity  shows  also  in  its  under  layer  larger  cells,  which  are  arranged  here  and 
there  in  small  projecting  heaps,  exactly  as  is  the  case  in  the  FowL  Little  by 
little  the  under  surface  becomes  even,  and  the  portion  lying  above  the  cavity 
is  then  found  to  be  composed  of  two  strata,  each  consisting  of  equally  smaQ 
cells.  The  upper  stratum  is  formed  of  a  single  row  of  cells,  while  in  the 
lower  stratum  they  are  found  two  or  three  deep.  Further  investigation 
revealed  the  fact  that  from  these  two  strata  is  developed  only  the  analogue 
of  Kemak's  sensorial  layer.  Hence  this  layer  is  composed,  as  in  the  Batra- 
chia,  of  two  separate  deposits  ( Anlagen). 

Upon  the  bottom  of  the  germ-cavity  lie  large,  coarsely-granular  elements. 
The  source  from  which  these  elements  came  can  hardly  be  disputed.  The 
yolk  of  the  Trout's  egg  contains  no  formed  elements  from  which  they  might 
be  derived.  Consequently  there  is  no  other  explanation  left  than  liat 
they  are  portions  of  the  subdivided  germ  which,  during  its  separation 
from  the  subjacent  yolk,  either  remained  lying  upon  the  latter  or  afterwards 
fell  down  there  from  the  under  surface  of  the  germ.  The  relations,  there- 
fore, which  exist  here,  in  and  about  the  germ-cavity,  are  analogous  to  those 
which  we  found  in  the  Fowl's  germ. 

In  the  mean  time  more  characteristic  differences  are  developed.  To  ren- 
der these  clear,  I  must  first  notice  certain  comparative  embryological  rela- 
tions. Coste  §  has  already  called  attention  to  the  fact  that  the  embryo  of 
the  Fish  is  not  placed  in  the  axis  of  the  germ,  as  is  the  case  in  the  Fowl, 
but  in  a  certain  part  of  the  thickened  border.  The  following  description 
will  enable  the  reader  to  understand  readily  the  relations  under  considera- 
tion. In  the  first  place,  let  us  imagine  a  small  sphere  of  wax  placed  upon 
a  larger  one  of  wood,  and  the  first  flattened  down  upon  the  lai'ger  in 
such  a  manner  as  to  resemble  a  disk  with  thickened  borders ;  the  flat- 
tening should  then  be  carried  still  farther,  until  the  thickened  border, 
which  in  the  mean  time  has  steadily  increased  in  extent,  encircles  the  equa- 

♦  Maa  SchvlUe's  Archiv.  Bd.  V. 

f  The  procesB  of  segmentation  was  first  described  by  Rnsconi,  in  the  year  1836 
(Mttller'a  Archiv), 
1  NouveOes  recherohoB  et  Annaiea  d.  w,  not,  Zoolog.,  XL,  1864. 
§  Loo.  oit. 
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tor  of  the  sphere  of  wood.  The  cap  of  wax  should  now  be  stretched 
beyond  this  point,  until  the  thickened  border,  which  is  thereby  rendered 
thinner,  becomes  reduced  down,  in  the  neighborhood  of  the  pole  which  lies 
opposite  to  the  starting-point  of  the  process,  to  a  very  narrow,  barely 
visible  ring.  The  sphere  of  wood  is  now  almost  completely  covered  by 
the  cap  of  wax.  Precisely  similar  are  the  relations  between  the  germ  and 
the  yolk  in  the  Trout's  egg.  By  hardening  the  eggs  in  chromic  acid  at 
various  stages  of  development,  and  lifting  off  carefully  the  thick  vitelline 
membrane,  it  is  possible  to  demonstrate  to  the  naked  eye  the  different  de- 
grees to  which  the  enveloping  growth  has  advanced.  Before  the  cap  has 
covered  the  first  third  of  the  vitelline  sphere,  it  will  be  noticed  already 
that  the  thickened  border  is  particularly  thick  in  one  spot.  With  an  ordi- 
nary magnifying-glass  there  can  be  made  out  in  this  spot  the  dorsal  fur- 
row, which  lies  in  the  direction  of  the  upper  pole  (in  the  original  position 
of  the  germ). 

Duiing  the  extension  of  the  cap  this  rudimentary  deposit  grows  in  the 
form  of  a  thickened  cord  of  the  cap,  which  starts  from  the  thickened  border 
and  pursues  its  course  in  the  direction  of  the  upper  pole.  When  the  border 
has  finally  become  reduced  to  a  narrow  ring,  scarcely  visible  to  the  naked 
eye,  this  cord  stands  related  to  the  embryo  in  a  manner  which  reminds  one 
strikingly  of  the  relation  in  which  the  Kusconian  anal  opening  of  the  Ba- 
trachian  egg  stands  to  the  axis  of  the  dorsal  hajf.  Rusconi  also  called 
attention  to  this  resemblance. 

The  dorsal  furrow  in  the  Batrachian  egg  stretches  from  the  anal  opening 
toward  the  upper  pole,  but  does  not,  however,  reach  it.  In  exactly  the 
same  manner  is  the  thickened  cord,  which  represents  the  dorsum  of  the  Trout's 
embryo,  related  to  the  ring-shaped  remainder  of  the  thickened  border,  which, 
as  is  well  known,  encloses  a  canal.  Through  this  canal,  in  the  Trout's  egg, 
the  yolk  lies  exposed  to  view,  while  in  the  Batrachian  egg,  where  there  is 
no  yolk,  large  segmentation  cells  appear. 

Of  the  rest  of  the  cap  the  smaller  part  is  converted  into  the  sides  of  the 
body,  while  the  larger  part  forms  the  vitelline  sac.*  The  centre  of  the  germ 
disk,  which,  of  course,  lies  originally  above  the  germ  cavity,  constitutes  in 
the  Fowl  the  most  important  portion — that  is,  the  embryo  proper,  while  in 
the  Fish's  egg  it  is  simply  the  rudiment  of  the  vitelline  sac.  In  both  germs 
the  cells  which  are  underneath  fall  to  the  bottom  of  the  germ  cavity.  In  the 
Fowl,  however,  there  remains  behind  a  stratum,  which  constitutes  later  the 
intestinal  and  glandular  layer.  In  the  Trout  the  cells  all  fall  down,  so  that 
no  foundation  is  laid  in  the  centre  for  a  glandular  layer. 

If,  while  the  thinned  centre  (S)  of  the  germ  (which  has  not  yet  spread 
itself  out  over  an  area  of  much  extent)  is  still  suspended  above  the  cavity, 
we  trace  the  large  cells  (3f ),  which  lie  on  the  bottom  of  the  cavity,  out  toward 
the  periphery,  we  shall  notice  that  they  are  directly  continuous  with  a 
deeper  layer  of  large  cells,  which,  at  the  thickened  border,  constitute  the 
under  layer,  and,  as  will  be  seen  farther  on,  furnish  the  foundation  work 
not  only  for  the  motorial  layer  but  also  for  the  intestinal  and  glandular 
layer. 

This  condition  of  things  suggests  the  idea  that  the  large  cells  at  the  bot- 
tom of  the  germ  cavity  wander  toward  the  periphery,  there  either  to  fonn  or 
to  reinforce  the  deposits  of  large  cells  which  are  found  in  that  region.  It 
must  be  remembered,  however,  that  beneath  the  walls  of  the  vitelline  sac  a 
rich  network  of  blood-vessels  is  developed,  and  that  it  is  perhaps  in  thia 

*  See  my  illastrations  in  the  SUxungiberiehte  der  Wiener  Akademiej  Bd.  LI. 
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direction  that  the  large  cellSi  which  lie  npon  the  bottom  of  the  cavLtj,  find 
their  ultimate  destination. 

D,  MamToals,  I  have  myself  made  comparatively  unimportant  observa- 
tions on  the  first  changes  in  the  Mammalian  germ.  In  this  department, 
therefore,  I  am  simply  a  compiler.  Notwithstanding  the  value  of  the  liter- 
ary material  at  my  disposal,  I  am  unable  to  make  use  of  it  except  to  a  very 
limited  degree.  This  is  owing  to  two  reasons :  in  the  first  place,  because  I 
cannot  give  in  this  place  a  history  of  the  discussions  through  which  the  first 
firm  principles  became  established  ;  in  the  second  place,  because  during  the 
most  recent  epochs  of  embryology  the  Mammalian  egg  has  not  been  studied 
ataU. 

Fig.  481. 


Fig.  481.  Section  of  the  germ  of  Salmo  fario. 

The  earlier  communications  on  this  subject  do  not  accord  well  with  the 
newer  forms  of  belief,  and  I  have  no  inclination  to  harmonize  these  incon- 
gruences on  paper.  I  prefer  to  present  the  statement  with  all  its  imperfec^ 
tions,  calling  attention,  however,  to  the  fact  that  in  the  history  of  develop- 
ment of  the  Mammalian  ^g  there  are  many  treasures  yet  to  be  disdoaed. 

Bischoff  was  the  first  to  give  a  definite  description  of  the  process  of 
segmentation  in  the  Mammalian  egg.  Although  he  himself*  gives  Karl 
Ernst  von  Baer  the  credit  of  the  fii*st  acquaintance  with  the  process,  I  can- 
not as  a  historian  agree  with  him ;  BischofTs  own  description  is  in  reality 
the  first.  It  stands  at  the  height  even  of  our  present  views  on  the  subject 
We  find  it  clearly  stated  there  that  the  germ  (vitellus)  subdivides,  within 
the  membrane  and  independently  of  it,  into  smaller  formed  elements.  While 
now  the  germ  (vitellus)  of  the  Rabbit's  egg — so  it  reads  in  the  original 
treatise — ^is  still  in  the  very  process  of  subdividing  into  smaller  and  smaller 
spheres,  the  egg  itself,  surrounded  by  a  thick  layer  of  albumen,  escapes  finom 
the  oviduct  into  the  uterus.  According  to  the  concurrent  testimony  of  De 
Graaf,  Cruikshank,  Coste,  Wharton  Jones,  Barry,  and  Bischofi!^  the  egg  occu- 
pies pretty  constantly  2^  days  in  its  passage  through  the  oviduct. 

Bischoff's  drawings,  which  inspire  us  with  a  sense  of  their  truthfulness, 
lead  us  now  to  conjecture  that  even  the  Mammalian  egg  does  not  subdivide 
uniformly  throughout  its  whole  extent  Within  the  uterus  there  is  also  de- 
veloped in  the  Mammalian  egg  a  cavity,  which  gradually  increases  in  size  in 
oUch  a  manner  that  the  elements  of  segmentation,  crowded  toward  the  peri- 
phery, surround  the  cavity  in  the  form  of  a  very  thin  layer,  or,  as  it  is  also 
expressed,  they  constitute  the  wall  of  a  vesicle.  In  this  condition  the  ovule 
hud  alretuiy  been  seen  by  De  Graaf.  He  described  it  as  a  vesicle  composed 
of  two  membranes.  The  outer  membrane  is,  as  Bischoff  represented  it  quite 
clearly,  the  germ  envelope,  while  the  inner  constitutes  the  germ  membrane 
proper.  Bischofif  also  described  a  dark  mass,  which  consisted  of  ^herical 
bodies  and  lay  next  to  the  inner  surface  of  the  germ-vesicle,  thon|^  at  no 

*  BnMekdungagesdUMe  dM  Kaninehmeies.    1843,  p.  66. 
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special  part  of  it.  These  are  spherical  bodies,  said  he,  ^hich  quite  resemble 
the  spheres  resulting  from  the  previous  subdivision  of  the  germ;  in 
fact  they  are  clearly  the  same  elements.  These  spheres,  then,  in  the  pro* 
cess  of  segmentation  must  have  been  left  behind,  resting  against  those  cells 
which  constitute  the  extremely  thin  and  at  this  time  very  clear  and  trans- 
parent vesicular  wall.  The  question,  whether  the  point  at  which  these 
germ  cells  are  massed  is  identical  with  the  spot  where  later  the  germ  vesicle 
manifests  a  thickening  of  its  substance,  must  be  postponed,  at  least  for  the 
present. 

At  this  thickened  spot  (Yon  Baer's  germ  hilly  Coste's  embryonic  spot) 
Bischoff  first  discovered  a  splitting  into  two  layers,  and  his  description  of 
this  spot  corresponds  exactly  with  the  relations  we  have  in  recent  times  and 
by  the  aid  of  better  means  of  investigation  ascertained  to  exist  in  Birds, 
Batrachia,  and  Fishes.  According  to  that  description  the  cells  of  the  ani- 
mal layer  constitute  a  dense  membrane,  while  the  cells  of  the  vegetative 
layer  appear  still  distinctly  separate,  very  delicate,  and  pale.  I  would  not 
attempt  to  decide  how  at  the  present  time  these  two  layers  are  to  be  inter- 
preted. A  single  tolerably  clear  section  from  a  Bitch's  egg  of  the  same  age  led 
me  to  consider  the  two  layers  of  which  the  germinal  vesicle,  outside  of  the 
rudimentary  dorsum  (germ  hill),  is  composed,  as  the  analogues  of  Bemak's 
sensorial  and  glandular  layers.  A  more  definitive  elucidation,  especially  of 
the  relations  which  exist  in  the  germ  hill,  is  left  for  the  future. 

I  am  unable,  at  the  present  time,  to  give  any  further  information  about  a 
third  vascular  layer  (whose  existence  Bischoff  took  for  granted,  and  of 
which  much  has  been  said  in  the  literature  of  this  subject)  that  is  found 
between  these  two  layers.  In  the  first  place,  it  is  doubtful  whether  this 
middle  layer  is  really  a  vascular  layer,  or  corresponds  to  Bemak's  middle 
germ-layer.  In  the  next  place,  the  question  of  the  development  of  the  mid- 
dle geim-layer  in  MummsJs  demands  a  new  and  thorough  investigation. 
After  what  has  been  ascertained  by  comparative-anatomical  investigations 
in  other  orders,  I  would  not  venture  to  reproduce  any  of  the  views  pub- 
lished hitherto.  As  regards  the  £eict  thi(t  this  layer  also  contains  vascular 
rudiments,  I  shall  recur  to  it  fieirther  on. 

E,  Morphological  Vcdtie  of  the  Germ-ljaf/ers,  As  regards  the  exter- 
nal germ-layer,  it  has  been  mentioned  already  that  it  contains  the  rudiments 
of  the  central  nervous  system,  of  the  nervous  constituents  of  the  organs  of 
sense,  and  of  the  superficial  cellular  coveiing  of  the  animal.  Furthermore, 
an  explanation  has  been  given  why  I  term  it  the  combined  horny  and  ner- 
vous layer.  In  the  Batrachia,  in  which  the  homy  layer  is  distinct  from  the 
nervous  layer,  the  relations  are  remarkably  clear.  The  homy  layer  is 
uniformly  thin  throughout  its  entire  extent,  and  first  becomes  thickened  at 
the  spot  where  the  well-known  suckers  of  the  larva  originate.  From  it  ori- 
ginate the  internal  cellular  lining  of  the  central  candl,  the  outer  cellular 
covering  of  the  animal,  and  the  cellular  lining  of  all  glands  pertaining  to 
the  latter.  As  regards  the  nervous  layer,  however,  I  have  found  it,  even  in 
the  earliest  stages,  thickened  in  that  part  where  later  the  brain  is  developed. 
From  here  it  tapers  down  gradually  toward  the  tail  end  (vitelline  plug), 
but  somewhat  rapidly  in  all  other  directions. 

There  is  no  special  thickening  corresponding  to  the  rudiments  of  the 
retina,  for  it,  as  is  well  known,  is  developed  from  the  brain  (by  the  sending 
out  of  a  diverticle-like  process).      Special  thickenings*  exist,  however,  for 

*  See  the  treaties  of  Sohenk  and  Toiok  in  the  ''  Wiener  SitsoiigBbeiiohten,''  Bd. 
L.  and  Bd.  LIV. 
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the  organs  of  smell,  taste,  and  hearing.  As  to  the  rudiments  of  the  organ 
of  touch,  I  am  unable  to  state  anything ;  I  must  draw  attention,  however, 
to  the  fact  that  the  nervous  la^'er,  like  the  homy  layer,  surrounds  the  en- 
tire periphery ;  investigations  should  therefore  be  made  as  to  how  this  pen- 
pheiul  expansion  is  related  to  the  organ  of  touch. 

In  spite  of  Remak's  positive  assertions,  I  am  unable  to  consider  the  ques- 
tion settled  as  to  whether  nervous  elements  may  also  be  developed  from  the 
middle  germ-layer.  Concerning  this  point,  further  and  very  thorough  in- 
vestigations are  needed.  Observations  on  the  tail  of  the  Frog's  larva  render 
it  probable  that  the  peripheral  nerves  originally  grow  from  the  axis  to  the 
periphery  in  the  form  of  protoplasma  processes.  But,  wherever  these  pro- 
cesses once  penetrate,  there,  and  in  any  part  of  their  course,  cellular  ele- 
ments may  become  developed  from  them.  So  long,  then,  as  this  theoretical 
consideration  is  not  overthrown  by  positive  observations,  we  are  not  justi- 
fied in  considering  this  important  question  as  settled  according  to  Remak's 
views. 

From  the  middle  germ-layer  are  formed  the  muscular  and  connective  sub- 
stances. It  is  so  easy  to  prove  this  assertion  by  observation,  that  I  do  not 
consider  it  necessary — ^although  influential  voices  have  been  raised  against 
it — ^to  make  it  the  subject  here  of  a  prolonged  discussion. 

In  the  first  place,  the  doi'sal  cord  belongs  to  the  connective  substances. 
The  most  primitive  section,  however,  teaches  that  the  cord  involves  the 
entire  thickness  of  the  middle  germ-layer ;  that  above,  it  terminates  at  the 
central  nervous  system ;  while  below,  it  ends  in  the  glandular  layer.  From 
those  portions  of  the  middle  germ-layer  which  bound  the  cord  laterally,  are 
developed  in  pairs  the  vertebi*se.  Again,  the  most  primitive  sections  teach 
that  these  vertebrse,  as  Remak  has  already  shown,  become  separated  into 
distinct  subdivisions.  Only  a  part  of  each  primitive  vertebra  becomes  bone ; 
another  part  certainly  becomes  muscle,  and  it  is  supposed  that  a  third  part 
forms  the  rudiments  of  the  skin. 

I  have  shown,*  furthermore,  that  in  that  spot  where  later  the  front  part 
of  the  cranium  originates,  bone  and  muscle  are  formed  by  the  development 
of  boundary-lines  in  a  matiix  which  waa  originally  uniform  in  appearance ; 
here,  also,  then,  there  can  exist  no  doubt  concerning  the  genesis,  of  the  con- 
nective substances. 

Reichert,  as  ali-eady  stated,  first  recognized  the  splitting  of  the  middle 
germ-layer  to  form  the  pleural  and  peritoneal  cavities.  With  the  present 
method  of  studying  the  history  of  development  from  sections,  the  recog- 
nition of  these  relations  has  become  a  comparatively  easy  matter.  It  wHl 
be  seen  that  the  parts  bordering  on  the  sides  of  the  vertebrae  (side-plates, 
Remak)  subdivide,  exactly  as  described  by  Remak,  into  two  layers,  be- 
tween which  the  serous  cavities  are  developed.  The  lining,  therefore,  of 
these  cavities  is  formed,  beyond  all  doubt,  from  the  middle  germ-layer.  As 
to  the  remaining  details,  I  would  refer  the  reader  to  Remak's  clear  account, 
according  to  which  the  upper  of  these  two  layers  attaches  itself  to  the  com- 
bined nervous  and  homy  layer,  while  the  under  one  unites  with  the  glandu- 
lar layer,  to  form,  on  the  one  hand,  the  abdominal  walls,  on  the  other,  the 
intestinal  canal.  In  the  former  case,  the  horny  layer  furnishes  the  exter- 
nal cellular  covering,  and  the  cellular  lining  of  the  external  glands  ;  while 
in  the  latter  case,  however,  the  intestinal  and  glandular  layer  provides  the 
cellular  lining  of  the  intestinal  cavity,  as  well  as  of  all  the  gland\ilar  organs 
which  grow  out  from  the  intestine. 

*  Archiy  yon  Beichert  und  Dubois.    1864. 
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The  relations  of  the  first  rudiments  of  the  urogenital  apparatus  to  the 
middle  germ-layer  have  already  been  described  by  Waldeyer,  on  page  528. 

JFormcUian  of  the  Simple  Tissues  in  the  JErnbryo. 

Very  little  is  to  be  added  to  what  I  have  already  said  (page  45)  concerning 
the  formation  of  cells.  Since  that  time  I  have  devoted  more  attention  to 
the  subject  of  cell- division,  and  have  found  that  the  process  may  be  observed 
with  comparative  ease  in  inflamed  tissues.  The  only  precaution  required 
is  to  keep  the  tissues,  while  we  are  studying  them,  under  conditions  which 
favor  the  continuance  of  life.*  In  this  way  direct  observation  has  dem- 
onstrated what,  upon  theoretical  grounds,  seemed  long  ago  to  have  been 
decided.  At  the  same  time,  it  has  been  shown  that  the  old  diagram 
was  not  quite  correctly  drawn.  It  is  not  necessary  that  a  cell  should  first 
become  biscuit-shaped  f  before  it  can  undergo  subdivision.  It  subdivides 
either  during  active  amoeboid  motion,  by  the  separation  of  the  cell-body  into 
two  masses  connected  together  by  a  thin  thread,  which  eventually  breaks ; 
or,  the  cell  assumes  the  shape  of  a  more  or  less  spherical  mass,  in  which  a 
line  of  subdivision  becomes  visible ;  sometimes  this  line  disappears  and  re- 
turns several  times  in  succession,  until  it  finally  becomes  permanent.  In 
these  cases,  dii'ect  observation  affords  us  a  satisfactory  proof  of  the  actual 
subdivision  only  when  one  or  both  parts  resume  their  amoeboid  motions, 
and  become  complet-ely  separated  from  each  other.  As  a  rule,  however, 
the  cells  do  not  separate  from  each  other ;  they  subdivide,  and  the  cement- 
ing substances  between  them  alone  indicate  the  separation  which  has  taken 
place. 

By  the  investigation  of  the  proliferation  of  cells  in  inflamed  tissues  the 
cell-theory  has  experienced  a  certain  modification.  It  has  been  ascertained 
that  cells  which  have  already  attained  such  an  age  that  amoeboid  motions  can 
no  longer  be  i>erceived  in  them  (fixed  connective-tissue  coi'puscles),  may 
under  &vorable  influences,  inflammatory  irritations  and  their  results,  again 
become  amoeboid.  It  has  been  ascertained  furthermore  that  this  does  not 
hold  good  for  old  cells  in  general.  It  also  happens  sometimes  that  the  ex- 
ternal layer  of  the  cell  remains  unchanged,  while  only  the  centml  portion 
recedes  from  its  surroundings;  the  cell  is  converted  into  a  bladder  in 
which  one  or  several  amoeboid  cells  lie. 

In  this  way  it  is  shown  that  the  explanation  given  by  Briicke  of  the  en- 
dogenous formation  of  cells  (page  45)  harmonizes  very  completely  with  the 
processes  as  they  actually  take  place.  Oser's  J  observation,  that  the  cells 
formed  endogenously  escape  through  rents  in  the  maternal  envelopes,  settles 
the  matter  eifectually. 

After  the  explanations  given  in  this  (first)  chapter,  no  further  elucidation 
is  needed  concerning  the  development  of  the  epithelia  and  endothelia. 

The  development  of  connective  substances  has  been  discussed  by  Rol- 
lett  in  t<he  second  chapter  of  this  work.  I  would  only  remark,  as  this  seems 
to  be  the  proper  place,  that  1  consider  the  formation  of  fibrillated  connec- 
tive tissue  from  cell-processes  as  proven.  On  the  other  hand,  I  do  not  con- 
sider it  as  strictly  proven  that  a  homogeneous  basis  substance  splits  up 
into  fibrill». 


*  Stridker,  Stndien  aua  dem  Phjsiol.  Institut. 

{The  shape  of  a  "lady-flnger  "  (cake.)— Translator's  Note. 
Strieker,  Stndien  aua  dem  Physiol.  InsUt.  p.  88. 
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Our  knowledge  of  the  first  rudiments  of  embryonic  blood-vessels  relates 
almost  exclusively  to  the  Fowl's  germ. 

We  find  that  «ven  C.  F.  Wolff  was  acquainted  with  the  fact  that  in  the 
germ  disk  of  the  Fowl  the  blood  originated  in  the  form  of  islands,  and  Pan- 
der penetrated  still  farther  when  he  showed  that  the  Wolffian  blood  islands 
were  formed  of  smaller  dark  islets,  which  could  be  distinguished  both  in  Uie 
transparent  area  and  in  the  opaque  zona.  Pander  said  that  these  islands 
lengthen  themselves  out  and  grow  narrower,  their  ends  interlock,  and  thus 
there  is  formed  a  reddish  network  with  transparent  interspaces.  Yon 
Baer  made  mention,  though  in  a  very  obscure  manner,  of  Pander's  islets ; 
but  later  these  observations  of  Pander's  were  consigned  to  oblivion.  After 
the  publication  of  Remak's  investigations,  people  very  generally  adopted  the 
views  of  this  observer,  who  mistook  a  seconcUry  stadium  for  the  primary, 
but  at  the  same  time  interpreted  it  in  a  very  comprehensible  manner. 
Bemak  mistook  the  completed  network  of  blood-vessels  for  the  first  rudi- 
ments of  the  system,  and,  inasmuch  as  he  saw  them  at  the  same  time  filled 
with  blood,  he  gave  the  following  explanation  of  these  appearances : — Cells 
unite  to  form  trabecule  and  plexuses,  and  the  peripheral  elements  of  each 
cord  form  by  fusion  the  waJis  of  the  vessel,  while  the  central  elements  be- 
come blood  coi'puscles.  When  therefore  a  few  years  later  the  silver  method 
revealed  the  cell-limits  even  in  the  capillaries,  Eemak's  theory  seemed  to  be 
more  firmly  established  than  ever. 

It  was  only  a  few  yeai*8  ago  that  Affanasief  *  again  discovered  the  insular 
i-udiments  of  the  blood-vessels.  In  this  instance  I  must  make  an  exception, 
and  state  that  his  work  was  carried  on  under  my  direction.  I  do  so  be- 
cause Affanasief  afterwards  declared  that  what  he  had  found  was  indistinct 
and  unsatisfactory — a  point  on  which  I  must  differ  from  him.  Soon  after- 
wards His  also  declared  himself  in  favor  of  the  island-shaped  rudiments  of 
the  vessels,  and  very  recently  E.  Kleinf  has  at  last  given  us  satisfactoiy 
results  concerning  this  question.  The  points  which  still  remained  obscure 
in  Affknasiefs  account  are  thereby  rendered  perfectly  clear.  I  shall  there- 
fore enter  now  upon  the  description  of  the  primary  development  of  blood- 
vessels with  the  consciousness  that  I  am  treating  of  a  topic  which,  from  a 
morphological  stand-point,  is  definitely  settled. 

If  a  fresh  germ  disk  be  examined  at  the  beginning  of  the  second  day  of 
hatching,  with  moderately  strong  magnifying  powers  and  without  a  glass 
cover,  there  will  be  observed  in  the  deeper  parts  of  the  tissue  isolated  cel- 
lular elements  in  various  stages  of  development  into  large,  bladder-shaped 
bodies  provided  with  vacuoles.  In  an  optical  transverse  section,  the  large 
bladders  appear  to  be  composed  of  spindle  cells.  During  the  development 
of  the  cell  into  a  bladder,  the  nuclei  in  the  wall  of  the  bladder  increase  in 
number  and  project  inwards  toward  the  cavity  ;  there  appear  moreover  to 
be  as  many  spindle  cells  in  an  optical  transverse  section  as  there  are  nuclei 
visible.  Klein  has  shown  that  cells  are  separated  from  the  inner  wall  of 
these  bladders  by  the  process  of  constriction,  and  that  these  cells  fall  into 
the  cavity  of  the  bladder  and  become  blood-corpuscles. 

The  isolated  cellular  elements  may  also  be  recognized  in  sections  of 
hardened  preparations.  In  examining  such  sections  it  will  be  seen  that 
these  elements,  for  reasons  already  previously  brought  forward  and  dis- 
cussed, must  be  considered,  like  the  cells  of  the  middle  layer,  as  products  of 
the  subdivided  germ  which  subsequently  find  their  way  hither  by  wander- 

*  Wimer  Sitzungsberichts,  1866.    Bd.  LIIL 
t  Wiener  SUgungsberiehte,  1871.    Maidieft. 
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ing.  It  will  be  seen  furthermore  that  from  their  definitive  location  they 
should  be  reckoned  as  belonging  to  the  middle  germ  layer.  We  see  there- 
fore that  from  a  segmentation  sphere  or  an  embryonic  cell  there  is  de- 
veloped a  bladder  containing  blood-corpuscles,  or,  as  we  may  also  term  it, 
a  vessel  built  after  the  type  of  capillary  vessels  and  closed  on  all  sides.  Tlie 
wall  of  the  bladder  is  protoplasm,  whose  nuclei  have  multiplied,  and  the 
enclosed  cavity  has  originated  in  the  same  manner  as  vacuoles  are  usually 
produced. 

The  blood-corpuscles  are  produced  within  the  cell  endogenously.  This 
takes  place,  according  to  Klein^s  description,  by  the  protrusion  from  the 
inner  wall  of  the  bladder  of  buds,  which  become  disconnected  by  constriction 
and  fall  into  the  cavity  of  the  bladder.  There  is  aLto  a  second  mode  of  en- 
dogenous blood  formation,  which  stands  more  nearly  related  to  the  endogenous 
cell-formation  with  which  we  are  already  familiar.  The  central  portion  of  a 
large  cell  sometimes  becomes  transformed  into  blood  corpuscles,  thus  present- 
ing the  picture  of  a  cyst  filled  with  blood-corpuscles.  Both  forms  are  fimda- 
mentally  the  same ;  in  both  cases  they  are  closed  vessels  which  contain  blood* 
corpuscles  and  which  have  originated  from  single  cells. 

From  the  walls  of  such  bladders  shoots  grow  out  which  at  first  are  solid 
but  afterwards  become  hollow.  Furthermore,  the  free  end  of  a  shoot  may 
develop  into  a  bladder  of  one  form  or  the  other,  so  that  then  we  shall  have 
two  cysts  which  comihunicate  with  each  other ;  or,  the  shoots  of  difiTerent 
bladders  imite ;  or,  again,  a  shoot  forms  a  junction  with  a  bladder,  or  two 
bladders  communicate  directly.  In  this  way  a  communicating  vascular  sys- 
tem is  formed.  The  formation  of  shoots  continues  on  after  the  completion 
of  a  communicating  network.  In  the  tail  of  the  Frog's  larva,  where  the 
new  formation  of  vessels  may  be  observed  at  a  time  when  the  circulation  is 
already  established,  the  formation  of  shoots  is  so  sharply  pronounced  that 
the  most  conservative  observer  cannot  Ml  to  recognize  them.  The  walls  of 
the  vessels  send  out  processes,  the  processes  become  thicker  and  unite  either 
with  the  processes  of  other  vessels  or  with  the  vessels  themselves  directly, 
and  a  communication  between  the  two  is  established  by  the  hollowing  out 
of  the  processes.  At  the  same  time  there  is  also  a  probability  that  even  in 
the  tail  of  the  Frog's  larva  free  cells  develop  outrunners,  attach  themselves 
to  a  vessel,  and  then  play  the  same  rdle  as  that  just  described  in  speaking  of 
the  vascular  outrunners.  The  observation  made  by  me  *  that  spindles,  closed 
at  both  ends  and  containing  blood-corpuscles,  occur  in  the  tail  of  the  Frpg's 
larva,  has  been  recently  confirmed  by  J.  Arnold,  f  These  observations  sug- 
gest the  idea  that  an  endogenous  formation  of  blood  takes  place  even  in  the 
tail  of  the  Frog's  larva.  Moreover  it  has  already  been  determined,  by  inves< 
tigations  which  are  still  going  on  in  my  laboratory,  that  in  the  so-called  vas- 
cular centres  of  inflammation  (vascularisirenden  Ep tzundungsheerden)  blood 
can  be  formed  endogenously  by  the  transformation  of  cell  walls  into  walls 
of  vessels.  No  other  mode  of  new  formation  of  vessels  has  hithei'to  been 
observed. 

Originally  all  vessels,  whether  they  form  later  the  heart,  arteries,  or  veins, 
are  constructed  like  capillary  vessels,  that  is,  they  possess  only  a  nucleated 
wall,  which  in  the  embryonic  state  consists  of  embryonic  cell-substance  or 
protoplasm.  The  complication  which  afterwards  takes  place  in  the  structure 
of  the  heart,  arteries,  and  veins,  is  the  result  of  a  secondary  process  in  the 
outer  wall  of  the  original  tubular  system,  concerning  which  more  accurate 

*  Wiener  SUmtngtberichte.    Bd.  UL 
t  Virchow's  ArefUv.    Bd.  53. 
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information  has  not  yet  been  fumishecL  The  endothelia  of  the  heart,  arterie^ 
and  veins  possess  therefore  the  same  genetical  dignity  as  the  walls  of  the 
capillaries. 

Inasmuch  as  in  the  capillaries  of  the  completed  vascular  system  there  can 
be  brought  out  by  the  silver  method  a  system  of  brown  lines  which  are 
directly  continuous  with  the  brown  lines  of  the  cementing  substance  of  the 
endothelial  cells  lining  both  the  arteries  and  the  veins,  we  must  assume  that 
the  lines  of  cementing  substance  throughout  the  entire  system  were  formed 
afterwards.  This  course  of  things  is  in  harmony  with  the  general  principles 
of  development.  With  the  exception  of  the  first  rudiments  of  the  middle 
germ  layer,  no  other  example  is  known  of  -the  coming  together  of  cells  to 
form  a  cellular  structure.  In  all  the  epithelia  as  well  as  endothelia  we  see 
the  process  of  cell  subdivision  manifesting  itself  only  to  the  extent  that  from 
a  single  cell  two  or  more  cells  may  be  formed;  these  last  do  not,  however, 
sepai-ate  from  each  other,  but  cementing  materials  make  their  appearance, 
which  indicate  the  lack  of  continuity  of  the  individual  cells.  We  must 
assume  that  exactly  the  same  thing  takes  place  in  the  originally  homogeneous 
tubes  of  protoplasm.  In  this  connection  I  would  again  employ  an  example 
I  have  already  used  (page  49),  t. «.,  that  the  vessels  ai*e  originally  constructed 
like  gun-barrels  with  smooth  bcre,  but  that  afterwards  they  appear  like  the 
shaft  of  a  chimney. 

As  to  the  question  of  where  and  how  the  blood  is  formed  in  the  embryo, 
after  the  completion  of  the  first  rudiments  of  the  vessels,  we  possess,  indeed, 
very  little  knowledge.  Beichert*  has  expressed  the  view  that  the  blood  is 
formed  in  the  liver.  No  satisfactory  proofs,  however,  have  been  brought  for- 
ward in  favor  of  this  view.  Neumann's  and  Bizzozero's  f  theory  concemlog  the 
formation  of  the  blood  in  the  early  stages  of  the  embryo  must  also  be  dis- 
carded, for  bones  provided  with  medullary  spaces  only  make  their  ap2)earance 
at  a  later  period.  The  question  still  remains  unanswered  whether  the  medul- 
lary spaces  in  the  foetal  bones  ever  serve  as  centres  for  the  formation  of  blood, 
and  if  so,  at  how  early  a  stage.  Finally,  for  the  early  stages  of  development 
the  lymph  glands  can  hardly  be  looked  upon  as  the  source  of  the  colorless 
blood-corpuscles,  for,  as  Sertoli  J  has  shown,  the  first  traces  of  these  corpus- 
cles are  first  met  with  in  embryos  of  a  later  period  of  development. 

Before  describing  the  development  of  the  transversely  striated  muscular 
fibres,  I  must  make  some  additional  remarks  on  their  structure,  especially  as 
in  this  particular  the  description  in  chapter  VI.  is  incomplete.  The  trans- 
versely striated  muscular  fibres  are  spindle-shaped  or  cylindrical,  with  bhmt 
or  pointed  ends.  The  thickness  of  the  fibres  is  very  variable :  sometimes 
they  may  be  recognized  with  the  naked  eye,  wliile  at  others  they  are  very 
much  thinner.  In  a  small  muscle  the  fibres  are  as  long  as  the  muscle  itself, 
but  in  the  larger  muscles  they  do  not  exceed  4  centimetres  in  length. 

Schwann  discovered  a  sheath — the  sarcolemma — surrounding  the  muscular 
fibres,  and  since  that  time  it  has  been  customary  to  consider  this  sarcolemma 
as  entirely  filled  with  the  muscular  substance  proper.  In  fresh  fibres  the 
sheath  is  invisible,  but  it  can  be  seen  if  we  treat  the  muscular  fibres  with 
water  or  with  dilute  acetic  acid — in  short,  with  reagents  which  leave  the 
sheath  intact,  but  cause  the  muscular  substance  to  swell ;  the  sheath  bursts 
then  at  some  point,  the  muscular  substance  protrudes,  and  in  such  cases  the 
outline  of  the  rupture  in  the  sheath  can  be  pretty  distinctly  recognized  It 
is  sometimes  possible  in  such  preparations,  especially  if  we  do  not  employ 

*  Entwiekdungigeachichie,  etc.  t  Bntwiekdunffdebm^  eto. 

i  Wiener  8Usnmg»ber,    Bd.  LIV.  1866. 
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fresh  muscular  tissue,  but  that  which  has  been  dead  about  twenty-four  hours, 
to  render  the  sheath  visible  over  tracts  of  considerable  extent.  We  recog- 
nize it  then  as  a  very  thin,  extremely  transparent,  and,  as  it  appears  with 
the  means  of  observation  at  our  command,  structureless  membrane. 

Schwann  also  discovered  the  nuclei  of  the  muscular  fibres ;  these  are  the 
muscle-corpuscles  of  the  authors,  by  an  exact  study  of  which  Max  Schultze, 
as  is  well  known,  gained  the  first  foot-hold  for  the  reform  of  the  cell- 
doctrine.  Often,  if  not  always,  a  border  of  finely  granular  substance  is 
seen  around  these  nuclei ;  hence,  in  these  cases  the  muscle-corpuscles  are 
cells,  consisting  of  cell-body  and  nucleus. 

The  muscle-corpuscles  generally  lie  on  the  surface  of  the  muscular  sub- 
stance, between  it  and  the  sarcolemma.  Bonders  *  has  foimd  that  in  the 
muscular  fibres  of  the  heart  the  muscle-corpuscles  lie  within  the  substance 
of  the  fibre.  Rollett  f  has  shown,  furthermore,  that  muscle-corpusdes  are 
found  within  the  substance  in  the  muscles  of  Amphibia,  Fishes,  and  Birds. 

Schwann  finally  represented  the  muscular  substance  as  composed  of 
fibrillse,  which  he  compared  to  a  string  of  pearls.  He  attributed  the  pecu- 
liar appearance,  by  reason  of  which  these  fibres  are  commonly  designated  as 
transversely  striated,  to  the  regularity  with  which  the  thinner  and  thicker 
fibrillse  were  placed  alongside  of  each  other.  If,  for  instance,  we  look  at 
the  surface  of  such  a  fibre,  we  shall  notice,  as  a  rule,  Hght  and  dai*k  zones 
of  a  certain  breadth,  which  alternate  with  each  other.  These  zones,  there- 
fore, are  said  to  owe  their  origin  to  the  regular  manner  in  which  the  thick 
and  thin  sections  of  the  fibrillse  ai*e  placed  side  by  side.  Hence  a  muscu- 
lar fibre  consisted,  according  to  Valentin,  of  a  bundle  of  fibrillie,  and  since 
that  time  it  has  also  been  called  a  primitive  muscular  bundle. 

Bowman  believed  that  the  fibrilhe  were  not  originally  present  in  the 
fibre,  but  were  the  product  of  a  degenerative  process.  He  stated  that  the 
fibres  sometimes  break  up,  not  in  the  direction  of  their  length,  but  in  that 
of  the  transverse  striations,  thereby  causing  the  production  of  disks. 
Furthermore,  he  believed  that  by  spUtting  a  muscular  fibre  in  both  direc- 
tions— ^that  is,  lengthwise  into  its  component  fibrillse,  and  transversely  into 
disks — ^we  should  obtain  minute  subdivisions — "  sarcous  elements,"  which 
are  the  real  constituents  of  the  muscular  fibre.  Bollett  called  attention  to 
the  fact  that  Bowman  had  only  spoken  of  one  kind  of  substance,  and  had 
overlooked  the  cementing  substance. 

Wharton  Jones,  however,  was  the  first  to  make  mention  of  the  alterna- 
tion, in  the  longitudinal  direction  of  the  fibres,  of  two  difi*erent  substances, 
i.  6.,  of  disks  and  an  intermediate  substance. 

Dobie  went  a  step  farther  and  described  the  fibrillao  as  being  likewise 
composed  of  two  different  substances,  which  gave  to  the  fibrilla  the  appear- 
ance of  a  linear  row  of  alternating  bright  and  dark  bodies.  Kollett  accepted 
this  description.  He  believed  that  the  muscular  substance  of  the  fibre  con- 
sisted (Schwann's  view)  of  a  bundle  of  fibrillse,  and  considered  each  fibrilla 
as  composed  of  an  alternating  series  of  two  substances,  to  one  of  which,  on 
account  of  its  sharper  outlines,  he  attributed  a  greater  power  of  refracting 
the  light  than  the  other.  The  more  strongly  refractiog  substance  he  called 
the  principal  atibstance,  the  other  the  intermediate  stbbstance.  In  the  case 
of  the  entire  fibre,  disks  of  intermediate  and  principal  substances  alternate 
with  each  other,  the  latter  corresponding  to  the  disks  of  Bowman.  In  the 
case  of  the  individual  fibrillie  the  principal  substance  corresponds  to  a 

*  Phjsiologle  dee  Meiuchen ;  deutBoh  von  Telle, 
t  Wiener  Sitgungsberiehie,  1867. 
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sarcoos  element  or  fleshy  particle.  BoUett  was  able  even  at  that  time  to 
give  informatioii  concerning  Briicke's  discovery,  which  revealed  the  fact  that 
the  characteristic  of  double  refraction  belonged  only  to  the  principal  sub* 
stances,  but  was  wanting  in  the  intermediate  substances. 

In  respect  to  the  internal  arrangement  of  the  fibrill»  RoUett  was  led,  by 
the  study  of  transverse  sections  from  frozen  portions  of  Oxen's  hearts,  to 
adopt  Leydig's  vievrs,  according  to  which  the  primitive  muscular  bundle  is 
traversed  by  a  system  of  cavities.  He  drew  thiiB  inference  from  the  oonflgu* 
ration  of  the  designs  observed  in  the  transverse  sections.  By  macerating 
the  sections  for  several  days,  he  also  obtained  a  view  of  the  fibrillte  in 
transverse  section.  Later,  Oohnheim  *  reduced  the  freezing  of  fresh  mus- 
cular fibres  to  a  method,  and  demonstrated  that  transverse  sections  of  mus- 
cular fibres  thus  frozen  must  be  considered  as  transverse  sections  through  a 
living  tissue.  From  these  sections  he  ascertained  that  the  muscular  sub- 
stance proper  was  composed  of  two  entirely  different  substances :  one  very 
transparent  and  brilliant,  the  other  only  slightly  transparent  and  of  a  dull 
appearance.  These  two  substances  were  distributed  unequally  in  bulk. 
The  brilliant  substance  he  described  as  a  close  lattice^work  of  narrow  lines, 
which  become  broader  only  in  a  few  places  and  intersect  at  all  possible  angles ; 
while  the  dull  substance  is  an'anged  like  a  mosaic,  in  the  form  of  countless 
small  three-,  four-,  and  five-angled  figures,  which  are  separated  from  each 
other  by  the  narrow  seams  of  the  more  transparent  substance.  In  a  few 
spots  he  found  the  corpuscles  composing  the  mosaic  separated  farther  apart, 
and  the  brilliant  substance  accumulated  in  greater  abundance :  in  the  midst 
of  such  spots  the  muscle-nuclei  were  visible.  Oohnheim  considers  the  dull 
fields  of  the  mosaic  as  transverse  sections  of  the  sarcous  elements.  He  states 
furthermore  that  the  transverse  section  of  the  living  muscular  fibre  corre- 
sponds to  the  longitudinal  section  to  this  extent,  that  in  the  latter  the  sar* 
cous  elements  are  also  visible,  surrounded  by  a  second  different  substance. 
In  regard  to  the  consistency  of  the  sarcous  elements,  Oohnheim,  relying  on 
the  investigations  of  Kiihne,  states  that  it  must  be  that  of  a  fluid. 

This  description  led  to  a  materially  new  interpretation  of  the  muscular 
structure.  According  to  it  the  muscular  substance  proper  is  composed  of 
sarcous  elements,  surrounded  by  an  intermediate  fluid  substance  and  ar* 
ranged  in  layers  (disks)  like  the  courses  of  building-stones  in  a  waU. 

Kolliker  f  opposed  this  view  of  Oohnheim's ;  he  believes  that  the  fields 
described  by  Oohnheim  are  the  transverse  sections  of  muscular  pillars, 
which  in  turn  are  composed  of  smaller  bundles  of  fibrillas.  He  therefore 
interprets  the  transverse  section  in  the  same  manner  as  Leydig  and  Bollett. 

From  the  description  on  page  154  of  this  book  it  may  be  inferred  that 
Kiihne  interprets  ^e  contents  of  the  muscular  fibre  in  the  same  manner  as 
Oohnheim. 

These,  then,  were  the  prevailing  views  up  to  the  time  when  the  works  of 
Krause  and  Hensen,  which  appeared  nearly  simultaneously,  threw  a  materi- 
ally new  light  upon  the  case.  According  to  Hensen,^  the  muscular  fibres 
are  constructed  somewhat  as  follows : — 

In  the  primitive  muscular  fibre,  when  in  a  state  of  rest,  every  transverse 
band  is  found  to  be  subdivided  by  a  dark  line  into  two  halves.  This  line 
marks  the  location  of  a  delicate  disk  (middle  disk).  Hence,  in  a  muscular 
fibre  there  is  not  simply  an  alternation  of  a  strongly  refractile  substance— 

•  Virchow's  Anshiv,  Bd.  84 

\  See  hia  ''  Handlnuh,''  1867,  sad  '<  ZdUek.  f,  tote.  Zo6L^    Bd.  16. 

;  ArbeUen  aus  detn  Kider  ph^tkiogUdhm^  MmM^  1868. 
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the  transTerse  disk — with  one  that  is  feeblj  refractile— the  intermediate 
sabstance,  but  the  first  half  of  the  transverse  disk  is  followed  by  a  feebly 
refractile  substanoe — the  middle  disk ;  then  comes  the  second  half  of  the 
transverse  disk,  and  finally  the  intermediate  substanoe. 

Krause's  *  view  is  different.  According  to  him  each  muscular  spindle, 
leaving  out  of  the  account  the  sarcolemma,  consists  of  a  very  large  number 
of  muscular  caskets.  Each  muscular  casket  contains  a  muscular  prism, 
which  consists  of  the  anisotropic  substance  which  almost  completely 
fills  the  muscular  casket.  The  form  of  the  muscular  prisms  (sarcous 
elements)  is  that  of  a  many-sided  column,  cut  off  transversely  above 
and  below;  while  the  transverse  diameter  varies,  the  height  of  the 
muscular  prisms,  like  that  of  the  muscular  caskets,  is  almost  constant 
throughout  the  entire  series  of  Vertebrates.  Both  end-surfaces  of  the 
prism  are  covered  by  a  thin  layer  of  fluid  (fluid  of  the  muscular  caskets). 
Between  [the  ends  of]  every  two  muscular  caskets  there  exists  a  basis 
membrane,  which  separates  the  caskets  from  each  other.  Each  casket, 
moreover,  possesses  a  membrane  of  its  own,  which  completely  envelops  its 
sides  and  becomes  fused  with  the  two  contiguous  basis  membranes.  In  the 
transverse  direction  of  the  muscular  spindles  the  caskets  are  arranged  in 
uniform  disks,  which  may  be  termed  muscular  compartments.  Each  com- 
partment consists  of  a  basis  membrane^  which  in  profile  appears  like  a  line, 
transversely  directed ;  then  follows,  as  we  look  along  the  muscular  spindle, 
one  of  the  halves  of  a  clear  transverse  band,  then  a  dark  transverse  band, 
then  the  half  of  the  dear  transverse  band  next  in  order,  then  again  a  trans- 
verse line,  and  so  on. 

The  most  striking  difference  between  Hensen's  and  SIrause's  interpreta- 
tions of  the  appearance  noticed,  lies  in  the  fact  that  Elrause  considers  that 
as  a  muscular  prism-— consequently  an  anisotropic  portion-^which  Hensen 
interprets  to  be  intermediate  substance  and  isotropic  portion. 

Heppner  f  raised  doubts  concerning  Hensen's  and  Krause's  views.  He 
believed  that  the  brilliant  zones  (Krause's  fluid  of  the  muscular  caskets, 
Hensen's  transverse  disks)  were  simply  a  manifestation  of  the  total  reflec- 
tion that  takes  place  at  the  boundaries  between  the  principal  and  the  inter- 
mediate substance.  He  was  confirmed  in  this  view  by  the  circumstance 
that  the  position  of  the  brilliant  bands,  relatively  to  the  boundary  layer 
which  separates  them  (middle  disk,  Hensen ;  transverse  line,  Krause),  can 
be  changed  by  shifting  the  position  of  the  mirror,  or  the  bands  may  even 
be  made  to  disappear  altogether,  when  the  mirror  is  placed  in  a  certain  po- 
sition. The  appearances  noticed  when  polanssed  light  was  used  still  further 
confirmed  him  in  this  belief.  For  instance,  if  we  color  the  field  of  vision 
by  the  aid  of  scales  of  mica,  it  will  be  seen  that  the  shining  bands  as  well 
as  the  dull  disks  always  appear  of  the  same  color.  Hensen  and  Krause 
assumed,  however,  that  only  one  of  the  two  was  anisotropic. 

So  far  as  the  interpretation  is  concerned,  which  Krause  and  Hensen  have 
given  to  the  appearances  first  noticed  by  them,  I  must  range  myself  on  the 
side  of  Heppner.  At  the  same  time  I  do  not  wish  to  intimate  that  the 
question  is  at  all  settled.  Since  the  time  when  Heppner  made  the  research- 
es referred  to  above  in  my  laboratoiy,  I  have  made  frequent  and  thorough 
investigations  on  the  structure  of  the  muscular  fibres,  but  have  not  been 
able  as  yet  to  come  to  any  conclusion  as  to  the  question  under  con- 
sideration. ' 

«*  ZeiUchriftf&r  BMoaie,  Bd.  5. 
jMam  aoMM9  ArMv,  Bd.  5. 
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My  researches  were  made  exchisively  upon  fresh  mnsctdar  fibres  which 
were  placed  upon  the  slide  and  covered  with  a  thin  glass  cover,  without  the 
addition  of  any  fluid ;  slight  pressure  was  then  exerted  upon  the  edges  of 
the  glass  cover,  which  rested  upon  narrow  ridges  of  putty.  Moreover,  I 
made  use  chiefly  of  the  muscles  of  the  Hydrophilus,  notwithstanding  the 
fact  that  Hensen  had  so  strongly  denounced  their  use  in  a  subsequent  pub- 
lication against  Heppner :  I  did  so  because  the  muscles  of  this  animal,  as 
skilled  microscopists  have  already  noticed,  are  peculiarly  favorable  for  our 
purposes  of  investigation. 

If  our  examination  be  made  with  a  Hartnack's  lens.  No.  15,  we  shall  perceive, 
in  those  cases  where  the  still  living  muscular  fibres  appear  striated  trans- 
versely, that  the  intermediate  substances  (in  Eollett's  sense  of  the  term)  are 
not  homogeneous.  If  they  be  not  too  narrow,  we  can  distinctly  perceive 
that  dark  granules  are  lying  here  in  a  clear  basis  substance.  In  the  direc- 
tion of  the  length  of  the  fibre  I  have  very  often  been  unable  to  count  more 
than  two  granules  in  a  disk.  As  a  rule,  the  arrangement  of  the  granules  in 
the  clear  basis  substance  varies.  At  one  time  the  entire  intermediate  sub- 
stance appears  like  a  densely  granular  zone  of  protoplasm;  at  another  it  is 
free  from  granules  in  certain  spots,  or  they  are  sparsely  and  irregularly  dis- 
tributed throughout  the  substance.  It  has  often  been  stated  that  by 
changing  the  focus  the  intermediate  substance  will  appear  at  one  time 
clear,  at  another  dark.  I  must,  however,  state  very  positively  that,  witili 
the  definition  which  lens  No.  16  gives,  the  intermediate  substance,  when  in 
exact  focus,  is  always  dark  in  that  part  where  the  granules  lie,  but  that, 
whei*e  no  granules  exist,  it  is  always  clear,  in  fact  clearer  than  the  princi- 
pal substance.  The  principal  substance  retains  a  uniform  dull  appearance 
under  all  changes  in  the  focus. 

The  microscopic  appearance  presented  by  the  muscular  fibres  of  the 
Hydrophilus,  so  long  at  least  as  their  motions  are  very  active,  are  exceed- 
ingly variable.  In  those  which  appear  to  be  only  transversely  striated,  the 
breadth  of  the  principal  and  intermediate  substances  changes,  and  the  form 
of  the  boundary  surfaces  of  both  varies,  so  that  the  intermediate  substance 
at  one  time  presents  the  appearance  of  a  knot,  at  another  that  of  a  constric- 
tion ;  furthermore,  the  position  of  the  disks  varies  relatively  to  the  vertical 
position  :  at  one  time  they  are  warped,  at  another  they  are  even  and  verti- 
cal. Each  particular  zone,  moreover,  does  not  always  include  the  entire 
surface  or  the  entire  area  of  a  section;  dislocations  sometimes  occur;  in 
such  cases  one-half  of  the  fibre  may  be  dislocated  upon  the  other  to  the 
distance  of  half  a  disk's  breadth ;  at  the  same  time  the  boundary  outlines 
between  the  principal  and  intermediate  substances  may  be  interrupted  or 
bent  at  an  angle.  Other  fibres  appear  transversely  and  longitudinally 
striated  ;  the  longitudinal  striation  at  one  time  passing  through  both  sub- 
st^inces,  at  another  being  confined  to  the  principal  substance  alone.  Again 
other  fibres  appear  only  longitudinally  striated,  and  others  still  are  neither 
transversely  nor  longitudinally  striated.  There  is  no  doubt,  however,  that 
all  these  conditions  belong  to  living  fibres.  The  wavy  motion  may  be  seen 
with  great  distinctness  in  a  fibre  which  is  neither  longitudinally  nor  trans- 
versely striated  ;  it  may  also  distinctly  be  seen  how  such  a  fibre  will  sud- 
denly take  on,  throughout  its  whole  extent  or  only  in  spots,  the  most  ele- 
gant transverse  striation,  and  then  afterwards  with  equal  suddenness  lose 
it.  I  can  only  compare  this  condition  of  things  to  the  picture  presented  by 
a  corps  of  infantry  actively  engaged  in  performing  their  evolutions,  when 
seen  from  an  elevated  position :  at  one  moment  it  presses  forward  in  more 
or  less  deep  colunms,  and  seems  to  be  composed  of  transveise  brand  of 
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unequal  breadth ;  the  next  it  forms  again  into  lines  which  stand  at  right 
angles  to  the  dii-ection  of  the  column ;  and,  finally,  it  forms  a  quadrangle, 
in  which  transverse  and  longitudinal  striations  disappear  at  one  moment, 
and  then,  in  the  next,  either  one  or  the  other  of  them  reappears.  It  is  clear 
that  such  manifestations  accord  best  with  the  idea  according  to  which  the 
muscle  is  composed  of  small  groups  of  disdiaclasts  and  a  fluid  inteimediate 
substance.  At  the  same  time  we  must  not  at  present  close  our  eyes  to  the 
fact  that  many  doubts  may  be  raised  against  this  way  of  viewing  the 
matter. 

It  seems  to  me  important  to  mention  also  those  researches  which  relate  to 
the  muscular  tissue  of  the  lowest  forms  of  animals.  Perhaps  the  researches 
made  in  this  department  will  some  day  settle  the  questions  more  decisively 
than  is  possible  by  investigations  among  the  Vertebrates  and  Arthropods. 
Inasmuch  as  I  have  made  no  investigations  myself  in  this  field,  I  shall  have 
to  follow  the  latest  publication  on  this  subject,  namely,  that  of  SchwaJbe;* 
I  would  also  recommend  the  perusal  of  this  work  to  all  those  who  are 
anxious  to  become  better  acquainted  with  the  subject  and  the  literature 
belonging  to  it.  The  following  points,  which  are  of  general  importance, 
are  the  only  ones  I  shall  take  from  this  account: — ^The  Coelenterata  are  the 
lowest  form  of  animals  in  which  transversely  striated  muscular  fibres  can 
be  found.  Max  Schultze,  Briicke,  and  Yirchow  have  seen  distinct  trans- 
verse striations  in  the  muscular  fibres  of  the  swimming-disk  of  Aurelia 
aurita,  and  Kolliker  in  the  fibre-cells  of  Pelagia  and  AgaJmopsis.  Further- 
more, according  to  the  observations  of  SchwaJbo  in  Ophiothrix  fragilis 
(Echinoderms),  the  muscular  cells  between  the  ambulacral  vertebrae  possess 
in  the  first  place  a  sarcolemma,  and  in  the  next  place  the  muscular  sub- 
stance appears  to  have  double  oblique  striations.  From  his  account  similar 
systems  of  lines  have  before  been  observed  by  Mettenheimer  in  the  muscles 
of  Arenicola  plscatorum  and  Nereis  succinea.  Mention  is  also  made  of  the 
same  appearances  in  the  description  of  the  Mollusks.  Another  important 
point,  which  was  observed  particularly  in  the  muscles  of  the  Nematoda  and 
Hirudinsea,  is  that  the  fibre-cells  are  composed  of  two  substances,  a  medul- 
lary substance  surrounding  the  nucleus,  and  a  cortical  substance  which  may 
be  decomposed  into  fibrilla.  This  observation  was  made  by  G.  Wagener 
on  cross-sections  of  dried  muscular  fibres  from  Aulosdoma  nigrescens. 
Schwalbe  corroborates  the  observation  on  Hirudo  medicinalis.  These 
observations  appear  to  me  to  be  especially  important,  because  they  indicate 
a  stage  of  development  in  Yertebrated  animals.  Finally,  I  would  call  atten- 
tion to  the  fact  that  Weissmann  f  has  subdivided  muscular  fibres  into  mus- 
cular cells  and  primitive  muscular  bundles,  a  subdivision  opposed  by  G. 
Wagener.J  Wagenor  held  that  the  fibrilla  was  the  primitive  element  of 
muscular  fibres. 

In  respect  now  to  the  development  of  muscular  fibres,  I  can  state  the 
case  in  a  very  few  words.  So  far  as  I  have  been  able  to  judge  from  my 
own  investigations  on  embryos  of  the  Babbit,  I  must  side  with  Kemak  and 
those  who  are  of  the  same  mind  with  him  in  the  view  that  a  muscular 
fibre  is  developed  from  a  cell,  which  in  the  first  place  assumes  the  shape  of 
a  spindle  and  increases  in  thickness ;  the  nuclei  then  multiply,  and  on  their 
outer  surface  is  developed  a  mantle  of  longitudinal  striations,  which  mantle 
serves  at  the  same  time  as  the  cortex  for  a  nucleated  and  granular  medul- 

*  Schnitzels  AroMv^  Bd.  5. 

f  ZeiUehriftfur  raUoneUe  Med.    1862  and  1864. 

t  ArMv  von  Beidhert,  eto.    1863. 
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lary  substance.  When  once  this  mantle  is  formed,  fibres  will  also  soon  be 
met  with,  in  which  the  mantle  is  likewise  transversely  striated.  It  would 
appear  then  as  if  each  spindle  cell  became  converted  gradually  into  muscu- 
lar substance,  in  the  direction  from  the  periphery  toward  the  centre.  It  is 
important  to  mention  that  the  first  trace  of  muscular  substance  in  the  fibre 
cells  appears  always  to  be  a  fibrillation.  It  should  also  be  mentioned,  how- 
ever, that  we  cannot  examine  such  fibres  in  an  entirely  fi-esh  condition.  If 
we  remove  them  from  living  embryos,  they  very  soon  die ;  hence  it  still  re- 
mains undecided  whether  the  muscular  substance  at  its  first  appearance 
really  is  fibrillated.  In  regard  to  the  formation  of  the  saroolenmia,  I  must 
state  that  I  was  unable  to  find,  in  the  course  of  its  development,  any  points 
which  would  justify  me  in  considering  it  as  a  cell-membrane.  On  the  con- 
trary, I  have  made  observations  which  render  it  very  probable  that  the  for- 
mation of  the  sarcolemma  is  to  be  referred  to  cells,  which  attach  them- 
selves to  the  muscular  cell  in  such  a  manner  as  to  stirround  it  like  a  sheath. 
If  for  instance  we  examine  a  specimen  of  muscle  taken  from  the  muscles  of 
the  trunk  in  a  Babbit's  foetus,  and  prepared  by  simply  tearing  it  apart,  we 
shall  find  that  the  muscular  fibres,  about  the  time  when  they  are  not  yet 
fully  developed,  and  are  therefore  still  either  homogeneous  in  appearance 
or  else  consist  of  cortex  and  medulla,  lie  embedded  in  heaps  of  small  cells ; 
we  shall  find,  furthermore,  among  the  isolated  fibres  some  to  whose  outer 
surface  more  or  less  prominent  nucleated  cells  are  attached.  It  can  also 
be  seen  how  the  body  of  such  a  cell,  in  an  optical  longitudinal  section  of  the 
fibre,  spreads  itself  out  along  the  edge  of  the  fibre  in  the  form  of  a  thin,  ex- 
tremely transparent  band,  presenting  the  appearance  of  a  section  of  the 
sarcolemma.  In  view  of  the  interpretation  now  given  of  Schwann's  sheath, 
and  also  in  view  of  the  circumstance  that  Schwann's  sheath  and  the  sarco- 
lemma are  sometimes  continiious  the  one  with  the  other,  it  is  not  improba- 
ble that  the  latter  is  formed  from  cells  which  have  placed  themselves  in 
apposition  with  the  surface  of  the  muscular  fibres.  It  should  however  be 
borne  in  mind  now  that  those  muscular  corpuscles,  which  are  found  be- 
tween the  sarcolemma  and  the  muscular  substance  proper,  may  very  well 
owe  their  oiigin  to  the  cells  we  have  just  spoken  oL  This  view  is  con- 
firmed in  the  first  place  by  the  circumstance  that  the  nuclei  of  the  young 
muscular  fibres  are  situated  in  the  medulla ;  secondly,  because  the  cortex 
of  the  muscular  cells  is  converted  into  muscular  substance  proper ;  and 
finally,  in  the  third  place,  by  my  observations  of  the  relation  of  the  em- 
bryonic muscular  cell  to  the  smaller  cells  which  attach  themselves  to  its 
surface.  According  to  this  view,  then,  the  superficial  muscular  corpuscles  of 
the  sarcolemma  should  perhaps  be  interpreted  as  connective-tissue  corpusdea 
I  must  however  embiuce  this  opportunity  to  state  again  that  the  connec- 
tive substances  and  muscular  tissue  are  to  be  referred  genetically  to  one 
and  the  same  source,  and  furthermore  that  it  will  not  do  to  draw  the  con- 
clusion from  my  view  of  the  superficial  muscular  corpuscles,  that  these  latter 
are  incapable  of  taking  part  in  the  regeneration  of  muscle. 

In  regard  to  the  development  of  nerve  tissue  it  is  only  quite  recently 
that  we  have  received  definite  information  through  the  investigations  of 
Babuchin.* 

*  It  was  a  part  of  the  original  plan  of  the  editor  to  publish  the  diaoiuaion  of  this 
question  in  connection  with  the  description  of  the  electrical  organ.  Prol  Babaehin 
nndertook  this  task,  and  made  several  visits  to  the  coast  of  the  Adriatic  for  the  por- 
poee  of  carrying  on  the  investigation.  This  year  however  Babaehin  found  it  neoes* 
sary  to  visit  Egypt  for  the  same  purpoee.  Inaamach  as  it  would  hardly  answer  to 
put  off  the  completion  of  the  manual  until  the  time  of  his  retom,  the  editor  prefers 
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The  results  of  his  investigations  *  show  that  no  essential  difference  exists 
between  the  minute  structure  of  axis  cylinder  processes  and  other  processes 
of  nerve  cells.  Embryonic  cells  are  the  best  objects  in  which  to  satisfy 
one's  self  that  the  axis  cylinder  process  has  no  connection  either  with  the 
nucleus  or  nucleolus.  The  embryonic  nerve  cells,  which  already  possess 
fully  developed  axis  cylinder  processes,  are  provided  with  a  very  large 
nucleus,  which  at  first  sight  appears  to  be  naked,  and  to  be  situated  directly 
upon  the  end  of  the  axis  cylinder,  like  the  head  of  a  pin  upon  the  shaft. 
On  closer  examination,  however,  and  with  a  good  magnifiying  power  we  can 
appreciate  the  &ct  that  the  large  nucleus  is  surrounded  on  all  sides 
by  a  very  narrow,  sharply  outlined  layer  of  protoplasm,  which  is  continuous 
with  and  constitutes  the  commencement  of  the  axis  cylinder.  At  its  com- 
mencement the  axis  cylinder  is  conical  in  shape  and  comparatively  thick, 
but  fEurther  on  in  its  course  it  grows  narrower,  usually  without  subdividing, 
and  passes  into  an  uncommonly  thin  fibril.  In  this  condition  it  passes  out 
from  the  cranial  cavity  of  the  embryo,  and  extends  even  to  the  remotest 
portions  of  the  same,  where  it  not  unfrequently  breaks  up  into  a  bundle  of 
extremely  fine  fibrils,  scarcely  visible  with  any  degree  of  distinctness  except 
with  a  Hartnack's  No.  15. 

to  doee  the  woik  with  the  matezial  already  at  hand.    The  investigations  of  Babu- 
ohin  will  appear  as  a  separate  pamphlet,  of  the  same  size  as  this  book. 

(Prof.  Strieker  writes,  under  date  of  June  14th,  1872,  that  Piot  Babuohin's  work 
is  not  yet  ready  for  publioation. — Editob.) 

*  CmtrtMaU,  1868. 
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L  On  the  Structure  of  the  Synovial  Mekbranes, 
Bt  Dr.  EDWARD  ALBEBT. 

We  obeexre  that  as  early  as  the  times  of  Bichat,  that  anthor  separated  the  synxh 
Tial  membranes  from  the  seroits  membranes  proper  and  grouped  the  former  in  two 
classes,  yiz. : — 

Ist.  The  capsoles  of  the  tendinous  sheaths  (synovial  oapsnles);  and,  2d,  the 
aynovial  membranes  of  the  joints. 

Since  that  time  no  effort  has  been  made  by  anatomists  to  attack  this  classification,  and 
the  aim  of  experiments  has  been  merely  to  discover  whether  an  epithelial  corexing 
similar  to  that  of  the  synovial  membrane  investiner  the  joints  existed  also  on  tiie  ar- 
ticular cartilages.  It  was  only  in  the  year  1866  that  Hftter  *  published  a  work,  the 
results  of  which  seemed  almost  to  exclude  the  aynovial  membranes  from  the  position 
which  had  so  long  been  claimed  for  them  in  the  catalogue  of  Human  membranes. 

uruided  by  the  results  of  the  silvering  method,  Hilter  denied  the  existence  of  an 
endothelium,  and  claimed  that  the  synovial  membrane  was  provided  externally  with 
a  peculiarly  modified  connective  tissue,  the  forms  of  which  sometimes  remind  one  of 
endothelium,  at  other  times  of  the  serous  canaliouli  in  the  cornea  (epithelioid  and 
keratoid  connective  tissue).  The  opposition  which  Von  Becklinghausen's  method 
met  with  from  Schweigger-Seidel  f  extended  also  to  the  views  maintained  by  Hiiter, 
while  Schweigger-Seidel  based  his  chief  argument  in  favor  of  an  epithelium  upon  the 
regular  arrangement  of  nuclei  on  the  surface. 

Landzert,  in  a  late  publication,  has  been  still  more  determined  in  maintisining  the 
existence  of  an  epithelium  (endothelium)  above  the  outlines  of  the  serous  cana- 
liouli. On  the  other  hand,  Bohm,  f  in  his  inaugural  dissertation,  accepts  all  of 
Hiiter* s  views  with  regard  to  the  tracings  in  the  i^ynovial  membranes,  as  brought  out 
by  the  silver  method,  and  still  further  extended  them,  for  examination  of  a  fresh 
specimen,  in  a  solution  of  common  salt,  led  him  to  believe  that  the  innermost  layer 
of  the  synovialis  was  a  layer  of  non-nuoleated  cell&§ 

If  we  take  whole  joints,  open  them  freely,  and  immerse  them  for  several 
days  in  a  solution  of  chromic  acid  (1  part  to  10,000,  or  perhaps  5,000),  we 
find  little  difficulty  in  bringing  into  view  complete  cells  on  the  innermost 
layer  of  the  synovial  membrane.  These  cells  are  made  still  more  distinct 
when  slightly  tinged  with  carmine,  and  are  then  observed  to  form  a  con- 
tinuous layer,  being  roimded  or  polygonal  in  form,  some  provided  with 
very  short  outrunners,  but  every  one  of  them  having  a  well-defined  granu- 
lar nucleus,  which  is  rounded  or  oval.  The  nucleus  sometimes  fills  almost 
the  entire  body  of  the  cell,  so  that  a  narrow  border  is  all  that  remains  to  be 
seen  of  this  substance ;  in  some  cases  the  nucleus  is  centrally  situated  and 
is  smaller,  while  the  cell-body  is  larger. 

By  this  method  of  investigation  it  was  ascertained  with  certainty  that 
the  innermost  layer  of  the  synovial  membrane  is  completely  invested  with 
nucleated  cells. 
•  It  is  very  remarkable,  further,  that  in  silver  preparations  we  detect  two 

*  Yirchow^s  Arohiv,  Bd.  36,  and  Klinik  der  (Jelenkkrankheiten,  1870. 
f  Arheiten  am  der  physiohgischen  Amtait  zu  Leipng^  1860. 
1  CentraMiUfur  medidnische  Wisseruehaftm.  1867.     No.  24. 
g  BeUrdge  eur  Anatomie  und  PatMogie  der  Cfdenke,  1868. 
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series  of  tracings  over  extensive  portions  of  the  synovial  membrane.  The 
figures  seen  in  the  upper  layer  correspond  quite  closely  with  the  outlines 
of  endotheliuHL  The  xmderlying  layer  shows  the  characteristic  vascular  net- 
work, with  long,  rhomboidal,  and  square  meshes,  the  serous  canaliculi  being 
intermediate. 

In  compaiing  this  view  of  the  case  with  Hater's,  the  difference  most 
.  difficult  to  reconcile  appears  to  be  as  to  the  figures  resembling  epithelium, 
which  Hiiter*  says  seem  to  lie  in  the  same  layer  with  the  keratoids  (serous 
canaliculi). 

If,  however,  we  have  convinced  ourselves  in  successful  preparations  that 
this  is  not  universally  the  case,  then  we  are  readily  tempted  to  regard 
Htlter's  views  as  erroneous  (Landzert),  and  to  hold  the  synovial  mem- 
branes for  simple  serous  membranes.  But  as  we  proceed  further  in  our 
investigations,  it  becomes  more  apparent  that  the  superficial  irregular 
(keratoid)  tracings  cannot  be  the  outlines  of  iU-formed  endothelium,  and  it 
becomes  clear  that  though  figures  resembling  endothelium  occur  throughout 
the  greater  portions  of  the  synovial  membranes,  still  in  certain  places  they 
are  uniformly  absent,  and  for  those  places  Huter's  statement  is  doubtless 
true. 

In  what  special  localities  this  occurs  may  be  stated  in  a  general  way,  as 
for  instance :  If  we  take  the  highest  point  of  an  articular  head  of  bone, 
taking,  for  example,  the  head  of  the  humerus,  and  regarding  it  as  a  pole,  we 
fipd  about  it  round  cartilage-cells  which  in  Adults  are  separated  from  one 
another  by  broad  bands  of  intercellular  substance,  but  in  Children  are  so 
near  together  that  the  intercellular  substance  only  represents  narrow  reti- 
culated cords  between  the  cells,  causing  in  this  way  an  appearance  similar 
to  epithelium.  In  approaching  the  equator  of  such  a  sphere,  cells  become 
visible  which  show  angular  contours  and  short  single  outrunners.  Further 
on,  the  cartilage  ceUs  are  multipolar,  the  single  outrunners  are  proportion- 
ately very  long,  branched,  and  anastomose  with  one  another.  Proceeding 
in  this  way  so  far  as  the  insertion  of  the  capsule,  we  encoimter  a  zone 
where  the  cartilage  cells  gradually  pass  over  into  connective  tissue  cells. 
Bohm  has  laid  great  weight  on  the  bearing  this  circumstance  has  upon 
our  conception  of  the  serous  canaliculi.  I  wish  merely  to  call  to  mind  the 
fact  (in  opposition  to  Bohm)  that  the  appearance  of  the  stellate  cartilage 
cells  is  associated  with  proximity  to  the  insertion  of  the  synovial  mem- 
brane, and  not  with  mechanical  relations  of  the  cartilage  (absence  of 
rubbing,  etc.). 

Here  we  encounter  the  synovial  membrane,  for  we  immediately  perceive 
vessels,  some  forming  arcades  and  others  i>enetrating  downwards  and  en- 
closing the  serous  canaliculi  between  their  meshes.  It  is  impossible,  how- 
ever, to  detect  any  lamina  of  cells  overlying  them.  It  is  only  at  the  point 
where  the  synovial  membrane,  as  a  distinctly  recognizable  sheath,  leaves  the 
cotyla  and  passes  over  the  head  of  the  joint  that  the  superficial  epithelial- 
Uke  tracings  become  apparent. 

Still  we  find  in  synovial  membranes  a  zone,  the  zone  of  attachment,  which 
in  one  direction  forms  a  gradual  transition  into  cartilage  and  in  the  other 
into  a  serous  membrane.  The  question  now  arises  whether  outside  of  this 
zone,  or,  stating  it  more  distinctly,  whether  between  the  two  zones  of  attach- 
ment (since  the  synovialis  is  stretched  out  between  two  lines  of  bones), 
the  membrane  retains  the  character  of  a  serous  membrane,  in  a  strict  sense. 
Whether  we  find  the  differences  important  enough  to  separate  the  synovial 

*  Loa  dt  p.  48. 
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membranes  from  the  serous  depends  upon  the  way  in  which  we  look  at  the 
matter. 

The  following  points  of  differentiation  present  themselves :  first  of  all,  we 
recognize  in  the  most  successful  preparations  of  synovial  membranes  that 
the  framework  of  cementing  substance  does  not  always  present  such  deli- 
cate, uniformly  broad  liues  as  the  serous  membranes;  further,  that  the  size 
and  configuration  of  the  cells  and  character  of  their  nuclei  vary  more  con- 
siderably in  the  former  than  in  the  latter ;  secondly,  we  find  in  most  joints 
and  in  many  sheaths  of  tendons  villosities.  I  have  also  made  similar  ob- 
servations in  the  articulations  of  new-bom  Children.  Kilter  has  given  an- 
other differential  point,  viz. :  that  the  vessels  of  the  synovial  membrane  lie 
naked.  This  distinction  would  certainly  be  of  diagnostic  importance ;  but 
HUter's  statement  is  not  thoroughly  correct.  Where  the  stratum  of  over- 
lying cells  lies  upon  the  serous  canaliculi  they  are  extended  over  the  vessels  ; 
and  yet,  as  it  seems  to  me,  Kilter's  statement  that  the  cells  under  discussion 
were  to  be  separated  from  the  endothelia  was  chiefly  based  on  the  ground 
that  in  the  Frog,  where  the  endothelia  are  so  developed,  similar  cells  do  not 
appear  on  the  inner  side  of  the  articulation,  but  cells  whose  entire  character 
harmonizes  with  the  epithelial  cells  of  Mammals. 

Bi'tlun  has  further  pointed  out  that  in  the  serous  membranes  proper  the 
epithelial  layer  never  overlays  fat  when  it  occurs,  while  in  synovisJ  mem- 
branes it  does  so ;  he  also  mentions  the  circumstance  that  the  superfidaJ 
cells  cannot  be  pencilled  off  with  the  brush.  As  for  the  first  of  these 
points  it  must  be  remembered  that  the  endothelial  tracings  extend  over  the 
fat-cells.     My  statements  are  as  follows : — 

In  opposition  to  Huter ;  that  the  synovial  membrane  of  joints  has  two 
layers,  one  of  overlying  cells  and  another  of  serous  canaliculi. 

In  opposition  to  Bohm ;  that  the  cells  of  the  foimer  layer  are  nucleated. 

In  opposition  to  Schweigger-Seidel ;  that  the  arrangement  and  configura- 
tion of  the  nuclei  corresponds  in  exceptional  instances  only  with  his 
drawings. 

The  relation  between  articular  membranes  and  ligaments  is  curious,  as 
shown  in  the  knee,  shoulder,  and  hip-joints.  None  of  the  ligaments  on  the 
side  turned  toward  the  articular  cavity,  where  one  would  naturally  expect  a 
separation  from  the  synovial  membrane,  have  any  covering  of  epithelial  cells. 
On  the  contrary,  the  surfaces  show  the  same  markings  as  on  the  surface  of 
the  tendons,  when  they  lie  free  in  their  synovial  sheath.  The  view  that  a 
closed  sac  invests  the  entire  cavity  of  the  joint,  is  not  correct. 

The  layer  of  serous  canaliculi  in  the  synovialis  is  remarkable  for  ex- 
treme richness  in  these  channels. 

That  it  contains  cells,  or,  perhaps  more  properly,  nuclei,  is  shown  by 
employing  the  gold  or  chromic  acid  method ;  still  it  is  somewhat  difficult 
to  obtain  convincing  proof.  The  form  of  these  plasmatic  channels  embraces 
various  t3T)es. 

Bbhm  was  the  first  who  claimed  for  the  blood-vessels  that  they  open  into 
the  serous  canaliculi,  and  that  the  spaces  in  which  the  blood-vessels  lie 
actually  communicate  with  the  serous  canaliculL 

Hiiter  asserted  that  he  had  never  observed  such  conditions  in  the  lym- 
phatic system ;  that  only  in  inflammation,  when  the  tension  of  the  subsyno- 
vial  lymph-paths  becomes  considerable,  occurrences  of  this  kind  sometimes 
exist.  Landzert,  on  the  other  hand,  states  that  by  employing  his  silver- 
method  the  lymphatics  are  brought  into  distinct  view. 

I  have  not  ha!d  similar  success.  Once  only,  in  the  knee-joint  of  the  Hog, 
I  found  distinct  tapering  lymph-spaces  closed  with  endothelium,  and  covered 
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by  an  epithelial  layer.  Spaces  with  similar  outlines  are  also  frequently  found 
in  Man,  but  I  have  never  vet  succeeded  in  discovering  endothelia  in  thenu 
It  is  possible  that  some  of  them  were  lymphatic  vessels,  but  this  much  is 
certain,  that  most  of  these  clear  spaces  are  only  depressed  folds  in  which 
the  silver  does  not  penetrate.  The  folds  rise  into  marked  prominence  by 
the  silver  method,  and  it  is  demonstrable  that  the  white  spaces  resembling 
lymphatics  only  correspond  to  the  folds  that  are  seen  with  the  naked  eye. 

The  S3movisJ  membranes  of  the  sheaths,  objects  easily  examined,  have 
the  following  structure:  The  basis  structure  of  the  duplicatures  is 
formed  of  fibrillated  connective  tissue,  in ,  which  cartilage-cells  are  em- 
bedded at  certain  regular  points.  Above  are  the  serous  canaliculi  pre- 
serving the  same  arrangement  and  form  as  in  the  articular  membranes ;  in 
Bome  places  the  network  of  the  basis  substance  is  so  narrow  as  to  recall  to 
our  mind  epithelial  formations.  Closer  examination,  however,  teaches  that 
the  same  relations  exist  here  as  in  the  zones  of  attadiment  of  the  articular 
synovial  membrane.  The  structures  under  discussion  lie  in  the  same  plane 
with  the  most  clearly-marked  branching  figures,  and  one  can  easily  see  how 
the  lines  of  the  basis  substance  widen  and  form  a  gradual  transition  into 
broad  colored  fields  of  the  same  substance.  Apart  from  the  cartilage-cells, 
the  lamella  passing  over  to  the  tendon  as  meso-tendons  have  the  same 
structure. 

Finally,  the  inner  wall  of  the  fibrous  sheath  has  the  same  structure  as 
the  surface  of  the  tendons ;  and  in  alluding  to  the  latter,  I  could  only  repeat 
what  Yon  Recklinghausen  has  stated. 

The  inner  wall  of  the  typical  mucous  cyst,  too,  of  which  I  examined 
several  in  Man,  presents  the  same  structure ;  the  same  is  true,  too,  of 
congenital  mucous  cysts,  as  far  as  can  be  stated  with  probability,  relying 
upon  but  a  simple  observation. 

Since  the  latter  are  clearly  developed  out  of  interspaces  in  connective 
tissue,  we  have  perceived  that  in  the  synovial  cavities  there  is  really  a 
transition  from  simple  connective-tissue  meshes  to  such  highly  organized 
cavities  that  they  rank  next  in  order  to  the  serous  ones. 

n.  Ok  the  Non-pedukculate  Hydatids. 
By  Dr.  ERNST  FLEISOHL. 

The  following  anatomical  facts  may  be  regarded  as  definitely  ascertained 
from  what  has  been  regarded  as  a  thorough  investigation  into  the  structure 
of  tJiis  body.     They  are  as  follows,  viz. : — 

In  the  furrow  between  the  testicle  and  head  of  the  epididymis,  an  oi^gan 
is  observed  in  Man  which  never  reaches  a  greater  size  than  two  peas,  nor  is 
ever  entirely  absent ;  it  was  formerly  described  and  well  known  as  ^^  Mor- 
gagni^s  Non-pedunculate  Hydatid,"  and  was  held  by  Krause  as  the  analogue 
of  the  intestinal  appendix  epiploica. 

This  structure,  consisting  of  nucleated  connective  tissue,  and  traversed  by 
nerves,  blood-vessels,  and  broad  lymph-spaces,  is  clothed  superficially  with 
a  layer  of  ciliated  epithelium,  which  extends  also  into  the  broad  saocidated 
depressions  of  the  surface,  which  are  very  numerous,  and  extend  from  the 
very  apex  of  the  organ  into  its  interior.  At  the  base  of  the  organ  a  con- 
tinuous, mostly  irregular  line  extends,  which  is  frequently  to  be  seen  by  the 
naked  eye,  and  represents  the  boundary  between  the  proper  epithelium  of 
the  mucous  membi*ane  and  the  serous  flattened  epithelium  (endothelium)  of 
the  visceral  layer  belonging  to  the  tunica  vaginidis  propria,  just  as  in  the 
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free  border  of  the  abdominal  mouth  of  the  Fallopian  tube,  or  at  the  base  of 
the  ovary,  a  line  forms  a  sharp  boundary  between  the  peritoneal  and  ger- 
minal epithelium.  Further,  near  the  base  of  the  organ  a  canal  commences,  for 
whose  uniform  existence,  however,  I  cannot  vouch,  but  which  extends  to- 
wards the  tunica  albuginea  testis,  and  occasionally  even  penetrates  deep  into 
its  substance.* 

The  wall  of  this  canal  consists  of  the  following  coats :  First  of  all  comes 
a  cylindrical  tube  of  closely-knit,  generally  circular  connective-tissue  fibres ; 
then  follows  a  thick  lamina  of  loose  connective  tissue,  which  rises  into  the 
lumen  as  broad  prominent  longitudinal  ridges,  which  in  the  axis  of  the 
canal  almost  touch  by  their  summits,  and  form  between  them  deep  depres- 
sions ;  most  internally  there  is  a  layer  of  cylindrical  epithelium,  which  very 
probably  supports  cili».  The  analogy  of  this  entire  apparatus  with  those 
portions  of  the  female  organs  which  are  developed  out  of  the  upper  end  of 
the  layer  of  germinal  epithelium  is  a  clear  one,  and  the  microscopical  sec- 
tions of  this  canal  and  of  the  tube  are  so  similar  that  they  may  easily  be 
mistaken  one  for  the  other. 

*  I  did  not  mention  this  canal  in  my  preyiona  article  on  '*  The  Non-pednncnlate 
Hydatids  (GentralbL  1871,  Na  9),  though  I  knew  of  it  at  that  time.  Soon  after 
pnblifihing  this  article,  however,  Professor  Waldeyer  was  kind  enough  to  aoqoaint  me 
by  letter  with  his  views  aa  to  the  significanoe  of  the  organ,  which  he  himaelf  had 
examined  in  the  mean  while.  This  letter  contains,  among  other  things,  a  moat  minnte 
description  and  highly  probable  explanation  of  the  nature  of  the  canal. 
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Page  514.  In  the  *'  pzlokiiig  method  "  or  method  of  *'  injection  by  ponoture  *' 
{vide  chap,  zzzvi  ;  vili,  page  937),  a  cataract  needle  is  inserted  beneath  the 
surface  and  pushed  obliquely  forwards  until  it  reaches  the  region  whose  lymph- 
vessels  it  is  intended  to  inject;  the  needle  is  then  withdrawn  and  the  delicate 
nozzle  of  the  qrringe  is  made,  by  a  gentle  rotatory  motion,  to  follow  the  same  track. 
Instead  of  a  ligature  the  tissues  around  the  point  of  entrance  of  the  nozzle  may  be 
pressed  firmly  against  the  latter  by  the  fingers.  In  this  way  the  injected  material, 
cautiously  driyen  out  under  a  steady  but  moderate  pressure,  often  finds  its  way  into 
the  wounded  lymph-Teasels  of  the  part  (For  details  in  regard  to  this  process, 
oonsolt  Frey^s  Histology  and  Technology.) 
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Abducbns,  ozigin  of,  735. 

AcoesfloiinB,  ozigin  of,  747. 

AcoBticnB,  origin  of^SO. 
Distribntion  of —  Vide  Ear. 

Albnginea  of  organs— Fuie  each   organ 
separately. 

Alveoli  of   organs—  Vide  each  organ  se- 
parately. 

Amosboid  cells —  Vide  Cells. 

Ampullffi —  Vide  Ear  and  Sexual  organs  of 
the  female. 

Anastomoses    of    ganglia—  Vide   Nerve 
tissae. 

Aquseductus  ooohles  and  vestibnli —  Vide 
Ear. 

Aqueous  humor —  Vide  Eye. 

Anrector  pili—  Vide  Hair. 

ArteriiB  helioinsB —  Vide  Sexual  organs  of 
male. 

Arteries—  Vide  Circulation. 

ArteriolsB  rectse—  Vide  Urinary  apparatus. 

Auditory  nerve —  Vide  Ear. 

Auditory  hairs —  Vide  Ear. 

Axis  oylinder  processes —  Vide  Nerve  tis- 
sue. 

Axis  fibres —  Vide  Nerve  tissue. 

Axis  fibrill» —  Vide  Nerve  tissue. 

B. 

Bartholine*s  glands— 7k20  Sexual  organs 
of  the  female. 

Basilar  membrane  of  eggs —  Vide  Sexual 
oigans  of  the  female. 

Basilar  membrane  and  basilar  process  of 
Corti's  organ — Vide  Ear. 

Beaker  cells—  Vide  Cells. 

Bed  of  the  nail— Ficitf  Nail. 

Blood,  263. 
Plasma,  263 ;  red  blood  corpuscles,  263 ; 
form  and  color,  264  ;  size,  267 ;  num- 
ber, 269 :  alterations  due  to  various 
causes,  269:  opinions  respecting 
structure,  283 ;  haemoglobin  crystals, 
286;  globulin  and  paraglobulin,  288; 
white  blood  corpuscles,  288  :  devel- 
opment of  the  blood  corpuscles,  291. 

Blood-vessels— Tiidtf  Circuhition. 

Blood  corpuscles— Ftltitf  Blood. 

Blood  crystaUh-  Vide  Blood. 


Bowman's  glands—  Vide  SmelL 
Bowman's  larnellaft  of  the  cornea — Vide 

Bye, 
Bowman's  disks  and  saroous  elements — 

Vide  Muscular  tissue. 
Brain,  650. 

General  view  of  the  construction  of  the 
brain,  650 ;  gray  masses  divided  in- 
to four  categories,  651 ;  projection- 
system,  653. 

The  cerebral  lobee^  657;  the  common  or 
five-strata  type  of  tiie  cortex  cerebri, 
660 ;  type  of  the  occipital  extremity, 
666 ;  type  of  the  fossa  Sylvii,  666 ; 
the  ammon's-hom  formation,  668; 
formation  of  the  bulbus  olfactorius, 
670. 

The  baeia  erurie  cerebri  cmd  its  ganglia, 
681 ;  ganglia  of  origin,  681,  684 ;  gray 
substance  of  Soemmering,  686. 

The  tegmerUtim  cruris  cerebri  with  its 
ganglia,  687 ;  origin  from  the  thala- 
mus opticus,  687;  from  the  corpus 
quadrigeminum,  697 ;  from  the  cor- 
pus geniculatnm  externum,  697 ; 
from  the  pineal  gland,  700 ;  from  a 
ganglion  embedded  in  the  crural  sling. 
689 ;  difference  between  ganglia  of 
basis  cruris  and  ganglia  of  t^g^entnm, 
709. 

The  region  occupied  by  the  passage  of 
the  processus  cerebeUi  ad  pontem 
through  the  projection  system,  710; 
general  form  and  characteristics,  710 ; 
the  processus  cerebelli  ad  cerebrum 
with  the  velum  medullare  anterius, 
711 ;  the  processus  cerebelli  ad  pontem 
with  continuation  of  basis  cruris  cere- 
bri, 714 ;  pedunculi  cerebelli  inferio- 
reswith  continuation  of  the  tegmen- 
tum, 716  ;  posterior  tract  of  the  pro- 
jection system,  717. 

Origin  of  the  olfaotorius,  671 ;  of  the 
opticus.  688 ;  of  the  oculo-motorius, 
703 ;  of  the  trochlearis,  703 ;  (com- 
mon nucleus  of  the  oculo-motorius  and 
trochlearis,  702) ;  of  the  trigeminus, 
704,  732:  of  the  abducens,  735;  of 
the  facialis.  737  ;  of  the  nervus  au- 
ditorius,  739;  of  the  gloesopharyn- 
geus,  vagus,  luid  aocessorius,  747 ;  of 
the  hypQglossns,  748. 
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Oerebdlmn,  751 ;  cortex  oerebelli,  752 ; 
nadens  dentatos,  752 ;  nncleuB  teg- 
menti,  754 ;  fibzsB  propria,  754 ;  pio- 
ceesuB  cerebelli,  755. 
Transitianfrom  structural  type  ofoUan- 
gata  to  that  of  spinal  cord,  758 ;  en- 
dofiure  of  central  canal,  759  ;  deoos- 
sation  of  pyramids,  762. 

Bronchial  tabes — Vide  Bespiratory   ap- 
paratus. 

Bnidi^s  aggregate  glands —  Vide  Eye. 

jBrunner's    glands-— Fuid    Digestive   ap- 
paratus. 

Bnrdach's  slender  oolmnns,  630. 


Ganalis  centralis  medullaris,  640. 

Ganalis  centralis  modioli —  Vide  Ear. 

Ganalis  cochlearis —  Vide  Ear. 

Ganalis  intra-  and  ixiiter-lobalaris  of  the 
liver —  Vide  Digestive  apparatus. 

Ganalis  Petiti—  Vide  Eye. 

Ganalis  reuniens —  Vide  Ear. 

Ganalis  Schlemmii —  Vide  "Eye, 

Gapillary  vessels —  Vuie  Gircolation. 

Gapillary  vessels  of  organs — Vide  indi- 
vidual organs. 

Gapsula  Glis»>nii  of  the  liver —  Vide  Di- 
gestive apparatus. 

Gapcroda  lentis—  Vide  Eye. 

Garotid  glands —  Vide  Girculation. 

Gavemous  vessels,  209. 

Geils,  25. 
General  characters  of,  25 :  indepen- 
dence of,  25 :  ideal  type  of  a  cell,  27 
physiological  peculiarities  of,  30 
phenomena  of  movement  in  cells,  31 . 
changes  in  form,  33;  mechanical 
influences,  36 ;  electrical  stimuli,  36 ; 
nervous  excitation,  37 ;  chemical  sti- 
muli, 38;  metamorphosis  of  tissue, 
39  ;  structure  of  cells,  40  ;  nucleus 
of  cells,  42 :  cell-genesis,  44,  1079 ; 
forms  of  cells.  48 ;  union  of  cells  with 
each  other,  49 ;  classification  of  cells, 
60;  formative  activity,  51;  changes 
of  cells  in  death,  51. 
Adventitia  cells,  202:  amosboid  cells, 
57:  cup  cells,  888;  beaker  cells, 
441 ;  connective-tissue  cells.  56 ; 
blood  cells,  elementazy  ceUs  or 
white  blood  corpuscles,  288;  colos- 
trum cells,  580 ;  cylinder  cells,  786  ; 
cover  cells,  781 ;  egg  cells,  516 ;  ele- 
mentary cells,  288  ;  epithelial  cells — 
Vide  individual  oigans ;  fat  cells  in 
connective  tissue,  81 ;  ciliated  cells, 
48 :  forked  cells,  787 ;  ganglion  cells, 
133 ;  auditory  cells,  1^ ;  gustatory 
cells,  128.  781 ;  hair  cells  of  Gorti's 
ozgan,  1027,  1028 :  hair  cells  of  the 
hair,  560  *  cup  cells,  786 :  cartilage 
cells,  83,  91 ;  grain  cells,  518  ;  gran- 
ule cells,  513  ;  liver  cells,  414  ;  lymph 
cells,  284;  muscular  fibre  ceUs,  143 ; 


muscle  cells  of  the  heart,  180 ;  nerve 
cells,  633  ;  nerve  cells  of  the  ^ympa- 
thetio,769;  olfactoiy  cells,  128,  794; 
giant  cells  or  myeloplaxes,  115 ;  se- 
minal cells,  496 ;  salivary  cells,  296 ; 
stellate  cells  of  the  capUlaries,  206; 
prop  ceUs,  1028 ;  wandering  cells,  57 ; 
cell  nests,  774 ;  twin  or  double  cells 
of  Gorti's  organ,  1033. 

Gement  of  teeth—  Vide  Digestive  appara- 
tus. 

Gentral  canal,  640. 

Gerebellum—  Vids  Brain. 

Gerebro-spinal   nerves,  origin   of — Vide 
Brain. 

Gerumen—  Vide  Ear. 

Ghordsa  tendine»  oas^— Vide  Gircula- 
tion. 

Ghorda  tympani— 71kf0  Ear. 

Ghoroid —  Vide  "Eye, 

Ghorion — Vide  Sexual  Organs  of  the  fe- 
male. 

Ghyle,  242. 

Giliary  vessels —  Vide  Eye. 

Giliaiy  processes —  Vide  Eye. 

Giliaris  Bldani —  Vide  Eye. 

Giliary  muscle —  Vide  Eye. 

Giliaiy  nerves —  Vide  Eye. 

Giliated  cells—  Vide  Gells. 

Girculation,  179. 
Arteries^  194 ;  endothelial  tube  or  cell 
membrane,  192, 194;  external  vascu- 
lar coat,  192 ;  elastic  inner  coat,  194: 
fenestrated  membrane,  195 ;  internal 
fibrous  coat,  195 ;  mus^ar  coat,  196 ; 
external  elastic  coat  and  tunica  ad- 
ventia,  199 ;  vasa  vasorum  and  nerves, 
193. 
C<MnUarie8,  202;  intermediate  areas, 
206  ;  stroma,  205  ;  cells  of  the  adven- 
titia, 202;  passage  of  blood-oorpus- 
cles,  205 ;  stellate  cells,  206. 
Cavernous  vessels^  lacunar  hhod-patAs^ 
vasctdarplexuseSy  209 ;  Luschka^s  coc- 
cygeal gland,  211;  caudal  hearts, 
212 ;  carotid  glands,  212,  214L 
Heart,  179 ;  muscular  tissue,  179 ;  co- 
lumniB  came»,  182  ;  arrangement  of 
the  muscular  bands,  183;  fibrtms 
rings  of  the  heart,  183:  endocardium, 
184;  endothelium,  184;  Purkinje^s 
fibres,  185 ;  valves  of  the  heart,  185 ; 
chordjBB  tendineas,  185 ;  pericardium, 
186 ;  blood-vessels,  186 ;  lymphatics. 
186 ;  nerves,  186 ;  terminations  of 
nerves,  187. 
Olandtda  lymphaticoB^  235  *  cortical  and 
medullary  substance,  235  ;  trabecule, 
236,  239:  follicular  cords,  237; 
lymph  paws,  239. 
Li/n^hatic  foUides^    233;    reticalum, 

288  :  lymph  sinus,  234. 
Lymphatic  system^  215 ;  lymphatic  ves- 
sels, 216 ;  lyn^pb  hearts,  217 ;  lym- 
phatic capiUaries,  217 :  form  and  ar- 
rangement of  these,  217 ;  stmctore. 
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810 ;  relations  of  the  lymphatio  Tea- 
selB  to  the  Burroimding  tissne,  223 ; 
serous  canaUouli.  224 ;   periyascolar 
spaoes,  281. 
Thyroid  giand,  261. 
Thymus  gland,  258. 

Veifu,  200 ;  epithelial  lajer.  200  ;  elas- 
tic inteinal  membrane,  200 :  muscles, 
200 ;  tunica  adventitia,  201 ;  yalves 
of  the  veins,  201. 

Circulus  iridis,  major  et  minor —  Vida  E^e. 

Clarke's  pUlars,  642. 

Clitoris — Vide  Sexual  organs  of  the  fe- 
male. 

Coccygeal  gland,  211. 

Cochlea—  Vids  Ear. 

Cohnheim's  fields — Vide  Muscular  tissue. 

Collecting  tubes  of  kidney —  Vide  Urinaxy 
apparatus. 

Colostrum  corpuscles —  Vide  Sexual  organs 
of  the  female. 

Commissura  ant  and  post. —  Vide  Spinal 
cord. 

ConjunctiTa —  Vide  Eye. 

Cones  of  the  retina — Vide  Eye. 

Coni  yasculoai  of  the  testicle —  Vide  Sexual 
organs  of  the  male. 

Connective  tissues,  68. 

Connective  tissue  proper^  56;  con- 
nective-tissue cells,  56;  amoeboid 
cells,  57;  ordinary  cells,  60;  oell- 
nudeus,  58 ;  pigment  cells,  61 ;  vari- 
eties of  connective  tissue,  62 ;  plex- 
uses and  trabeculsB,  63  ;  Wharton's 
jelly-like  substance,  63,  80 ;  fibrillar 
conneotiTe  tissue,  67  ;  elastic  fibres, 
74;  retiform  or  areolar  connective 
tissue,  64 ;  distribution  of  the  fibril- 
lar connective  tisBue,  75;  develop- 
ment, 75 ;  fat  oells  in  connective  tis- 
sue, 81. 
CarOiage,  88;  true  or  hyaline  carti- 
lage, 83;  cartilage  cells,  83,  91 ;  car- 
tilage capsules,  87,  92:  fibro-carti- 
lage,  90;  fibrous  transformation  of 
the  matrix  of  hyaline  cartilage,  89, 
94 ;  parenchymatous'  cartilage,  91 ; 
development  of  cartilage,  91 ;  matrix 
of  cartilage,  92;  reticular  cartilage, 
90 ;  caldfled  cartilage,  94. 
Bime,  96;  structure  of,  96;  bone  can- 
aliculi,  96 ;  matrix  of,  96 ;  bone  car- 
tilage (ossein),  96;  earthy  matters, 
97 :  constituents  of,  97 ;  medulla 
ana  Haversian  canals,  98  ;  bone  1am- 
ellsB,  98 ;  Haversian  lameUao,  99 ; 
general  or  fundamental  lamelle,  99  ; 
I)eripheric  lamellie,  99  ;  bone  corpus- 
cles, 100;  bone  canaUculi,  101  ;  pri- 
moidial  and  secondary  bones,  102 ; 
Sharpey's  or  perforating  fibres,  102, 
112 ;  development  of  bone,  102  ;  in- 
traoartilaginous,  103 ;  periosteal,  109 ; 
intermembranous,  112;  points  of 
ossification,  103;  osteoblasts,  108; 
medulla  (young,  zed,  and  yellow), 


114;  periosteum,  110;  contents  of 
bone  cavities,  1 14 ;  growth  of  bone, 
110-113 ;  Myeloplaxes,  115. 

Cornea —  Vide  Eye. 

Corpora  cavernosa  ditoridis —  Vide  Sexual 
organs  of  the  female. 

Corpora  cavernosa  perns  ;  corp6ra  caver- 
nosa urethrsB —  Vide  Sexual  organs  of 
the  male. 

Corpora  Malplghii  of  the  spleen — Vide 
Spleen. 

Corpus  ciliare —  Vide  Ejye. 

Corpus  dentatum  of  the  cerebellum —  Vide 
Brain. 

Corpus  geniculatum—  Vide  Brain. 

Corpus  Highmori  of  the  testicle— Fie20 
Sexual  oigans  of  the  male. 

Corti's  organ—  Vide  Ear. 

Cowper's  glands —  Vide  Sexual  organs  of 
the  nuJe. 

Crystalline  lens—  Vide  'Eye, 

Cumulus  proligerus —  Vide  Sexual  organs 
of  the  female. 

Cuti»— TwfeSkin, 

Cylinder  ceUs—  Vide  Cells. 

testis  felleie  (gaU-bladder)— Fui^  Digest- 
ive apparatus. 

D. 

Dartos—  Vide  Sexual  oigans  of  the  male. 

Decussatio  pyramidum,  762. 

Deiters'  processes,  117. 

Demours'  membrane  (=membrBna  Desce- 
metii) —  Vide  Eye. 

Dentine —  Vide  Organs  of  digestion. 

Derma —  Vide  Skin. 

Descemet's  membrane —  Vide  "Eye. 

Development  of  the  simple  tissues,  1057 ; 
segmentation  and  formation  of  lay- 
ers, 1058 ;  segmentation  in  Batra- 
chia,  1058 ;  in  the  Fowl,  1065  :  in 
Fishes,  1074:  in  Mammals,  l676; 
morphological  value  of  the  germ  lay- 
ers, 1077;  formation  of  the  simple 
tissues  in  the  embryo,  1079. 

Diaphyses  of  bones —  Vide  Connective  tis- 
sues. 

Didymis  (=  testicle) —  Vide  Sexual  organs 
of  the  male. 

Digestive  apparatus,  294. 
SaUvary  glands,  294:  general  plan  of 
structure,  294;  the  alveoli,  294; 
salivary  cells,  296  ;  semi-lunar  body, 
297 ;  excretory  ducts,  298 ;  nerves, 
800;  regeneration  of  the  glandular 
epithelium,  311 ;  morphological  con- 
stituents of  saliva,  814;  changes 
caused  by  functional  activity,  816  ; 
stroma  of  the  salivary  glands,  818. 
Teeth,  821 ;  dentinal  teeth,  321 ;  den- 
tine ivory  (substan.  ebumea,  ebur), 
828 ;  dentinal  canals,  fibres  and 
sheaths,  828,  824;  interglobular 
spaces,  824 ;  enamel  (substan.  vitrea ; 
subst.  adamantina;  email),  826 ;  ena- 
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mel  nores  or  prisififl,  337;  catloala 
(peniBtent  oapsnle),  828;  cement 
(osteoid  sabstanoe;  omsta  febroaa, 
etc.))  328;  tooth  pulp,  or  matrix, 
329 ;  odontoblasts,  or  dentinal  cells, 
828,  829,  849 :  nerves  of  the  teeth, 
380;  gam,  380;  periosteum  of  the 
alveoli,  880 ;  development  of  teeth, 
831 ;  maxillary  ridge,  381 ;  enamel 
organ,  881 ;  dental  sac,  831,  887 ; 
enamel  germ,  882  ;  suooessive  teeth, 
887. 

InUsUnai  eancU,  842 ;  oral  cavity,  342 ; 
lips,  342 ;  mucous  membrane,  842 ; 
epithelium,  842;  glands,  842;  mus- 
cular tissue,  842;  frsenum,  846; 
papillaa  of  the  mucosa,  846  ;  the  tis- 
sue of  the  mucosa,  346;  mucous 
membrane  of  the  hard  palate,  847 ; 
velum  palati,  848 ;  mucous  mem- 
brane, glands,  and  musculature  of  the 
soft  p^ate,  348,  349;  the  tonsil, 
352. 

Tongue^  352;  papillse  filiformes,  fungi- 
formes,  and  droumvallatiB,  858 ;  epi- 
thelium of  the  tongue,  358 ;  septum 
cartilagineum,  853;  Nuhn's  glands, 
354 ;  saccular  glands,  354  ;  foramen 
csecum,  355  ;  lymphatics,  855  ;  mus- 
cular fibres,  856. 

Pharynx^  858 ;  epithelium  of  the  mu- 
cous membrane,  858 ;  glands,  860, 
861 ;  lymphatics,  860 ;  muscles,  860. 

(Esophagus^  861 ;  mucous  membrane, 
361 ;  muscularis  mucossB,  861 ;  con- 
nective tissue,  862  ;  nerves,  868  ; 
lymphatics,  864. 

Stoma^^  870 ;  mucous  membrane,  370  ; 
glandulsB  lentioulares  and  Peyer^s 
patches,  878 ;  nerves  of  stomach, 
378 ;  muscular  layer,  873  ;  tubular 
glands,  374. 

SmaU  intesUnSy  380;  muscular  coat, 
880;  mucous  membrane,  882;  villi 
of  small  intestine,  882  ;  lymph  folli- 
cles and  Peyer*s  patohes,  888 ;  Brun- 
ner^s  and  LieberkiLhu's  glands,  885 ; 
muscularis  mucossB,  887  ;  epithelium 
of  the  mucous  membrane,  888  ;  cup 
cells,  888  ;  nerves,  890. 

Large  intestine,  891;  mucous  mem- 
brane and  muscular  coat,  891,  892 ; 
nerves,  892.   Hectum,  892 ;  muscular 


coat. 


ligamenta     coll,     893 ; 


sphincter  mt.  et  ext.,  894;  mucous 
membrane,  894  ;  columns  Morgagni, 
895  ;  lymph  follicles  and  Lleberkah- 
nian  crypts,  395 ;  epithelium,  396. 

Blood-vessda  of  the  aUmentary  eanoL 
397. 

Idver,  407 ;  lobular  structure  of  the 
liver,  407 ;  central  veins  (venas  intra- 
lobularesseu  centrales),  407  ;  capsula 
Glissonii,  407;  intermediate  canal 
and  veins  (canalis  and  vena  interlo- 
bularis),  408 ;  liver  cells  and  capil- 


laries, 410 ;  gall-ductB  of  the  lobules, 
414;  principal  gall-ducts,  418;  gall- 
bladder, 421;  blood-vessels  of  the 
liver,  422 ;  lymph  vessels,  428  ;  con- 
nective tissue,  425  ;  nerves,  426. 

Dilatator  pupills—  Vide  "Eye. 

Disks— Fu^  Muscular  tissue  (striated). 

Discus  proligerus —  Vide  Sexual  organs  of 
the  fenuile. 

Ductus  bilif  eri  of  the  liver —  Vide  Dige»> 
tive  apparatus. 

Ductus  choledochus  —  Vide  Digestive  ap- 
paratus. 

Ductus  ejaoulator — Vide  Sexual  organs 
of  the  male. 

Ductus  lactif  eri —  Vide  Sexual  organs  of 
the  female. 

Duodenum —  Vide  Digestive  apparatus. 

Duvemey^s  glands  (=  Bartholine^s  glands) 
—  Vkie  Sexual  organs  ot  the  female. 


Ear,  950. 

External  ear,  950 ;  auricle,  950;  exter- 
nal meatus,  950 ;  Dovmy  haus  and 
ceruminous  glands,  951;  membrana 
tympani,  951  ;  sulcus  tympanicns, 
952 ;  layers  of  membrana  tympani, 
952;  blood-vessels  and  lymphatics, 
957;  nerves,  957. 

Middte  ear,  968  ;  tympanic  cavity,  963 ; 
mucous  membrane,  963 ;  fibrous 
framework  and  peculiar  bodies,  964 ; 
blood-vessels  and  lymphatics,  965; 
nerves,  966 ;  peculiar  cellular  bodies 
in  the  periosteum,  968 ;  ossieula,  969 ; 
cells  of  the  mastoid  process,  969. 

Eustachian  tube,  971 ;  osseous  portion, 
971 ;  cartilaginous  portion,  971 ;  mus- 
cular portion, '  973 ;  mucous  mem- 
brane, 974 :  safety  tube  and  accessory 
fissure,  97o  ;  nerves  and  vessels,  983. 

Membranous  labyrinth,  988 ;  topography 
and  histology^  983 ;  ligamenta  laby- 
rinthi  canalioulorum  et  sacculorum, 
986 ;  labyrinthine  waU,  989  ;  vessels 
of  the  membranous  labyrinth,  997; 
nerves  and  epithelium  in  the  ampul- 
l89  and  saccules,  998  ;  auditory  hairs, 
1001  ;  aquaaduotus  vestibuli,  1006; 
canalis  reunions,  1006 ;  otoliths,  1007; 
the  oval  window  and  its  connection 
with  the  base  of  the  stirrup,  1008 ; 
musculus  fixator  baseos  stapedis, 
lOU, 

Auditory  nerve  and  cochlea,  1013 ;  com- 
parative anatomy  and  embryology, 
1018 ;  modiolus,  lamina  spiralis,  1014; 
scala  vestibuli,  scala  tympani,  helioo- 
trema,  1015 ;  structure  of  the  coch- 
lea, 1016;  capsule  of  the  cochlea, 
1018;  membrana  propria  of  the 
ductus  cochlearis,  1018:  ductus  ooch- 
learis,  1020;  Reissner^s  membrane, 
1020,  1022 :  epithelial  lining  of  the 
ductus   cochlearis,    1026;    organ  of 
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Corti,  1026;  inner  hair  cells,  1007; 
outer  hair  cells  and  Henjien^s  prop- 
cells,  1028;  basilar  process,  1032; 
twin  cells  or  doable  cells  of  Corti's 
oigan,  1038;  ndembrana  tectoria, 
1084 ;  lamina  reticularis,  1035  ;  audi- 
tory nerve  and  its  relations  to  the  or- 
gan of  Gortl,  1088 ;  comparative  ana- 
tomy and  physiology  of  the  cochlea, 
1047 ;  Corti^s  oigan  and  the  retina, 
1048;  controversial  points  and  his- 
torical notes,  1050 ;  methods  of  in- 
vestigation, 1052  ;  table  of  measure- 
ments, 1058. 

Ebur  dentis — Vide  Digestive  apparatus. 

'Egg —  Vide  Sexual  organs  of  the  female. 

Elastic  fibres  and  bainds — Vide  Connec- 
tive tissues. 

Elastic  inner  tunic  of  vessels —  Vide  Cir- 
culation. 

Elementary  corpuscles —  Vide  Lymph. 

Elementary  cells  (=  white  blood  corpus- 
cles), 288. 

Enamel  of  teeth —  Vide  Organs  of  diges- 
tion. 

Endocardium —  Vide  Circulation. 

Endothelium —  Vide  Circulation. 

Epidermis —  Vide  Skin. 

Epididymis — Vide  Sexual  organs  of  the 
male. 

Epiglottis —  Vide  Respiratory  apparatus. 

Epithelia-^  Vide  individual  organs. 

Erectores  pili —  Vide  Hair. 

Eustachian  tube —  Vide  Ear. 

Eye,  802. 
Betina^  802;  nervous  elements,  808; 
nerve-fibre  layer,  805 ;  gangUon  cell 
layer,  808 ;  internal  molecular  layer, 
811 ;  layer  of  internal  granules,  812 ; 
Intergranular  layer,  818;  external 
molecular  layer,  818;  Hexile^s  exter- 
nal fibre  layer,  814 ;  layer  of  rods 
and  cones,  818 ;  external  segments  of 
the  rods  and  cones,  817;  inner  seg- 
ments, 822;  retina  of  different  ani- 
mals, 826:  pigment  layer  of  the 
retina,  881;  supporting  connective 
substance  of  the  retina,  888  ;  limitans 
interna  and  externa,  888;  radial 
fibres,  888;  macula  lutea  (yellow 
spot)  and  fovea  centralis,  887;  era 
serrata  and  pars  dliaris,  842;  deve- 
lopment of  the  retina,  845 . 
Tunica  vasoulom,  84B;  choroid,  848; 
ciliary  processes,  849 ;  corpus  dliare, 
849  ;  lamina  vitrea  (vitreous  or  basal 
membrane),  849  ;  vessels  of  the  cho- 
roid (membrana  Ruyschiana  and  tu- 
nica vasculosa  Halleri),  850  ;  ciliary 
muscle,  851 ;  annular  muscle  of  Miil- 
ler,  852  ;  the  nerves  of  the  choroid, 
858  ;  stroma  of  the  choroid,  854 ;  iris, 
855 ;  sphincter  and  dilator  of  the  pu- 
pU,  856. 
The  Uood-veaade  of  the  eye;,  858 ;  eystem 
of  retinal  yessels,   859;.   artena  et 


vena  centralis  retinsa,  859  ;  Zmn's  or 
Haller's  zone,  859  ;  ciliary  or  choroi- 
dal vascular  system,  801  ;  arteries, 
861  ;  veins,  862;  venss  vorticossB, 
862;  arteries  of  the  choroid,  864; 
arteries  of  the  ciliary  body  and  iris, 
864 ;  veins  of  the  choroid,  865  ;  ves- 
sels of  the  corneal  margin,  868 ;  ves- 
sels of  the  conjunctiva,  809. 

LympTiatica  of  the  eye^  869  ;  the  poste- 
rior lymphatics,  870 ;  outlet  for  the 
lymph  formed  in  the  choroid  and 
sclerotic,  870;  perichoroidal  space, 
870;  membrana  suprachoroidea,  870  ; 
Tenon^s  fascia  and  Tenon*  s  space, 
871 ;  supravaginal  space,  871 ;  lym- 
phatics of  the  retina,  871 ;  subvaginal 
space,  872 ;  anterior  lymphatics,  872 ; 
lymphatic  system  of  the  anterior 
chamber,  872 ;  canal  of  Petit,  872 ; 
Fontana's  space,  878 ;  canal  of 
Schlemm,  878 ;  lymphatics  of  the 
cornea,  916 ;  lymphatics  of  the  con- 
junctiva, 874. 

Viireous  body,  875;  membrana  hya- 
loidea,  876 ;  cells  of  the  vitreous 
body,  879 ;  zonula  Zinnii,  880. 

Lene^  881 ;  anterior  epithelial  layer, 
882 ;  fibres  of  the  lens,  888  ;  capsule 
of  the  lens,  889. 

Cornea,  890 ;  layers  of  the  cornea,  890 ; 
true  corneal  tissue,  892 ;  wandering 
cells,  898 ;  corneal  corpuscles,  898 ; 
behavior  of  the  corneal  corpuscles  in 
inflammation  and  the  origin  of  the 
wandering  cells,  900;  fibrillar  sub- 
stance of  the  corneal  tissue,  901  ;  on 
the  relation  of  the  cells  of  the  cor- 
neal tissue  to  the  basis  substance; 
the  interfibrillar  portion  of  the  basis 
substance  and  its  interstices,  Wl ; 
vessels  of  the  cornea,  916  ;  membrane 
of  Descemet,  918;  endothelium  of 
the  membrane,  919 ;  development  of 
the  corneal  layers  which  belong  to 
the  connective  tissue,  919 ;  external 
epithelium  of  the  cornea.  920 ;  nerves, 
928;  margin  of  the  cornea  (corneal 
groove,  limbus  oomen),  928. 

Conjunctiva.  980;  conjunctiva  palpe- 
brarum, 980 ;  plica  semilunaris,  980 ; 
fornix  conjunctivse,  935;  conjunc- 
tiva bulbi,  988 ;  papillse  of  the  con- 
junctiva, 986;  lymph  follicles  and 
lymph  paths  (trachoma  follicles, 
aggregate  glands  of  Bruch),  986; 
nerves,  940. 

EyeUde,  980;  tarsus,  030;  eyelashes, 
982 ;  sweat  glands,  982 ;  musculus 
sphincter  orbicularis  and  ciliaris  Ri- 
olani,  938;  Meibomian  and  other 
glands,  988. 

Tunica  ederotiea^  942 ;  lamina  cribroea, 
942 ;  nerves  of  the  sclerotic,  948. 

Lachrymal  gland,  944 ;  structure,  944  ; 
alveoli,  945 ;  lunula,  945 ;  membrana 
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propria,  945 ;  inteisfcioes  of  the  alve- 
oli,   947:     excretoiy     duets,    948; 

t\An^ 


nenres,  949. 


P. 


Facialis,  origin  of —  Vide  Brain. 

Fallopian  tubes,  619. 

Fat  in  oonnectiye  tissue — Vide  Gonnec- 
tiye  tissue. 

Fat  cells— Fm2«  Cells. 

Fenestra  ovalis,  rotunda —  Vide  Ear. 

Fenestrated  membrane,  195. 

Fibres,  elastic—  Vide  ConnectiTe  tissues. 

Fibro-cartilage—  Vide  Connectiye  tissues. 

Fimbria  oyarica—  Vide  Sexual  oigans  of 
the  female. 

Follicles  of  lymph-glands —  Vide  Circula- 
tion. 

Follicles,  Gn&fiasi—Vide  Sexual  oigans 
of  the  female. 

Follicles,  Malpighian^  Vide  Spleen. 

Follicles,  Peyerian —  Vide  DigeetiYe  appa- 
ratus. 

Folliculi  sebaoei  (sebaceous  glands) — 
VideS)diL 

PoUiculi  solitarii — Vide  Digestive  appa- 
ratus. 

Fontona^B  space—  Vide  Eye. 

Fornix  conjunctivsB—  Vid$  Eye. 

Furrow  of  the  nail,  565. 

a. 

Gall-ducts,  414,  418. 
GaU-bladder,  421. 
Ganglia —  Vide  Nerve-tissue. 
Ganglion  cells —  Vide  CeUs. 
Gklatinons  tissue,  63,  80. 
Germ  epithelium,  510. 
Germ  disk  or  hill,  515. 
Germ  spot,  vesicle,  yolk,  517. 
Giant  cells,  115. 
Giralde's  oigan,  585. 
Glandule  Bartholiniane,  602. 

Brunneriane,  885. 

Cowperi,  593. 

LieberklihnianflB,  385. 

Littrii,  604. 

lenticnlares,  873. 

Peyeriann,  373. 

salivales,  294 

solitarise,  373. 

TysonianiB,  600. 

utriculares,  609. 
Glans  penis  and  ditoridis,  600,  602. 
Giisson^s  capsule  of  the  liver,  407. 
GlobuUn,  288. 
Glomeruli  Malpighii,  471. 
Glossophaiyngeus,  origin  of —  Vide  Brain. 
Goll's  columns,  630. 
Graafian  follicle,  515. 
Gustatory  nerve—  Vide  Taste. 


Hssmoglobin,  288. 
Hair,  555. 


Hair  foUide,  555;  hair  papilla,  555; 
root  sheath,  557;  hair  shaft,  559; 
hair  root,  559 ;  Huxley's  sheath,  559 ; 
Henle^s  sheath,  560 ;  cuticula,  559 ; 
hair  cells,  560;  cortical  substance, 
559 ;  medullaiy  substance,  559 ;  de- 
velopment and  interchange  of  hair, 
563 ;  sebaceous  glands,  552 ;  erec- 
tores  pill,  555. 

HaUer*s  sone —  Vide  Bye, 

Haversian  canals,  99. 

Helicotrema,  1015. 

Heart,  179. 

Henle's  sheath,  560. 

Homy  layer  of  the  skin — Vide  Skin. 

Huxley's  sheath,  559. 

Hyaline  cartilage,  83. 

Hydatids  of  Morgagni,  491,  497, 1098. 

Hymen,  602. 

Hypoglossus,  origin  of —  Vide  Bndn. 


Infnndlbula,  437. 
Interglobular  spaces,  324. 
Interlobular  canals  of  the  liver,  408. 
Interlobular  veins  of  tiie  liver,  408. 
Intestines—  Vide  Digestive  apparatos.  . 
Intralobular  veins  of  the  liver,  407.  • 
Iris —  Vide  Bye. 

K. 

Kidney—  Vide  Urinary  apparatus. 
Krause's  corpuscles,  129. 

L. 

Labyrinth —  Vide  Ear. 

Lachrymal  gland —  Vide  Eye. 

Lamina  cribrosa —  Vide  l^e. 

Lamina  modioli —  Vide  Ear. 

Lamina  reticularis—  Vide  Ear. 

Tiamina  spinUis  of  the  organ  of  Gorti— 

Vide  Ear. 
Larynx,  428. 

Lens  cryBtalUna —  Vide  ESye. 
Lenticular  glands,  378. 
Lieberkiihn's  glands,  385. 
Ligamentum  oliare —  Vide  Ey& 
Ligamentum     pectinatum     iridia — Vide 

Eye. 
Ligamentum    spirale  of   the    cochlea— 

Vide  Ear. 
Liquor  folliculi  of  the  ovazy,  516. 
Littre's  glands,  604. 
Liver,  407. 
Locus  luteus,  =  regie     alfaotori^— Fm^ 

SmelL 
Lungs —  Vide  Respiratory  apparatus. 
Lymph  and  chyle,  242. 
Lymph  cells,  formation  of,  243. 
Lymph  vessels,  215. 
Lymph  glands,  235. 


Macula  germinativa=germ  apot,  517. 
Macula  Intea,  837. 
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Malpighian  glomeralns,  46L 

Malpighian  ooiposclea,  251. 

Malpighian  pyramids,  4SS, 

Mammary  gland,  576. 

Matrix  pili=hair  papilla,  655. 

Meatus  anditorius  ezt  et  intemna —  Vide 
Ear. 

Medulla  oblongata,  768. 

Medullary  radii  of  kidney,  460. 

Medullary  sheath  of  nerves.  118. 

Medullated  nerve  fibres,  117. 

Meibomian  glands —  Vtds  Eye. 

Meissner's  corpusdes,  561. 

Membrana  capsulo-papiilazis   (lenaa  cap- 
sule)—  Vide  Eye. 

Membrana  Desceme^  s.  Demoimdi —  Vide 
Bye. 

Membrana  granulosa  follicnli  Graaflanl, 
515. 

Membrana  hyaloidea —  Vide  Eye. 

Membrana  limitans —  Vide  Eye. 

Membrana    obtuxatoria  stapedis —  Vide 
Ear. 

Membrana  pigment! —  Vide  Eye. 

Membrana  propria  of  organs —  Vide  indi- 
vidual organs. 

Membrana  Beissneri —  Vide  Ear. 

Membrana  Buyschiana —  Vide  "Eje, 

Membrana  suprachorioidea —  Vide  Eye. 

Membrana  tectoria —  Vide  Ear. 

Membrana  tympani —  Vide  Ear. 

Membrana  vitrea  =  hyaloidea. 

Milk —  Vide  Sexual  organs  of  the  female. 

Modiolus —  Vide  Ear. 

Morgagnian  hydatids,  491,  497,  1098. 

Mouth,  caviiy  of —  Vide  Digestive  appa- 
ratus. 

MttUer's  duot,  491,  528. 

Miiller's  annular  muscle —  Vide  Eye. 

Muscular  tissue,  143. 

Organic  or  smooth  mtiseular  fbree,  143; 
Form  and  general  characteristics, 
143  ;  structure,  143  ;  nucleus,  145 ; 
connection  and  arrangement,  146 ; 
vessels,  147;  nerves,  147;  distribu- 
tion, 150. 
Striated  or  voluntary  mttseular  tiuue, 
178 ;  behavior  in  polarized  light,  178 ; 
muscular  fibres  and  nerves,  152; 
structure  of  transversly  striated 
muscular  fibres,  1082 ;  saroolemma, 

1082  ;  nuclei  or  muscular  corpuscles, 

1083  ;  Bowman^s  disks  and  saroous 
elements,  1083 ;  Cohnheim's  fields, 
1084 :  transverse  disk,  middle  disk, 
and  mtermediate  substance  of  Hen- 
sen,  1085  ;  muscular  prisms,  muscu- 
lar caskets,  basis  and  lateriU  mem- 
brane of  Erause,  1085;  muscular 
tissue  of  the  lowest  forms  of  ani- 
mals, 1087 ;  development  of  muscu- 
lar fibres,  1067. 

Myeloplaxes,  115. 

Nabothian  ovule,  614. 


Nails,  565. 
Kail-root,  566  ;  nail-bed,  666  -  rete  mu- 
coBum  of  the  nail-bed,  566  ;  matrix 
of  nail,  565;   development  of  the 
nail,  567. 

Nerve  cells —  Vide  Nerve  tissue. 

Nerve  tissue,  116. 
Structural  dements^  116 ;  nerve  fibres, 
116;  primitive  nerve  fibrillae,  117; 
protoplasmic  (Deiters^  or  ramifying 
processes  (M.  Schultze),  117:  axis- 
cylinder  processes,  or  naked  axis- 
cylindera,  117 :  pnmitive  fibril  bun- 
dles, 117 ;  medullated  nerve  fibres, 
117;  medullary  sheath,  118; 
Schwann's  sheath  (neurilemma), 
120 ;  axis-cylinder,  120 ;  non-me- 
dullated  nerve  fibres,  121 ;  Be- 
mak*s  or  non-medullated  sympathetio 
fibres,  121  ;  classification  of  nerve 
fibres,  123;  division  of  the  nerve 
fibres,  126;  termination  in  the  cor- 
nea, 127. 
Peripherie  termiTial  organs,  127 ;  olfac- 
tory cells  and  olfactory  hairs,  128 ; 
gustatory  cells,  128 ;  auditory  cells, 
128;  rods  and  cones,  128;  tactQe 
corpuscles,  128 ;  corpuscles  of  Vater 
or  Pacini,  129 ;  corpuscles  of  Krause, 
129 ;  termination  of  nerve  fibre  in 
muscle,  152;  nerve  terminal  plates, 
180,  162  ;  nerve  terminal  hill  or  emi- 
nence, 155 ;  terminal  nerve  bulbs, 
159 ;  electric  terminal  organs,  130  ■ 
termination  of  nerves  in  nucleoli  of 
epidermis  cells,  138. 
Origin  of  the  nerw  fibres  in  the  nerve 
centres^  133;  ganglia,  133;  spinal 
ganglia,  134;  sympathetic  ganglia, 
134 ;  processes  of  ganglion  cells,  184 ; 
fibrillar  structure  of  ganglion  cell 
substance,  135 ;  StiUing's  nudei, 
137 ;  small  nerve  cells  of  the  brain, 
139  ;  anastomoses  between  ganglion 
cells,  142 ;  formation  of  nerve  tis- 
sue, 1089. 

Neurilemma —  Vide  Nerve  tissue. 

Neuroglia,  626. 

Non-medullated  nerve  fibres,  121. 

Non-pedunculate  hydatids,  1093. 

Nose— FwfoSmea 

Nucleus   and   nucleolus    of   ceUs — Vids 
Cells. 

Nuhn's  glands —  Vide  Digest,  appar. 

Nymphffi —  Vide  Sexual  organs. 


Ooulo-motorius,  origin  of,  708. 
Ooulo-motorius  and  trochlearis,  commoo 

nucleus  of,  702. 
Odontoblasts,  828,  829,  849. 
(Esophagus,  36t 

Olftustorins,  expansion  of—  Vide  SmelL 
Olfactorius,  origin  of.  671. 
Opticus,  origin  of,  688. 
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Ora  aerrata  retinie—  Vide'Eye. 

Organic  masde —  Vide  Miuoalar  tissae. 

Osteoblasts —  Vide  CoxmeotiYe  tissaes. 

Otoliths—  Vide  Ear. 

Ovariaji  tabes —  Vide  Seznal  organs. 

Ovaiy,  510. 

Oynlam — Vide  Sexaal  organs. 

Ovalnm  NabotM —  Vide  Sexaal  oigana. 

P. 

Pacinian  body,  129. 

Palate,  848. 

Palpation  oorposoles,  551. 

Papillae  circmnvallato,  filif oimes  and  fan- 
gif  ormes —  Vide  Taste. 

Papillae  venales —  Vide  Urinazy  apparatns. 

PapillsB  of  the  hair—  Vide  Hair. 

Papillae  of  the  coriom —  Vide  Skin. 

Paraglobolin,  288. 

Paroarinm —  Vide  Sexual  oigans. 

Parepidid^is —  Vide  Sexaal  organs. 

Parotis — Vide  Digestiye  apparatos. 

Penis—  Vide  Sexaal  oivana 

Peziohoroideal  ^Mce—Vide  Eje. 

Pericardium —  Vide  Circulation. 

Periosteum —  Vide  Conneotiye  tissues. 

Perivascular  spaces —  Vide  Circulation. 

Petit's  canal—  Vide  £^e. 

Payer's  glands—  Vide  Digestive  appar. 

PiUara  of  Corti's  organ—  Vide  Ear. 

Phalanges  of  Corti^s  organ—  Vide  Ear. 

Pharynx—  Vide  Digestive  apparatua 

Pigment  cells,  61. 

Pigment  layer  of  the  retina —  Vide  Eye. 

Placenta —  Vide  Sexaal  organs. 

Plasma—  Vide  Blood. 

Plica  semilunaris  oonjunotivad—  Vide  Eye. 

Plicae  palmatae — Yide  Sexaal  organs. 

Primitive  nerve  fibrillas,  117. 

Primordial  eggs —  Vide  Sexaal  organa 

Processus  Giliares—  Vide  Bje. 

Prostate — Fidd  Sexaal  organs. 

Promontorium —  Vide  Ear. 

Protoplasma  prooessea— Fm20  Nerve  tis- 
sue. 

Pulpa  dentis,  820. 

Pulpa  lienis  (splenic  pulp),  261. 

Pulpa  piH—  Vide  Hair. 

Pupill&— FMJEtfEye. 

Pyramids  of  kidney — Vide  Urinazy  appa- 
ratus. 


Rectum,  892. 

Regie  olfactoria— FuZtf  SmeU 

Reissner's  membrane —  Vide  Ear. 

Remakes  fibres —  Vide  Nerve  tissae. 

Respiratory  appaiatua,  428. 
Larynx^  428;  framework,  428;  epi- 
glottis, 429,  480 ;  thyroid  cartilages, 
429;  cartilages  of  Wrisberg,  429: 
oartilago  Santorini,  429;  arytenoid 
caztilage.  429;  bands  of  connective 
tissae,  ^0:  articular  connections, 
480;  epitheliam,  480;  glands,  482; 


Tocal   chorda,   488;     veaseli,    485; 
nerves,  435. 
Tra4shea^    485;    glands,    vessels,    and 

nerves,  486. 
Lungs,  437;    bronchi,  489;    external 
fibrous  layer,  489 ;  muacular  layer, 
440  J  inner  fibrous  layer,  441:    epi- 
thehum,  441 ;  smallest  bronchi,  442: 
vessels  and  nerves,  448 :  alveoli  and 
infundibula,  443,  444 ;  lobules,  443 
respiratory  capillary  network,  445 
lymph  vessels,  446  ;  epithelium,  446 , 
lungs  of  Birds,  449;  lungs  of  Reptiles 
and  Amphibia,  45» ;  lungs  and  air- 
bladder  of  Fishes,  456. 

Rete  Malpighii,  547,  548. 

Reticular  <»rtilage,  90. 

Retif  orm  connective  tiasae,  64 

Retina —  Vide  Eye. 

Rods  of  the  retina — Vide  E|ye. 

Rolando^s  substantia  gelatinoA   of  the 
spinal  cord,  625,  632,  648. 

Rosenmiiller's  organ—  Vvie  Sexaal  orgina. 

Ruysch's  membrane —  Vide  ^e. 


Salivary  glands,  294. 

Sarcolemma,  1082. 

Sazoous  elements,  1088. 

Soala  media  tympani —  Vide  Ear. 

Schlemm's  canal—  Vide  ]^. 

Schwann*B  sheath,  120. 

Sclerotica —  Vide  Eye. 

Scrotum —  Vide  Sexual  oigana. 

Sebaceous  glands,  552. 

Semicanalis  tensoris  tympani—  Vide  Eaz: 

Serous  canaliculi,  224. 

Serous  exudation,  245. 

Serous  membranes,  569. 

Sexual  organSb 
ira20«i;^0ma^582,  491. 
TeeUdey  491 ;  tunica  vaginalis  propria 
(tunica  albuginea  and  tunica  adnata), 
491 ;  corpus  Highmori,  492;  organ  of 
Giraldds,  492 ;  epididymis,  493 ;  hyda- 
tids of  Morgagni,  491, 497, 1093  ;  Hol- 
ler's duct,  491 ;  WoUBan  body,  492, 
585 ;  septula  testis,  492 ;  czemasterin- 
temus,  492 ;  tunica  dartos,  48@  ■  s^ 
turn  scroti,  492 ;  structare  of  the  se- 
minal tubules  (rete  testis,  ooni  vascu- 
losi,  vasa  abezrantia),  492;  cellular 
contents  of  the  seminal  tubules,  495 ; 
various  forms  of  seminal  elements, 
497 ;  development  of  the  seminal  ele- 
ments, 508 ;  vessels  and  nerves  of 
the  testide,  508. 
Vas  dtfereM,  582 ;  mucous  membrane, 
582;  muscular  tonic  and  cremaster 
intemus,  588 ;  adventitial  tunic,  588; 
nerves  and  vesselSj  584;  czemaster 
medius,  585;  parepididymis  (ozganof 
Girald^),  585,  492. 
Seminal  vmJMm,  586. 
BSaovlatory  duete^  586. 
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Prostate^  586 ;  stroma,  586 ;  general 
structure,  587:  vessels  and  nerves, 
589. 

CaptU  OaUinagimSj  590. 

Urethra,  590 ;  mucous  membrane,  591 ; 
LittreV  glands,  591,  594 ;  muscular 
tunic,  591  ;  vessels  and  nerves,  592  ; 
Cowper's  glands,  693  ;  papillse  of  the 
mucous  membrane,  594. 

Penis,  595 ;  tunica  albuginea  of  the 
corpora  cavernosa,  595;  muscular 
fibres,  595  ;  blood-vessels  and  erec- 
tile tissue  (arterisB  helicinse,  venss 
eflferentes,  retia  mirabilia),  596-9; 
glans,  597,  599  ^  skin  of  penis  and 
prepuce  (glandulae  Tysonii),  600. 

Female  organs,  610. 

Ovary,  510;  structure,  510;  germ- 
epithelium,  510 ;  connective -tissue 
stroma,  512 ;  medullary  substance  or 
zona  vasculosa,  512  ;  albuginea,  518; 
ovarial  tubes,  512 ;  corpora  lutea, 
512,  534;  grain  cells  of  His,  513; 
smooth  muscular  fibres,  513 ;  vessels 
and  nerves,  514,  515.  O^raafian  fol- 
licle, 511,  515  ;  zone  of  cortical  ceUs, 
515 ;  theca  follicuU  (tunica  fibrosa 
and  propria),  515  ;  membrana  granu- 
losa or  follicular  epithelium,  515, 
516;  discus,  cumulus  proligerus, 
germ  -  disk,  germ-hill,  515,  516  ; 
Uquor  folliculi,  515,  516 ;  egg,  516 ; 
egg  epithelium,  516,  518 ;  primor- 
dial eggs,  517;  vitellus,  germ-jolk, 
piincipal  yolk,  subordinate  yolk, 
517,  519;  Purkyn^'s  vesicle,  517; 
germinal  spot,  517 ;  yolk-membrane, 
or  zona  pellucida,  517 ;  food-yolk  or 
subordinate  yolk,  517;  basilar  layer 
or  zona  radiata,  518;  Micropyle,  518 ; 
development  of  the  ovaries  and  eggs, 
528.  Paroarium,  535  ;  Wolffian  body, 
RosenmtiUer^s  organ,  535, 536.  Mam- 
mary gland,  576;  structure,  576;  glan- 
dular stroma,  576;  excretory  ducts, 
676 ;  vessels.  577;  development  of  and 
changes  in  tne  gland,  578  ;  milk,  580. 

Labia  pudendi,  600. 

CUtoris  and  vestibtde,  601 ;  bulbus  ves- 
tibuli,  602;  glands  of  Bartholine, 
602. 

£^/men  and  eagina,  602. 

Urethra,  603 ;   Littre's  glands,  604. 

Uterus,  606 ;  relation  of  peritoneal 
fold  to  uterus,  606  ;  muscular  tissue, 
606  ;  mucous  membrane,  608,  613  ; 
secretion  from  the  uterine  glands, 
608 ;  glandulaB  utriculares,  609 ; 
plicsQ  palmatse,  614 ;  mucous  follicles 
of  the  cervix,  614 ;  ovula  Nabothi, 
614  ;  nerves,  615 ;  blood-vessels  and 
l3rmphaticB,  616  ;  method  of  investi- 
gation, 616.  Placenta,  617 ;  placenta 
uterina,  617;  blood-vessels,  618; 
placenta  foetalis,  618;  villi  of  the 
chorion,  618. 


TTie  FaUopian  tube,  619  ;  isthmus  and 
ampulla,  619  *    ostium  uterinum  and 
abdominale,  620  ;   fringes  (fimbriffi), 
620  ;  three  layers  of  Fallopian  tube, 
!  621. 

'  Sharpey's  fibres,  102. 
J  Skin,  542. 

Outer  integument,  542;  subcutaneous 
cellular  tissue,  543*    corium,   544; 
papillae  of  corium,  544  ;  blood-vessels 
I  of  the  corium,  546  ;  lymphatics,  546 ; 

I  epidermis,  547 ;  mucous  layer  (stra- 

I  tum  mucosums.  rete  Malpighii),  547 ; 

homy  layer,  549  ;  nerves  of  the  skin, 
!  550  ;  Pacinian  or  Vater*s  corpuscles, 

I  550  ;  Meifisner^s  or  Wagner's  corpus- 

I  des,  551 ;  terminations  of  the  non- 

medullated  nerve-fibres,  552;   seba- 
ceous   glands,   552 ;    sweat   glands, 
653 ;  muscles  of  the  skin,  555  ;  hairs, 
555. 
Smell,  ozgan  of,  792. 
Regie   olfactoria,  792 ;   locus    luteus, 
792 ;    Bowman's  glands,  798  ;  olfac- 
tory cells,  794  •  epithelium,  794  ;  ol- 
factory nerve,  797  ;  relations  of  nerve 
fibrillae  in  the  epithelial  layer,  797. 
Smooth  muscular  fibres,  143. 
Solitary  glands,  373. 

Sphincter  ani-^  Vide  Digestive  apparatus. 
Sphincter  pupillse —  Vidk  Eye. 
Spinal  coid,  623. 
(reneral  remarks  on  its  structure,  665  ; 
white  substance,  625  ;  connective  tis- 
sue of  white  substance,  625  ;  nerve- 
cement  or  neuroglia,  626 ;  nerve  fi- 
bres of  white  substance,  627 ;  relation 
of  nerve-fibres  to  neuroglia,  629; 
vertical,  horizontal,  and  obUque  fibres 
of  white  substance,  630 ;  anterior 
white  commissure,  630 ;  the  columns 
of  Goll,  or  slender  columns  of  Bur- 
dach,  630;  gray  substance,  632; 
nerve-fibres  of  the  gray  matter,  632  ; 
network  of  the  gray  substance,  632  ; 
nerve-cells,  633 ;  nerve-process  and 
protoplasma  processes  of  Deiters, 
635 ;  posterior  gray  commissure,  640  ; 
central  canal,  640;  anterior  horns, 
641  *  intermediate  portion  and 
Gliirke's  column,  642 ;  posterior 
horns  and  substantia  gelatinosa  of 
Rolando,  643  ;  course  of  fibres  in  the 
spinal  cord,  644;  mode  of  prepara- 
tion of  the  nervous  centres  for  mi- 
croscopic examination,  646. 
Spiral  fibre  of  sympathetic  ganglion  cells, 

771. 
Spiral  plate  (lam.  spir.) —  Vide  Ear. 
Spleen,  247. 
Capsule  of  spleen,  247,  249  ;  septa  and 
sheaths  of  the  veins,  250 ;  Malpighian 
bodies,   251 ;  pulp,  251  ;  cells  of  the 
pulp,   252;    intercellular  substance, 
252  ;  blood-vessels  of  the  spleen,  252 ; 
intermediate    blood    passages,   253; 
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lymph  yeaselfl,  254;  nerves  of  the 
spleen,  254;  deyelopment  of  the 
spleen,  254. 

Stomach,  370. 

Stratum  badllosam —  Vide  Eye. 

Stratum  granulosum —  Vide  Eye. 

Stratum  mucosum —  Vide  Skin. 

Substantia  adamantina  of  teeth,  326. 

Substantia  gelatinosa  Rolandi,  625,  643. 

Subvaginal  space —  Vide  Eye. 

Sulcus  spiralis —  Vide  Ear. 

Sulcus  tympanicus —  Vide  Ear. 

Suprachoroidal  membrane —  Vide  'Eye. 

Suprarenal  capsules,  477. 
Parenchyma,  477 ;  cortex.  479 ;  medul- 
la, 481 ;  framework,  482 ;  blood  and 
lymph  vessels,  483, 484  ;  nerves,  485. 

Supravaginal  space —  Vide  Eye. 

Sympathetic  nervous  system,  767. 
Ganglion  cells,  767 ;  connective-tissue 
capsules,  767;  substance  of  cells, 
769 ;  nudeus-oommunication  threads, 
769;  nucleus,  769;  nucleolus,  770; 
processes  of  sympathetic  nerve  cells, 
770 ;  spiral  and  straight  fibres,  771 ; 
mode  of  origin  of  processes,  772; 
nests  of  cells,  774;  fibres  of  the  sym- 
pathetic, 774. 

Synovial  membranes,  1090. 


Tactile  corpuscles,  551. 

Taste,  organ  of,  777. 
In  Man  and  Mammaia,  777 ;  taste-buds 
or  taste-bulbs,  777  ;  papillse  drcum- 
vallatas,   778;    papiUie  fungiformes, 
779;     taste-buds    or     taste-beakers 
(cover  and  taste  cells),   781 ;   taste- 
pore,  778 ;  nerves,  783. 
In  Amphibia^  784;   taste    disks,  784, 
785  ;    taste-papille,  785 ;    cup  cells, 
786 ;  cylinder  cells,  786 ;  forked  cells, 
787. 
In  Fishes^  788 ;  methods  of  investiga- 
tion, 789. 

Tenon's  fascia  and  Tenon^s  space,  871. 

Testicle —  Vide  Sexual  organs. 

Theca  folliculi—  Vide  Sexual  organa 

Thymus  gland,  258. 

Thyroid  gland,  261. 

TonsUs,  352. 

Trabecul89  camete,  182. 

Trabeculae  lienis,  250. 

Trachea,  435. 

Trachoma  glands  (Henle)—  Vide  Eye. 

Trigeminus,  origin  of,  704,  732. 

Tuba  Eustachii—  Vide  Ear. 

Tuba  Fallopii —  Vide  Sexual  organs. 

Tunica  adventitia —  Vide  Circulation. 

Tunica  adnata —  Vide  Sexual  organs. 

Tympanum—  Vide  Ear. 


U. 


Ureter,  490. 
Urethra,  603. 


Urinary  apparatus,  460. 

The  kidney,  460;  cortical  and  medul- 
lary portion    (boundary  portion  of 
the  medulla),  460;   pyramidal  pro- 
cesses or  medullary  radii,  460  ;  laby- 
rinth, 461. 
UriniferauM   tubules^  461 ;   capsule  of 
the  glomerulus,  461;    Henle*  s  loop, 
461 ;  intercalated  portion,  461 ;  od- 
lecting  tube,  462;  ductus  papillares, 
462 ;  primitive  cones,  462 ;  structure 
of  urinif  erous  tubule,  464. 
Blood-vessels  of  the  cortical  portion,  469 ; 
arteriole   interlobulares,   469 ;    vasa 
afferentia,  469  ;  vasa  efferentia,  471 ; 
capillary  network  of  the  cortex,  471. 
Blood-vessds  of  tfie  medulla,  472 ;  arte- 
riole rectse,  472 ;  capillary  network 
of  the  medulla,  473 ;  vessels  of  the 
tendinous  capsule,  474;  lymph  ves- 
sels, 474;    connective    tiasue,  474; 
nerves,  475. 
Urinary  bladder,  487 ;  epithelium,  487 ; 
connective-tissue  layer,  488 ;  muscu- 
lar layer,  489 ;   vessels  and  nerves, 
489,490. 
Ureters,  490. 
Uterus,  606— ( Vide  Sexual  organs). 
Uvea—  Vide  E^ye. 


Vagina,  602. 
Vagus,  origin  of,  747. 
Varicosities  of  nerves,  118. 
Vasa  aberrantia  of  the  testicle,  492. 
Vasa  afferentia  et  efferentia,  469,  471. 
Vater's  corpuscles,  550. 
Veins —  Vide  Circulation. 
Vesica  fellea  (gall-bladder),  421. 
VesiculsB  seminales.  585. 
Vestibulum —  Vide  Ear. 
Villi  of  intestine — Vide  Digestive  appa- 
ratus. 
Vitellus  of  the  ew,  517. 
Vitreous  hodj'-Vide  Eye. 
Vitreous  humor—  Vide  Eye. 
Voluntary  mnsde—  Vide  Muscular  tisroe. 

W. 

Wagner's  corpuscles,  551. 
Wandering  cells —  Vide  Cells. 
Wharton's  jelly-like  substance,  63,  80. 
Wolffian  bodies,  535,  536. 

Y. 

Yellow  spot —  Vide  Bye. 
Yolk,  517. 

Z. 

Zona  pellucida,  617. 
Zona  radiata,  518. 
Zonula  Zinnii—  Vide  Eye. 
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